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HE  method  of  producing  thiourea  for  use  in  the  arts  is  that  by 
hich  one  of  us  succeeded  in  isoUting  the  substance  in  1868 
his    Journal,   21,    1).     This   consists    in    carefully   heating    fused 

ammonium  thiocyanate  so  as  to  secure  as  far  as  possible  the  molecular 

rearntDgement  represented  by  the  expression 

NH^CNS  =   CSNjH^. 

It  was  early  noticed  that  this  change  was  very  partial,  and  it  was 
also  found  that  pure  thiourea,  when  fused,  reverted  to  a  considerable 
extent  io  ammonium  thiocyanate ;  that  is  to  say,  the  action  is  in 
some  degree  reversible.  At  the  time  the  substance  was  discovered,  it 
seemed  much  less  important  to  study  the  extent  of  the  conversion  of 
thiocyanate  into  thiourea  than  to  examine  the  latter  and  investigate 
the  very  large  number  of  derivatives  it  afforded.  However,  while 
this  work  was  in  progress,  other  chemists — notably  Volhard  (Ber., 
1873,6,92) — sought  to  ascertain  the  largest  proportion  of  thiourea 
produced  at  a  single  operat^n,  and  obtained  as  a  maximum  about  22 
per  cent,  of  the  thiocyanate  taken  for  experiment.  Other  estimates 
varied  between  16  and  20  per  cent.,  probably  owing  to  the  use  of  small 
quantities  of  impure  and  moist  thiocyanate  in  the  first  instance. 
VOL.   LXXXIII.  B 


2  REYNOLDS  AND  WERNER:  A  STUDY  OF  THE  DYNAMIC 

Again,  the  estimates  varied  considerably  as  to  the  extent  of  reversion 
on  fusing  pure  thiourea.  Volhard  (loc.  cit.)  considered  that  about  66 
per  cent,  reverted  to  ammonium  thiocyanate;  but,  more  recently, 
Waddell  (/.  Phytical  CJum,,  1898,  2,  525)  found  that  equilibrium  is 
reached  from  either  side  at  152—160°,  when  the  ratio  of  thiourea  to 
thiocyanate  is  21*2  to  78-8.  Waddell's  experiments,  though  well-con- 
ceivedi  were  carried  out  with  small  quantities,  usually  one  gram,  of 
admittedly  somewhat  impure  materials,  and  were  further  affected  by 
the  use  of  Volhard's  unsatisfactory  method  of  estimating  thiourea  by 
silver  nitrate  in  presence  of  excess  of  ammonia. 

This  case  of  *'  balanced  action,"  apparently  conditioned  by  heat 
alone,  is  cited  by  Lowry  (Trans.,  1899,  75,  235)  as  an  example 
of  what  he  terms  "dynamic  isomerism." 

Having  to  review  this  question  of  yield  of  thiourea  for  practical 
purposes,  we  decided  to  make  a  systematic  study  of  the  changes  on  a 
comparatively  large  scale.  The  results  of  this  inquiry  we  beg  to  lay 
before  the  Society,  as  they  are  essentially  different  from  those  of 
previous  observers. 

The  method  we  adopted  was  to  heat  a  kilogram  of  carefully  dried 
ammonium  thiocyanate  in  a  large  beaker  well  immersed  in  a  bath  of 
glycerol.  The  temperature  was  raised  as  quickly  as  possible  to  the 
melting  point  of  the  salt  (148 — 149°),  and  two  thermometers  were 
fixed  in  position  so  that  the  bulb  of  one  was  near  to  the  bottom  of  the 
beaker  and  that  of  the  other  well  under  the  surface  of  the  fused 
material,  which  was  kept  in  motion  by  a  stirrer.  The  temperature  of 
the  liquid  was  then  rapidly  raised  to  the  desired  point  and  maintained 
as  equable  as  possible.  A  number  of  dip  tubes  were  provided,  so  that 
12 — 14  grams  of  material  could  be  removed  from  the  liquid  at  equal 
time  intervals  and  have  their  contents  suddenly  chilled  and  solidified. 
Ten  grams  of  each  specimen  so  obtained  were  dissolved  in  500  c.c.  of 
water  for  the  determination  of  the  percentage  of  thiourea  present  in 
the  fused  mass  at  the  time  the  sample  was  taken.  The  method  of 
analysis  employed,  which  presents  several  points  of  interest,  is  de- 
scribed on  p.  7»  and  depends  on  the  perfectly  regular  action  of  iodine 
on  thiourea,  even  in  presence  of  a  large  excess  of  thiocyanate,  provided 
that  the  solutions  are  sufficiently  dilute  and  acid. 

Two  main  series  of  experiments  were  made  on  this  plan. 

StT%$$  I. — In  this,  the  temperature  waft  quickly  raised  to 
170°,  and  the  first  portion  was  then  taken  for  analysis.  At  this 
nearly  constant  temperature,  samples  were  removed  at  5  minute  in- 
tervals throughout  the  operation,  which  lasted  60  minutes. 

SmiM  II.— The  average  temperature  in  this  series  was  182°,  and 
portions  were  taken  for  analysis  at  6  minute  intervals* 
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It  was  found  to  be  useless  to  operate  at  higher  temperatures  than 
\S'2°,  as  both  isomerides  then  decomposed,  guanidine  tbiocyanate, 
ammonium  trithiocarbonate,  and  other  products  being  rapidly  formed. 
On  the  other  hand,  ammonium  thiocyanate  retained  just  at  its 
melting  point  (148 — 149^,  changed  very  slowly,  and  gave  only  15*2 
per  cent,  of  thiourea,  even  after  40  minutes. 

It  is  clear  from  the  results  of  the  two  main  series  of  experiments  that : 
1.  The  maximum  proportion  of  thiourea  formed  at  a  single  opera- 
tion* by  heating  ammonium  thiocyanate  was  24*76  per  cent. 

*  We  have  obtained  a  yield  of  43  per  cent,  hy  diMoIriog  the  product  in  water, 
•epanuing  by  erystdlimtion  the  erode  thioorea,  erapotatiog  the  mother  liquors  to 
diyneee,  again  fanag,  and  repestiiig  tiM  tcMtoent  tereral  thnet. 
^  B  2 


4  REYNOLDS  AND  WERNER:   A   STUDY   OP  THE   DYNAMIC 

2.  The  maximum  was  reached  after  45  minutes  at  a  temperature 
of  170°;  but  at  182°  the  change  was  more  rapid  in  the  earlier 
stages,  though  the  time  required  for  the  maximum  effect  was  nearly 
the  same  as  before,  and  decomposition  then  proceeded  more  rapidly. 

The  reverse  change  of  pure  thiourea  into  ammonium  thiocyanate 
was  next  examined. 

A  quantity  of  pure  and  dry  thiourea  was  heated  until  it  completely 
melted  (159°);  a  10  gram  sample  was  suddenly  cooled  and  was 
found  to  contain  28*8  per  cent,  of  ammonium  thiocyanate.  The  tem- 
perature was  then  raised  to  170°,  and  we  found  74*2  per  cent,  of 
ammonium  thiocyanate  after  45  minutes.  The  temperature  was  main- 
tained for  20  minutes  longer,  but  the  proportion  was  practically  un- 
altered. 

Therefore,  when  pure  and  dry  materials  were  used  in  the  first  in- 
stance, equilibrium  was  reached  from  either  side  when  the  isomerides 
were  present  in  the  fused  mass  in  the  proportions  which  are,  substan- 
tially, 25  per  cent,  of  thiourea  and  75  per  cent,  of  ammonium  thio- 
cyanate. In  other  words,  equilibrium  was  established  when  the 
liquid  contained  1  mol.  of  thiourea  and  3  mols.  of  ammonium 
thiocyanate.  It  seemed  probable  that  the  complete  arrest  of  change 
at  this  stage,  and  at  temperatures  very  favourable  to  its  continu- 
ance, is  due  to  the  formation  of  the  definite  compound 

CSN2H^,(NH^CNS)3, 
which  is  more  stable  under  the  conditions  than  either  of  its  con- 
stituents. A  large  mass  of  the  product,  when  allowed  to 
cool  down  slowly,  was  found  to  include  about  its  centre  well- 
marked  crystalline  aggregates  of  the  above  composition.  The  follow- 
ing results  and  the  study  of  the  action  of  solvents  tend  to  confirm 
the  view  just  stated. 

It  was  noted  that  the  fused  mass,  which  contained  approximately 
25  per  cent,  of  thiourea  and  75  per  cent,  of  thiocyanate,  did  not 
solidify  until  the  temperature  fell  to  105 — 106°.  The  two  isomerides, 
being  perfectly  miscible  liquids  when  fused,  were  certain  to  afford 
eutectio  mixtures,  and  the  question  arose  whether  the  melting  point 
of  the  1  : 3-compound  is  also  the  eutectic  point. 

Id  order  to  settle  this  question,  we  made  a  number  of  very  in- 
timate mixtures  of  pure  thiourea  and  ammonium  thiocyanate,  and 
determined  their  points  of  complete  liquefaction,  so  as  to  avoid, 
far  as  practicable,  the  complication  due  to  intramolecular  chanj 
The  results  are  stated  in  Table  II,  and  are  gri\phically  shown 
the  annexed  Curve  II,  from  which  it  is  obvious  that  the  experiment 
answer  is  in  the  atfirmative. 
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Action  of  Solvents. — When  the  previously  fused  material  which  con- 
tains thiourea  and  thiocyanate  in  the  ratio  of  1  to  3  was  warmed  with 
iosaflicient  acetone  to  dissolve  it  completely  and  the  solution  cooled,  fine, 
feathery  groups  of  silky  needles  separated.  These  crystals,  which  were 
quite  distinct  in  appearance  from  either  isomeride  when  crystallised 
^    ni  acetone,  gave  51*5  percent,  of  thiourea,  and  therefore  consisted  of 

N'jH^.NH^CNS.  Theory  requires  50  per  cent.,  but  the  crystals 
could  not  be  farther  purified  from  inevitable  excess  of  thiocyanate  as 
they  were  wholly  dissociated  by  re-solution. 

With  alcohol,  even  when  nearly  anhydrous,  the  change  proceeds 
farther  and  the  compound    (C3N,H4)„NH4CNS  can  be  crystallised 
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from  the  solution.  The  same  compound  can,  however,  be 
obtained,  and  in  a  state  of  greater  purity,  by  dissolving  tho  lu.^cu 
product  in  rather  more  than  its  own  weight  of  hot  water,  and  allowing 
the  solution  to  cool  slowly.  Fine  groups  of  long,  tapering  prisms 
having  a  satin-like  lustre  crystallise  out.  These  bear  repeated  wash- 
ing with  ice-cold  water  and  pressing  with  bibulous  paper  between 
each  washing.  When  once  dried,  they  can  be  exposed  to  the  air  freely 
without  absorbing  moisture,  indicating  the  absence  of  free  ammonium 
thiocyanate.  If  redissolved  in  water,  complete  separation  of  the  iso- 
merides  occurs.  Crystals  purified  as  described  gave  74'48  per  cent,  of 
thiourea,  the  rest  being  combined  thiocyanate  (calc,  75  per  cent,  thio- 
urea). The  crystals  melt  at  144°,  but  since  the  thiourea  present 
gradually  reverts,  when  fused,  to  ammonium  thiocyanate,  the  point  of 
reeolidification  is  lower. 

In  a  fine  specimen  of  these  large  groups  of  crystals,  prepared  some 
33  years  ago,  the  satin-like  lustre  is  still  retained,  and  the  crystals 
have  merely  assumed  a  slightly  brownish  colour.  On  analysis,  these 
afforded  us  exactly  75  per  cent,  of  thiourea. 

Hintze  (Jafiresber.  Chem.,  1884,  462),  Carrara  {Gazzetta,  1892,  22,  i, 
343),  and  others  have  obtained  similar  crystals  to  those  just  described, 
but  they  regarded  them  as  those  of  the  compound,  CSNgH^.NH^CNS, 
possibly  owing  to  the  difficulty  in  removing  adherent  thiocyanate. 

It  is  evident,  from  the  results  recorded  in  this  paper,  that  the  state 
of  equilibrium  reached  when  either  ammonium  thiocyanate  or  thiourea 
is  heated  at  170°  for  some  45  minutes  is  conditioned  as  much  by  per- 
fectly definite  chemical  attraction  as  by  heat.  It  is  farther  seen  that 
the  relative  attractions  of  the  saline  and  non-saline  isomerides  at 
comparatively  high  temperatures  are  reversed  at  low  temperatures 
with  more  or  less  dissociation  in  presence  of  solvents,  hence,  under  the 
respective  conditions,  wo  have  the  complementary  compounds 

CSN,H^,(NH^CNS)8  and  (CSNjH,)8,NH,CNS. 

Borne  years  ago  (Trans.,  1801,  60,  384),  one  of  us  made  known  the 
•ziatence  of  a  number  of  thiourea  compounds  of  which 

(CSN,H,)„NH^Br 
may  be  taken  as  a  type.  At  that  time  we  sought  to  replace  the  am- 
monium bromide  in  the  above  by  the  thiocyanate,  but  without 
suooeu,  as  we  operated  in  the  presence  of  solvents.  We  now  find 
that  the  compound  is  easily  produced  when  the  perfectly  dry 
materials  are  mixed  first  in  the  form  of  fine  powder  and  the  mixture 
is  carefully  fused,  and  then  quickly  cooled.  When  dissolved  in 
nearly  anhydrous  alcohol  a  few  crystals  of  thiourea  sop.irate  at  first, 
and  then  a  felted  mass  of  long,  thin  needles  resembling  the  ammonium 
bromide  oompouad.    Tbeie  were  slightly  yellow   in  colour,  and  after 
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lied   washing  with  cold  alcohol  f: 

L  of  tlaouro«^  ucoording  fairly  with  tho  formala 

(rSN,H,)^.Nn^CNS, 

''  >f   the  mttcriAls  together  was,   therefore,    more 

ing  combination  of  the  kind  required  than  merely 
beating  in  the  tolyent. 

i  otumetrtc  djeterminatton  oj    1  rnourca  Oj/  vieans  of  Iodine 

Yolhard's  Tolumetric  method  of  estimating  thiourea  {loc.  ^,.., 
dopends  oo  the  desulphuration  of  the  latter,  with  formation  of  cyan* 
amide,  by  the  action  of  silver  nitrate  in  presence  of  excess  of  ammonia. 
This  method  is  fairly  satisfactory  in  nearly  pure  solutions  of  thiourea, 

It  its  author  admits  that  its  results  are  irregular  when  much  ammon 
lum  thioeyanate  is  present.  In  preparing  for  the  work  recorded  in  the 
foregoing  paper,  we  therefore  sought  to  devise  a  method  capable  of 
giving  reliable  results,  even  when  the  thioeyanate  is  in  large  excess 
and  we  found  that  this  end  could  be  attained  by  means  of  iodine  if 
used  under  the  special  conditions  we  shall  describe. 

When  iodine  solution  is  added  to  thiourea  dissolved  in  a  small  pro- 
portion of  water,  the  colour  of  the  halogen  disappears  until  a  state  of 
equilibrium  is  reached  ;  the  condition  is  disturbed  by  further  dilution, 
and  the  liquid  decolorises  more  iodine.  This  is,  therefore,  a  reversible 
action,  like  so  many  others  in  which  iodine  is  concerned,  and  can  be 
perfectly  regular,  as  in  other  cases,  by  large  dilution.  Id 
of  a  sufficient  volume  of  water,  we  found  that  0*76  gram  of 
thiourea  required  1*268  of  iodine,  or  1  mol.  of  the  former  to  1  at. 
of  the  latter.  The  dilution  required  is  such  that  the  liquid  titrated 
shall  not  contain  more  than  0'05  gram  of  thiourea  in  250  cc,  and 
the  action  proceeds  most  regularly  in  presence  of  some  free  sulphuric 
add.  The  iodine  solution  used  is  deci-  or  centi-normaL  Under  these 
conditions,  we  found  that  the  addition  of  successive  quantities  of 
ammonium  thioeyanate  did  not  commence  to  affect  the  determinations 
of  thiourea  until  at  least  16  mols.  of  thioeyanate  were  added  for 
1  moL  of  thiourea. 

The  method  as  applied  to  one  of  the  fusion  products  of 
ammonium  thioeyanate  was  as  follows  : 

Ten  grams  of  the  material  were  dissolved  in  500  cc.  of  water.     Ten 

0.  of  this  solution  were  diluted  with  250  cc.  of  water,  and  5  cc.  of 
diluted  sulphuric  acid  (1  to  7)  added  with  2  cc  of  a  fresh  starch  solu- 
tion, and  iodine  standard  ^lution  was  then  added  as  required.  Before 
the  end  is  reached,  the  liquid  acquires  a  lavender  tint,  but  this  is 
easily  distinguished    in  full    daylight  from   the    pure    blue    colour 
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doveloped   by   l/20lh    »  '        muinl  iodine  marking  the  final 

action. 

The  investigation  of  the  exact  nature  of  the  change  involved  in  the 
above  process  was  in  progresfi,  together  with  re-examination  of  the 
results  of  Clans  {Annalen,  1875,  179,  139),  McGowan  (Trans.,  1886, 
40,  195),  and  Storch  {Afonatsh.,  1890,  11,  452)  on  the  action  of  iodine 
on  thiourea  under  various  conditions,  when  we  found  that  the  subject 
was  also  being  examined  by  Dr.  Hugh  Marshall  (Proc,  Roy.  Soc. 
Edin.f  1902,  24,  233).  We  have  therefore  not  proceeded  farther,  but 
so  far  as  our  results  went  they  indicated  that  iodine  acts,  in  our 
volumetric  method,  by  removing  one  atom  of  hydrogen  as  hydriodic 
acid  from  each  molecule  of  thiourea. 

TTsivFitsiTY  Laboratory, 

Ikinity  College,  Dublin. 


II. — The  Synthesis  of  aa-Dimethylglutaric  Acid,  oj 
0' Hydroxy- aa-dimethylglutaric  Acid,  and  of  the  cis- 
and  trans- Modif  cations  of  aa-Dimethylglutaconic 
Acid, 

By  W.  TT.  Pkrkin,  jun.,  and  Alice  E.  Smith,  B.Sc.  (1851  Exhibition 
Scholar  of  University  College,  Bangor). 

Ik  a  paper  published  a  short  time  since  (Trans.,  1902,  81,  246),  it  was 
shown  that  wocamphoronic  acid  may  be  readily  synthesised  with  the 
aid  of  the  following  series  of  reactions. 

ao-Dimethylglutaric  acid  is  first  converted  into  aa-dimethylglutaconic 
acid,  and  the  ester  of  the  latter  acid  condensed  with  the  sodium  com- 
pound of  ethyl  cyanoacetate ;  the  compound  thus  produced,  when 
hydrolysed  with  sulphuric  acid,  yields  i^ocamphoronic  acid : 

CO^-CMe,-OH,-CH,-COjH    — >    COjH-CMej-CHrCH-COjH 
^Me,— (jJH-OHj-COjEt      __^    (jJMe,— (,;H-CH,-C0,H 

"^  CCH 


CMe,— CH-OHj-COjEt  CMe,— CH-C 

00,Et  CNa(0N)-CO,Et     "^    COjH    CHj-( 


The  only  unsatisfactory  point  in  this  synthesis  is  the  fact  that  the 
dimethylglutaric  acid,  which  is  the  foundation  of  the  whole  process, 
had  to  be  prepared  by  the  oxidation  of  i«olauronolic  acid,  since  no  other 
method  was  known  by  which  it  could  be  readily  obtained. 

That  the  add  employed  in  the  synthesis  is  oa-dimethylglutaric  acid 
is  proved  by  the  fact  that,  .on  oxidation  with  nitric  acid,  it  yields 
oadimethylsuooioio    acid,   CO,H«0Me,«OH,«CO,H,   and    since    it    is 


niTLQLUTARIC  ACID.  9 

>in«rio  with  .  laUric  acid,  CO,H«CH,«CMc,»CH,*CO,II, 

aiitl  have  tho  cv  >  reprctonUxl  by  tho  formula 

In  fuKber  support  of  this  formuU  is  the  fact  that,  od  treatment  with 
bromiDe  and  subMquent  hydrolysis,  it  is  converted  into  aa-dimethyl- 
glutaoonio  add  (m.  p.  172°),  the  constitution  of  which  is  proved  by  the 
fact  thati  on  oxidation,  it  yields  dimethylmalonic  acid  and  oxalic  acid  : 

CO,HpMe,-CIVCHBr-00,H-CO,H-CMvCH:CH-CO,H  +  HBr 
00,H«CMe,-CH:CH-COjH  +  40  -  (X),H-CMe,'CO,H  +  CO,H-COjH. 

So  far,  however,  no  Mtisfactory  synthesis  of  oa-dimethylglutaric 
acid  has  been  described,  although  Montemartini  (GazzetUit  1898,  28, 
ii,  S90)  claims  to  have  obtained  this  acid  in  small  quantities  by  the 
following  series  of  reactions.  Ethyl  i«obutylacetate  was  first  treated 
with  chlorine,  and  the  ethyl  moDochIorot«obutylacetate  thus  obtained 
was  digested  with  potassium  cyanide  and  the  product  hydrolysed. 
Since  the  resulting  acid  yielded  an  anilic  acid  which  melted  at  H5'5°, 
Montemartini  concluded  that  it  was  oa-dimethylglutaric  acid. 

In  the  present  communicatiou,  we  describe  a  synthesis  of  aa-di- 
methylglutaric  acid  from  simple  materials,  which,  although  it  gives 
only  a  small  yield  of  this  acid,  nevertheless  leaves  no  doubt  as  to  its 
constitution.  When  sodium  acts  on  a  mixture  of  ethyl  dimethyl- 
malonate  and  ethyl  acetate,  condensation  takes  place  readily,  with  the 
formation  of  eUtt/l  aa'dimelhylacelonedicarboxylaie  : 

00,EfCMe,-COjEt  +   CHj-COjEt   = 

COjEt-CMej-CO-CHj-COaEt   +   EfOH. 

This  ester,  which  boils  at  185 — 190°  under  100  mm.  pressure,  had 
not  previously  been  prepared ;  it  is  isomeric  with  the  ethyl  ay-di- 
meihylacetonedicarboxylate,  C02Et-CHMe-COCHMe-C02Et,  which 
Diioflchmann  and  Pechmann  (^nna/tfn,  1891,  261,  182)  obtained  by 
treating  ethyl  acetonedicarboxylate  with  methyl  iodide  and  sodium 
methoxide,  and  which  boils  at  practically  the  same  temperature, 
namely,  190—200°  under  130  mm.  pressure.  When  the  new  ester  is 
reduced  with  sodium  amalgam  and  afterwards  with  hydriodic  acid 
under  the  conditions  described  in  the  experimental  part  of  this  paper, 
it  yields  )3-hydroxy-aa-dimethylglutaric  acid, 

C0,H-CMej-CH{0H)-CH2-C0jH 
(m.  p.  158 — 160°),  and  oa-dimethylglutaric  acid. 

Besides  leading  to  a  synthesis  of  oa-dimethylglutaric  acid,  this  re- 
search has  given  results  which,  we  think,  throw  much  light  on  the 
difficult  question  of   the  nature  of  the  oa-dimethylglutaconic  acids, 

)jH-CMe,'CH:CH-CO,H.     Henrich  {Manatsh.y  1899,  20,  560)  first 
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prepared  a  readily  solable  acid  of  this  constitution  by  treating  ethyl 
glutaoonate  with  sodium  metboxide  and  methyl  iodide,  thus : 

OO^t-CHNa-CHrCH-COjEt   — ^  COjEt-CHMe-CHICH-COgEt  -^ 
CO^fCMeNa*CH:CH«COjEt  ->  COaEfCMea'CHICH-COsEt 

The  acid  obtained  on  hydrolysing  the  product  softened  at  123°  and 
began  to  melt  at  126"^ ;  at  129 — 130°,  most  of  it  melted,  but  the  fused 
niMS  did  not  become  clear  until  133°.  This  description  is  important, 
in  view  of  the  work  discussed  in  this  paper,  and  it  should  be  said  at 
once  that  there  can  be  no  doubt  that  Henrich's  acid  was  an  aa-di- 
methylglutaconic  acid,  because  of  the  fact  that  on  oxidation  with  per- 
manganate it  yielded  dimethylmalonic  acid. 

About  the  same  time,  Conrad  {Ber.,  1899,  32,  137;  1900,33, 1921), 
by  a  complicated  series  of  reactions,  prepared  an  acid  melting  at  150°, 
which  he  called  aa-dimethylglutaconic  acid,  but  the  identity  of 
which  he  did  not  prove  by  examining  its  behaviour  on  oxidation  with 
permanganate.  This  synthesis  of  Conrad's  need  not  be  further  dis- 
CQued,  since,  in  a  previous  paper  (Perkin,  Trans.,  1902,  81,  249), 
reasons  are  given  which  make  it  appear  very  doubtful  whether  the 
acid  has  the  constitution  assigned  to  it  by  Conrad. 

Subsequently,  a  well  characterised  and  sparingly  soluble  aa-di- 
methylglutaconic acid  melting  at  172°  was  prepared  by  one  of  us 
(Perkin,  loe.  cU.f  p.  253)  by  the  hydrolysis  of  ethyl  y-bromo-oa-di- 
methylglutarate  with  alcoholic  potash. 

COjEfCMe2-CH2-CHBr-C02Et    —>    COgH-CMea'CHICH-COjH. 
On    oxidation    with    permanganate,   this   acid    was    converted    into 
dimethylmalonic  acid  and  oxalic  acid  ;  there  can  therefore  be  no  doubt 
as  to  its  identity. 

If  the  formula  of  aa-dimethylglutaconic  acid  is  examined,  it  will  be 
seen  that  an  acid  of  this  constitution  should  exist  in  da-  and  traru- 
modifications  corresponding  to  maleic  and  fumaric  acids  : 

CO,H-CMej-C-H  COjH-CMej-C-H 

CO,H-C-H  H-C-CO,H. 

Malooid  or  eis.  Fomaroid  or  trans. 

When  the  acid  of  melting  point  172^  was  discovered,  it  was  sug- 
gested (loo,  cit.^  p.  250)  that  its  high  melting  point,  sparing  solubility 
in  water,  and  incapability  of  forming  an  anhydride,  as  well  as  the  fact 
that  it  is  not  easily  attacked  by  bromine,  pointed  to  its  being  the  trant- 
modification,  and  this  view  is  confirmed  by  the  results  given  below. 
During  the  course  of  the  present  investigation,  it  was  found  that  one 
of  the  products  of  the  reduction  of  oa-dimethylacetonedicarboxylate. 
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wImo  itoUttd  under  the  condition*  described  in  ibo  ezperimontal  part 
of  ibis  paper,  is  an  aa-dimethylglutaconic  acid  which  melti  iharply  at 
134— 135^  Since  thi«  acid  ia  isomeric  with  the  acid  of  molting  point 
172^  and  its  formation  from  ethyl  oa-dimethylacetonedicarboxylate 
Allows  of  no  doubt  aa  to  ita  con8titution»  it  must  evidently  be  the 
ci.$- modification  figured  above.  The  properties  of  the  acid  entirely 
support  this  view.  The  only  matter  which  remains  still  to  be 
investigaftad  in  order  to  make  the  relationship  between  the  eis-  and 
trtuu-tMlM  perfectly  clear  is  the  determination  of  the  conditions 
under  which  each  isomeride  may  be  converted  into  the  other,  and 
this  we  propose  to  undertake  in  the  near  future. 

That  the  add  synthesised  by  Henrich,  which  melted  approximately 
at  ISO*',  consisted  mainly  of  ct«-dimethylglutacoDic  acid  was  now 
almost  a  matter  of  certainty,  and,  Indeed,  experimoots  which  were 
carried  out  in  these  laboratories  with  a  specimen  of  the  acid  prepared 
exactly  according  to  Henrich's  instructions  afford  almost  conclusive 
evidence  on  this  point. 

Dr.  W.  T.  Lawrence,  who  conducted  these  experiments,  first  con- 
firmed Henrich*s  statement  that  the  acid,  on  oxidation,  gives 
dimethylmalonio  acid,  and  then  by  submitting  it  to  a  long  series  o( 
fractional  crystallisations  succeeded  in  separating  from  it  an  acid 
melting  at  135^  which  is  evidently  identical  with  the  ctVacid 
deecribed  in  this  paper.  At  the  same  time,  a  small  quantity  of  a 
sparingly  soluble  acid  was  isolated  which  melted  at  about  159^^,  and 
very  probably  consisted  of  impure  irans-Sicid, 

A  further  interesting  observation  was  made  during  the  course  of 
the  present  in  vestigation,  namely,  that  the  /5-hydroxy-aa-dimethy  Igl  utaric 
acid,  which  ia  the  direct  product  of  the  reduction  of  ethyl  aa-dimethyl- 
aoetonedicarboxylate,  may  be  converted  into  ^*a7w-aa*dimethylglut- 
aconic  acid  in  two  different  ways. 

When  the  hydroxy-acid  is  rapidly  distilled  under  reduced  pressure, 
the  distillate  is  semi-solid  and  yields  on  crystallisation  small  quantities 
of  the  troM-acid  melting  at  172°.  In  the  previous  paper,  of  which 
mention  has  ahready  been  made  (loc,  city  p.  256),  it  was  shown  that 
this  acid,  when  slowly  heated,  is  decomposed  into  carbon  dioxide  and 
vinyldimethylacetic  acid, 

CO,H-CMej-CH:CH-CO,H  -  COjH-CMej-CHICH,  +  CO^, 
but  these  later  experiments  prove  that  it  may,  under  certain  condi- 
tions and  like  fumaric  acid,  distil  unchanged. 

The  second  method,  by  which  an  almost  quantitative  conversion 
into  tmyu  aa-dimethylglntaconic  acid  may  be  brought  about,  conaiata 
in  treating  the  hydroxydimethylglutaric  acid  with  phosphorus 
pentachloride,  decomposing  the  product  with  alcohol,  and  hydrolysiog 
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the  ethyl  )9-chloro-aa-diinethyIglutarate  thus  produced  with  alcoholic 
potash  : 

COjEt-CMej-CHCl-CHj-COjEb    — >    COgH-CMeg-CHICH-CO^H. 

Experimental. 
Ethyl  aaDimeiJiylacetomdicarhoxylate,  COjEt'CMeg'CO'CHj'COgEt. 

In  preparing  this  substance,  sodium  (23  grams)  was  melted  in  a 
thick  flask  under  boiling  toluene,  the  flask  wrapped  in  a  cloth,  and 
violently  agitated  in  order  to  bring  the  sodium  into  the  finest  possible 
condition.  The  toluene  was  removed  as  far  as  possible  by  decanta- 
tion,  and  then  a  mixture  of  ethyl  dimethylmalonate  (63  grams)  and 
ethyl  acetate  (60  grams,  carefully  dried)  added  in  small  quantities  at 
a  time,  any  considerable  rise  of  temperature  being  checked  by  cooling 
with  water. 

The  flask  was  connected  with  a  reflux  apparatus  and  allowed  to 
stand  until  the  reaction  slackened,  and  afterwards  heated  for  about 
6  hours,  first  on  the  water-bath  and  then  in  a  salt-bath,  the  last  traces 
of  sodium  being  removed  by  adding  further  small  quantities  of  ethyl 
acetate.  The  dark  brown  product  was  mixed  with  dilute  hydrochloric 
acid,  extracted  with  ether,  the  ethereal  solution  washed  with  water 
until  free  from  alcohol,  dried  over  calcium  chloride,  evaporated,  and 
the  residual  oil  fractionated.  As  soon  as  the  excess  of  ethyl  acetate 
had  been  removed,  the  distilling  flask  was  connected  with  the  vacuum 
fractionating  apparatus  and  the  distillation  continued  under  100  mm. 
pressure.  A  quantity  of  ethyl  acetoacetate  and  unchanged  ethyl  di- 
methylmalonate first  passed  over,  and  then  a  dark  oil  distilled,  which, 
after  repeated  fractionation,  boiled  constantly  at  185 — 190°  under 
100  mm.  pressure  and  gave,  on  analysis,  the  following  results  : 

0-1541  gave  0-3248  COj  and  01 107  H,0.     C=:57-5;  H  =  8-0. 
0-1233     „     0-2591  CO,    „    0  0883  HjO.     C«57-4;H  =  7-9 
CjjHjgOj  requires  C-57'4  ;  H  =  7-8  per  cent. 

Ethyl  dimetbylacetonedicarboxylate  is  an  almost  colourless  oil,  the 
alcoholic  solution  of  which  gives  with  ferric  chloride  an  intense  reddish- 
violet  coloration. 

Reduction  qf  Ethyl  aa-Dimethylacetonedicarbaxylate,  FomuUum  of 
oa'DifMthylgltUario  Acid,  P-lIydroxy»aa-dimethylglutario  Aeid^ 
and  oit-aa-Dimelhylglutaconic  Acid, 

Oar  first  experiments  on  the  reduction  of  ethyl  dimethylacetonedi- 
oarboxylate  were  carried  out  by  dissolving  the  ester  in  dilute  alcohol 
And  treating  the  solution  in  flat  basins  with  sodium  amalgam,  no 


aa-iM  M 


nt' 
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.^  into  dimaihylmatonic  acid  n'  acid. 

;  WM  finally  carried  out  an  *'v  dissoWing  the 

>  in  alcohol  (100  c.c).  n  i  lal  volume  of 

iio  Rolution  with  -liiUi  in  a  porcelain 

•   >f  carbon  dlox..^   -^--n   i  awed  through  and 
iighly  stirred  with  a  mechanical  stirrer  and 
operation.    The  amalgam  was  added  in 
ntil  a  sample  of  the  product,  when  ex- 
i  ether,  no  longer  yielded  an  oil  giving  a  violet  coloration 
chloride ;  this  was  usually  the  case  at  the  end  of  2  days. 
10  was  then  diluted  with  water,  separated  from  the  mer- 
cury, acidified  with  hydrochloric  acid,  evaporated  to  dryness,  and  the 
residue  ground  up  with  sand  and  extracted  in  a  Soxhlet  apparatus 
with  alcohol.     On  removing  the  alcohol  by  evaporation  on  the  water- 
bath,  a  dark  brown  oil  was  obtained,  which,  even  after  standing  for 
8ome  days  in  a  vacuum  desiccator,  showed  no  signs  of  crystallising. 

The  oil  (5  grams)  was  then  digested  with  hydriodic  acid  (25  c.c.  of 
sp.  gr.  1-96)  and  amorphous  phosphorus  (1  gram)  for  4  hours,  when, 
on  extracting  with  ether,  washing  the  ethereal  solution  with  bisul- 
phite to  remove  iodine,  and  distilling  off  the  ether,  a  brown  oil  was 
obtained,  which,  after  standing  for  some  days  in  an  exhausted  desic- 
cator over  sulphuric  acid,  deposited  a  quantity  of  crystals. 

In  contact  with  porous  porcelain,  the  dark  oil  was  soon  absorbed. 
The  residual,  yellowish  mass  of  crystals  was  dissolved  in  water  and 
the  solution  digested  with  purified  animal  charcoal  and  concentrated, 
when,  on  cooling,  colourless,  glistening  prisms  separated  which  melted 
at  90^.     On  analysis : 

01521  gave  02943  COjand01041  H,0.     C«52-8;  H-7-6. 
01674     „     0-3212  CO,    „    01144  H,0.    C-52-4 ;  H-TG. 
C^HjjO^  requires  C  -  525  ;  H  -  75  per  cent. 

This  add  is  oa-dimethylglutaric  acid,  although  the  observed  melting 
point  is  somewhat  higher  than  that  usually  assigned  to  it. 

Tiemann  (Ber.,  1895,  28,  2176),  who  prepared  this  acid  by  the 
oxidation  of  /3-campholenic  acid,  gives  the  melting  point  as  85°,  and 
Blanc  (BuU,  Soe.  chim.,  1898,  [iii],  19,  284)  and  Perkin  (Trans.,  1898, 
73,  847),  who  both  obtained  the  acid  from  twlauronolic  acid  by  oxida- 
tion, also  observed  the  melting  point  85°.  In  order,  therefore,  to  be 
cerUin  of  the  identity  of  the  synthetical  acid,  it  was  converted,  by 
boiling  with  acetic  anhydride,  into  the  anhydride,  and  from  this,  by 
treatment  with  aniline,  the  anilic  acid  was  prepared  ;  the  latter  melted 
at  144°,  which  is  the  melting  point  of  the  anilic  acid  of  oa  dimethyl- 
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glutaric  acid.  Moreover,  on  mixing  a  small  quantity  of  the  syn- 
thetical acid  with  an  equal  amount  of  a  specimen  of  the  acid  which 
had  been  prepared  from  t^olauronolic  acid,  the  mixture  melted  at 
87 — 90**.  There  can  therefore  be  no  doubt  that  the  synthetical  acid 
is  aa-dimethylglutaric  acid,  and  it  is  probable  that  the  melting  point 
of  this  acid,  when  pure,  is  90°  and  not  85°. 

The  porous  porcelain  which  had  been  used  to  absorb  the  brown  oil 
in  the  purification  of  the  crude  dimethylglutaric  acid,  as  explained 
above,  was  broken  up  and  extracted  in  a  Soxhlet  apparatus  with  ether. 
The  extract  was  evaporated,  but  the  residual  dark  brown  oil  did  not 
show  any  signs  of  crystallising,  even  after  standing  for  a  week  in  a 
vacuum  desiccator.  It  was  boiled  with  much  water,  filtered  from  a 
small  quantity  of  insoluble  matter,  and  the  filtrate,  after  decolorising 
with  purified  animal  charcoal,  again  extracted  with  ether.  The 
ethereal  solution  was  dried  over  calcium  chloride  and  evaporated  when 
the  syrupy  residue,  which  was  now  much  lighter  in  colour,  gradually 
deposited  crystals  and  became  semi-solid.  On  rubbing  the  mass  with 
dry  ether,  the  oily  impurity  dissolved,  leaving  a  crystalline  residue, 
which  was  collected  on  the  pump  and  rapidly  washed  with  the  same 
solvent.  The  ochre-coloured  residue  was  dissolved  in  dilute  sodium 
carbonate,  digested  with  animal  charcoal,  filtered,  and  the  filtrate 
acidified  with  hydrochloric  acid,  when,  on  standing,  large,  colourless 
prisms  like  sugar  crystals  gradually  separated.  These  were  collected, 
recrystallised  from  water,  and  consisted  then  of  pure  )3-hydroxy-aa-di- 
methylglutaric  acid,  as  the  following  analyses  and  examination  of 
properties  show : 

01860  gave  0-3248  COj  and  0-1144  H2O.     C  =  47-6;  H  =  6-8. 
01694    „     0-2948  CO2    „    0-1041  H2O.     0  =  474 ;  H-6-8. 
C^HjjOg  requires  0  =  47*8 ;  H  =  6*8  per  cent. 

0-1898  gram  dissolved  in  water  required  for  neutralisation  0-0864 
gram  of  NaOH,  which  is  exactly  the  amount  required  for  a  dibasic 
acid  CjB^fiy 

/8-Hydroxy-oo-dimethylglutaric  acid  melts  at  158—160°  and  is 
readily  soluble  in  water  or  alcohol,  but  sparingly  so  in  dry  ether, 
benzene,  or  light  petroleum.  Its  behaviour  on  distillation  and  when 
treated  with  phosphorus  pentaohloride  is  described  in  the  next  section. 
This  hydroxy- acid  is  apparently  new  and  is  isomeric  with  yhydr- 
oxy-oo-dimethylglutaric  acid,  C02H«CMe3-CH,-CH(0H)'C0jlI,  which 
Perkin  (Trans.,  1902,  81,  259)  obtained  in  the  form  of  its  lactone  by 
the  hydrolysis  of  ethyl  y-bromo-aa-dimethylglutarate  with  potash. 

The  ethereal  mother  liquors  of  the  hydroxy-acid  were  evaporated 
and  the  dark  oily  residue  digested  with  acetic  anhydride  for  two  hours 
and  thcti    fiMCtionated,   when  a  oonsiderable  fraction    duitilling  at 
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170 — IdO''  uudor  70  nun.  pressure  was  obtained,  and  on  redUtillation 
the  bulk  of  thin  passed  over  at  180 — \%5^  under  75  mm.  pressure, 
which  is  the  boiling  point  of  the  anhydride  of  oa-dimethylglntario 
add.  As,  however,  the  oil  did  not  solidify,  oven  when  cooled  to  -  10°, 
it  was  mixed  with  excess  of  a  filtered  solution  of  potash  in  methyl 
alcohol  when,  almost  immediately,  a  quantity  of  a  crystalline,  sparingly 
ftohible  potaisinm  salt  separated.  This  was  collected  on  the  pump,  washed 
with  methyl  alcohol,  dissolved  in  water,  boiled  until  free  from  methyl 
alcohol,  acidified,  and  the  clear  solution  extracted  five  times  with  etbor. 

The  ethereal  solution,  after  drying  over  calcium  chloride,  deposited 
on  evaporation  a  colourless  oil  which  rapidly  solidified,  the  crystalline 
iiass  melting  at  about  130°.  This  was  dissolved  in  a  little  water  and 
the  solution  saturated  with  hydrogen  chloride  when,  after  two  days, 
long,  colourless  needles  had  separated  together  with  a  very  small 
quantity  of  a  substance  crystallising  in  brown  warts. 

The  needles  were  mechanically  separated  and  again  crystallised 
from  hydrochloric  acid,  after  which  they  melted  at  135 — 137°  and 
consisted  of  pure  cu-oa-dimethylglutaconic  acid.   On  analysis : 

0-1018  gave  01992  CO,  and  00592  Ufi.     0  =  534  ;  H  =  6-4. 
C^HioO^  requires  0  =  532  ;  H  =  63  per  cent. 

0*0871  gram  required  for  neutralisation  0*0448  NaOH,  whereas  this 
amount  of  a  dibasic  acid  C^lIioO^  should  neutralise  0*0441  NaOH. 

The  cw-acid  is  very  soluble  in  water  and  most  organic  solvents,  but 
t  is  sparingly  soluble  in  hydrochloric  acid.     Its  solution  in  sodium 
carbonate  rapidly  decolorises  permanganate,  showing  that  it  is  an  un- 
saturated acid. 

dBrPmmlkyiiflmiaeonanaie  Acid,  COjH-CMej-CHICH-CO-NH-CoHj  (t). 
— When  the  ets-acid  is  heated  with  acetic  anhydride  in  a  test-tube  for 
1 0  minutes  and  the  acetic  acid  and  excess  of  acetic  anhydride  driven 
of!  by  heating  at  180°  and  passing  a  current  of  dry  air,  an  oil  remains 
which  undoubtedly  consists  of  the  anhydride  of  the  CM-acid.  No 
attempt  was,  however,  made  to  purify  this,  owing  to  the  small  amount 
at  our  disposal.  The  crude  anhydride  dissolves  readily  in  benzene,  and 
on  the  addition  of  aniline,  a  considerable  rise  of  temperature  takes 
place,  and  in  a  short  time  crystallisation  sets  in  and  the  whole  soon 
becomes  a  semi-solid  mass. 

The  crystals  were  collected  on  the  pump,  left  in  contact  with  a  porous 
plate  to  remove  oily  mother  liquor,  and  then  crystallised  from  dilute 
alcohol,  from  which  the  anilic  acid  separated  in  colourless  needles  melt- 
ing at  about  164°  with  decomposition.    On  analysis : 

01449  gave  0*3540 CO,  and  00876  H,0.     C - 66*6 ;  H - 6*7. 
01 754  gave  9  2  c.c.  nitrogen  at  19°  and  758  mm.     N  -  6*0. 
Ci^Hi^OjN  requires  C  -  66*9 ;  H  -  6*4 ;  N  =  60  per  cent. 
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cinpy- Dibrwno-aadimethyhjluUtric  Acid, 

COjH-CMe/CHBr-CHBr-COgH. 
— Wheneiff-diinethylglutacoDic  acid  is  thinly  spread  out  on  a  watch-glass 
and  exposed  to  the  vapour  of  bromine,  it]  is  soon  converted  into  a 
brown  liquid  and  if,  after  standing  for  2  hours,  the  watch-glass  is 
transferred  to  a  vacuum  desiccator  containing  powdered  potash,  the 
excess  of  bromine  and  traces  of  hydrogen  bromide  rapidly  evaporate, 
leaving  a  resinous  mass.  This  was  dissolved  in  a  little  hot  formic  acid  of 
sp.  gr.  1*22,  and  from  this  solution  the  dibromo-acid  slowly  separated 
as  a  crystalline  crust  which,  after  draining  on  porous  porcelain  and 
washing  with  formic  acid,  melted  at  149 — 151°.     On  analysis  : 

0  1097  gave  01325  AgBr.     Br  =  51-0. 

CyHjoO^Brg  requires  Br  =  50*3  per  cent. 

ctVDibromodimethylglutaric  acid  is  sparingly  soluble  in  water,  but 
on  boiling  with  water  is  readily  decomposed  with  elimination  of 
hydrogen  bromide. 

The  alkaline  methyl  alcoholic'mother  liquors,  from  which  the  potass- 
ium salt  of  the  c/sacid  had  separated,  as  just  explained,  were  mixed 
with  water  and  boiled  until  free  from  methyl  alcohol,  neutralised,  and 
treated  at  0°  with  a  slight  excess  of  permanganate  to  destroy  any 
trace  of  the  czVacid  and  other  impurities.  After  removing  the  excess 
of  permanganate,  filtering  from  the  manganese  precipitate,  and  evapor- 
ating to  dryness,  the  mass  was  acidified  and  the  ether  extract  digested 
with  acetic  anhydride.  The  crude  anhydride  thus  formed  yielded, 
after  fractionation  and  hydrolysis,  a  small  quantity  of  aa-dimethyl- 
glutaiic  acid,  which  melted  at  85 — 87°  and  was  apparently  not  quite 
80  pure  as  the  specimen  of  this  acid  obtained  as  explained  on  p.  13. 

Conversion   oj   ^'Hydroxy  aoL-dimethylglutaric    Acid    into   trans-oa-ZH*- 
vxtUiylglutaconic  Acid,  COaH-CMe/CHICH-COjjH. 

This  conversion  may  be  effected  either  by  heating  the  hydroxy-acid 
or  by  treating  it  with  phosphorus  pentachloride. 

I.  The  hydroxy-acid,  in  quantities  of  about  0  5  gram,  was  rapidly 
distilled  under  a  pressure  of  60  mm.  from  a  small  retort.  The  acid 
melted  and  then  effervesced  vigorously  owing  to  the  escape  of  water 
vapour  and  some  carbon  dioxide,  and  a  thick  oil  smelling  strongly  of 
a  fatty  acid  distilled  over,  the  distillate  becoming  semi-solid  on  cooling. 
When  rubbed  with  hydrochloric  acid,  the  oily  impurity  dissolved, 
leaving  a  crystalline  mass  which,  in  contact  with  porous  porcelain, 
became  hard  and  colourless  and  melted  at  about  135 — 145^.  After 
extracting  with  toluene  and  repeatedly  recrystal Using  the  residue  from 
water,  the  molting  point  rose  to  168 — 172°.    On  analysis : 
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0*1 106  gkwe  0*3153  00,  and  0*0643  H,0.     C  -  530  ;  H  -  6*3. 
C\H|«04  r^ui>^  G  -  03*3 ;  U  -  6*3  per  cant. 

ThAt  thU  Acid  was  imtM^M-dumikfyl^Uaconie  acid  wm  proTed  by 

ixing  A  unall  quADtitj  with  an  equal  amount  of  a  Rpecimen  of  this 
acid  which  had  beeu  prepared  bj  another  process  (Perkin,  Trans.,  1003, 
81,  353),  when  no  lowering  of  the  melting  point  could  be  obsenred. 

Prom  the  mother  liquors  of  this  acid,  a  small  quantity  of  an  acid 
melting  at  133 — 135°  was  isolated,  which  possibly  consisted  of  the 
oorresponding  cM-modi6catioo,  but  the  quantity  was  too  small  for 
identification.  Since  oa-dimethylglutaconic  acid  is  slowly  decom- 
posed on  distilUtion  into  vinyldimethyUcetio  acid  and  carbon  dioxide 
(toe.  ett,  p.  356),  it  follows  that  a  considerable  loss  of  this  acid  must 
have  taken  place  during  the  above  process.  Much  better  results 
were  subsequently  obtained  in  the  following  way  : 

n.  The  hydroxj-acid  (3  grams)  is  heated  with  phosphorus  penta- 
chloride  (11  grams),  first  on  the  water-bath  for  half-an-bour  and 
then  for  15  minutes  to  boiling,  and  the  product,  after  cooling,  poured 
into  alcohol.  Water  is  then  added,  the  heavy  oil  extracted  with 
ether,  the  ethereal  solutfbn  washed  with  sodium  carbonate,  dried  over 
calcium  chloride,  acd  evaporated.  The  oil,  after  standing  over  sul- 
phuric acid  in  a  vacuum  desiccator  for  some  hours,  gave,  on  analysis, 
the  following  results,  which  show  that  it  evidently  consisted  of 
slightly  impure  ethyl  /3-chIoro-aa  dimethylglutaoonate, 
COjEf  CMeg-CHCl-CHj-COjEt : 

0*3984  gave  0*1536  AgCl.     CI  =13  7. 

CiiHjjO^Cl  requires  Cl«141  per  cent. 

The  oil  was  digested  with  twice  its  volume  of  diethylaniline  for 
'^  minutes,   poured   into   dilute   hydrochloric   acid,    extracted    with 

ner,  and  the  ether  distilled  ofiF.     The  residue  was  hydrolyscd  with 

methyl   alcoholic   potash   and,  after   the  methyl   alcohol    had    been 

<^moved  by  evaporating  with  water,  acidified  and  extracted  several 

ines  with  ether.  The  ethereal  solution  was  carefully  dried  over 
calcium  chloride  and  evaporated  to  a  small  bulk  when,  on  standing,  a 
colourless  acid  separated  which  crystallised  from  water  in  leaflets, 
melted  at  173^  and  consisted  of  pure  (ran«-aadimethylglutaconio 
acid  : 

01351  gave  0*3443  CO,  and  00735  H,0.     C  -  533  ;  H  -  64. 
CyHjoO^  requires  C  «  53*3  ;  H  -  6*3  per  cent. 

The  ethereal  mother  liquors  from  this  acid,  on  evaporation,  deposited 
a  yellow  oil  which  almost  completely  solidified  on  standing  and,  in 
contact  with  porous  porcelain,  yielded  a  hard  mass  of  crystals.  This 
acid,  after  twice  crystallising  from  water,   melted  at   168 — 173°  and 
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consisted  of  tho  (rarw acid;  the  total  yield  of  this  acid  obtained 
from  the  hydroxy-acid  by  the  above  process  was  nearly  quantitative, 
there  being  apparently  no  trace  of  the  m-acid  formed. 

imnsPy- Dibromo-aa'dtmelhi/lglutaric  Acid, 

CO^H-CMeg-CHBr-CHBr-COoH. 
— <ratw-Dimethylglutaconic  acid  is  much  less  readily  attacked  by  brom- 
ine than  the  corresponding  ciVacid  since,  unlike  the  latter,  it  is  not  con- 
verted into  its  dibromide  when  left  in  contact  with  bromine  vapour 
for  12  hours.  When,  however,  the  finely  powdered  acid  was  rubbed 
in  a  mortar  with  dry  bromine,  it  dissolved,  and  after  standing  for  2 
hours  and  removing  the  excess  of  bromine  in  a  current  of  air,  a  nearly 
colourless  mass  was  obtained  which  crystallised  from  formic  acid  of  sp. 
gr.  1*22  in  small,  glistening  needles. 

These  melted  with  vigorous  decomposition  at  about  215 — 217°  and 
consisted  of  pure^raTM-dibromodimethylglutaric  acid.     On  analysis  : 

0-2395  gave  02847  AgBr.     Br  =  505. 

CyHjoBrjO^  requires  Br  =  50  3  per  cent. 

In  conclusion,  we  wish  to  express  our  thanks  to  Mr.  D.  Trevor 
Jones,  B.Sc.,  for  his  valuable  assistance  in  carrying  out  these  experi- 
ments. 

Tub  Owens  College, 
Mamchsstsr. 


III. — Note  on   the   Action    of  Baritcm   Hydroxide   on 
Dimethylvioluric  Add, 

By  Martha  Annik  Whitelby. 

Andreasch  (MonatsJi.,  1895,  16,  17)  was  the  first  to  investigate  the 
behaviour  of  dimethylvioluric  acid  towards  boiling  barium  hydroxide, 
and  found  that  the  chief  products  were  t«onitrosomalondimethylamide 
and  barium  carbonate,  whilst  a  little  methylamine  sulphate  was 
present  in  (he  acidified  mother  liquors.  The  reaction  was  therefore 
represented  by  the  following  equation  : 


(j:0-NMo.  (jJO-NHMe 

0U-N:C  ^CO  +   Ba(OH),     -      C:N-0H       +  BaCO 

CO-NMe^  CO-] 


NHMe 


This  method  was  employed  for  the  preparation  of  the  tAonitroso- 
m.ilondimothylamidc  required  for  the  investigation  on  the  uonitroso- 
derivatives  of   substituted  malonamidos.     The  method  was  found  to 
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b©  4UU0  MUsiACiory,  oui  luo  proj>ornos  01  ino  cooipoiind  were  to 
entirely  diffmnlfrom  thoee  Aacribed  to  it  bj  AodreMoh  that  the  re«etioo 
WAS  tubmitted  to  a  oareful  inTestigAtioD.  The  reiuits  show  that 
although  MonitroeomaloDdiinethjIamide  is  the  chief  out  of  the  etom 
prodoeta  of  the  reaction,  it  is  doubtful  if  Andreaaoh  erer  isolated  it. 

Andreaach  obtained  his  dimetbylviolurio  acid  from  caffeine  by  a 
•x^mewhat  long  and   tedious    process.     In   the   preparation    of    tho 

uethjivioluric  acid  used  in  this  investigation,  a  saving  of  time  and 
matarial  was  obtained  by  reverting  to  the  older  method  of  oxidising 
caffeine  bj  chlorine  water  (Rochleder,  Annal€nf  1849,  71,  1).  Ten 
grams  of  caffeine  were  dissolved  in  the  least  possible  quantity  of 
boiling  water  and  the  caffeine  precipitated  in  the  form  of  a  felted  mass 
of  crystals  by  cooling.  Chlorine  was  passed  through  the  semi-solid  mass 
until  all  had  dissolved,  and  the  addition  of  concentrated  aqueous  potash 
to  a  drop  of  the  solution  did  not  precipitate  caffeine.  The  excess  of 
chlorine  was  removed  by  passing  a  current  of  air  through  the  liquid  ; 
4*5  grams  of  hydroxylamine  hydrochloride  were  then  added  and  tho 
mixture  gently  warmed  on  a  steam-bath  for  half-an-hour.  On  rapidly 
cooling  the  contents  of  the  flask,  the  dimethylvioluric  acid  separated 
in  the  form  of  fine  needles,  which  were  the  pure  hydra  ted  form  of 
the  acid  melting  at  127^     The  yield  amounted  to  43  per  cent,  of  the 

ooretical.  Recrystallisation  from  alcohol  or  water  effected  no  change 
m  the  melting  point : 

01144  gave  212  c.c.  moist  nitrogen  at  751  mm. and  20°.  N-20-95. 
C^HyO^NyHjO  requires  N  »^  2070  per  cent. 

On  drying  in  the  steam  oven,  the  anhydrous  acid  was  obtained  ; 
melted  at  141®  (Fischer  and  Ach,  Ber.,  1895,  28,  3143) : 

0-6667  lost  0-0599  H^O  on  drying  at  100°.     H^O  =  8*95. 
01 752  gave  34*3  c.c.  moist  nitrogen  at  755*5  mm.  and  18*7°.  N  »  22*33. 
C.HyO^Nj  requires  N  -  22*73  per  cent. 
CaH70^N,,HjO  requires  H50  =  8-89  per  cent. 

The  hydrated  acid  also  loees  its  water  when  the  finely  powdered  crystals 
are  exposed  over  sulphuric  acid   for   several   hours;  the  unbroken 

ystals  do  not  lose  in  weight  when  kept  in  a  vacuum  over  sulphuric 
acid  for  16  hours.  The  hydrated  acid  becomes  strongly  electriBed  by 
pressure  or  friction  ;  this  property  is  not  possessed  by  the  dehydrated 
compound. 

The  copper  salt  of  dimethylvioluric  add  is  volatile,  forming  a  green 

.pour  closely  resembling  tkat  of  the  copper  haloid  salts. 

Action  of  Barium  Hydroxids  on  Dimsikylviolwrie  iicici.— Mixed 
solutions  of    10   grama   of    dimethylvioluric   add  and  30  grams  of 

ystallised  barium  hydroxide  were  boiled  until  the  deep  purple  colour 

C  2 
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changed  to  a  bright  yellow ;  a  white  precipitate  was  thrown  down 
and  there  wa«  a  strong  odour  of  methylamine.  The  mixture  was 
filtered,  and  the  precipitate,  which  when  dry  weighed  19  grams,  was 
found  to  be  a  mixture  of  94  per  cent,  of  barium  carbonate  and  6  per 
cent,  of  barium  oxalate.  The  clear  yellow  filtrate  was  treated  with 
dilute  sulphuric  acid  until  the  yellow  colour  disappeared,  the  pre- 
cipitated barium  sulphate  removed  by  filtration,  and  the  colourless 
filtrate  evaporated  to  a  small  bulk  on  the  steam-bath.  On  cooling,  a 
mass  of  bright,  shining,  crystalline  scales  with  a  pearly  lustre  separated. 
These,  when  collected,  washed,  and  dried,  weighed  2  grams  (see  A) ;  the 
filtrate  was  placed  in  a  vacuum  over  sulphuric  acid  for  several  days ; 
it  formed  a  slightly  moist,  crystalline  mass  weighing  7*4  grams.  The 
viscous  mass  was  separated  by  filtration  into  a  pale  yellow  liquid 
weighing  4  grams  (see  B)^  and  a  crystalline  solid  which,  after  washing 
with  alcohol  and  ether  and  drying,  weighed  2  8  grams  (see  C). 

(i)  A  proved  to  be  monomethyloxamide,  NHg'CO'CO'NH'CHg ;  it 
consisted  of  shining,  white  scales  with  a  pearly  lustre,  melted  at 
228 — 230%  and  was  sparingly  soluble  in  alcohol  and  boiling  water, 
readily  crystallising  from  the  latter.  After  three  recrystallisations, 
the  melting  point  was  constant  at  231 — 232°.  It  sublimed  readily  on 
heating,  the  sublimate  consisting  of  a  feathery  mass  of  crystals  having 
the  same  melting  point  as  the  original  substance.  The  results  of  the 
analyses  of  various  specimens  are  given  : 

0'1967  gave  0-2565  COg  and  0-1105  Kfi.     0  =  3557;  H  =  6-27. 
01873     „     0-2421002    „    0-1051  HgO.     0  =  35-27  ;  H  =  6-28. 
0-1468     „     35-5  c.c.  moist  nitrogen  at  18-5°and  745  mm.    N  =  27-29. 
01110     „     26-6  c.c.      „  „  17°      „    752  mm.    N  =  27-52. 

CjHgOjNj  requires  0  -  35-28  ;  H  =  5-92  ;  N  =  2749  per  cent. 

Monomethyloxamide  is  described  by  Wallach  {AnncUmif  1876,  184, 
70)  as  crystallising  in  microscopic  needles  melting  and  subliming 
at  227-229°: 

(ii)  B  consisted  of  a  viscid  liquid  which  gave  a  white,  crystalline 
precipitate  with  alcohol.  This  was  identified  as  methylamine  sulphate 
by  its  ready  solubility  in  water,  its  deliquescent  nature,  the  evolution 
of  methylamine  when  warmed  with  potash,  and  the  formation  of  a 
precipitate  of  barium  sulphate  on  the  addition  of  barium  chloride  to 
the  aqueous  solution. 

The  alcoholic  filtrate  from  which  the  methylamine  sulphate  had  been 
Mpurated  was  evaporated  to  dryness  and  the  crystalline  residue  added 
toC. 

(iii)  C  was  a  white,  crystalline  substance,  from  which,  by  repeated 
fractional  crysUllisation  from  ethyl  acetate,  alcohol,  and  water,  three 
subetanoee  were  isolated,  Cj,  C^,  and  C,. 


liVUHM    HYDUOXIDK       n     i   !  M  1   !  II  YLVIOU   !  I        \'II»  '  1 

<i  was  proved  to  be  uonitro     i.i  .!   ;.  1    :  ;    :i<lo;   it  waji 

..  ._uoh  Urger  quantity   than  auy  ul   liic  uiuci   I'luducUi.     It 

'hito,  crjttalliDo    substance    readily  soluble  in  alcohol,   ethyl 

aceute,  glacial  acetic  acid,  acetone,  or  water,  crystallising  from  dtluto 

nqueous  solution  in  well-developed,  flattonod  prisms  c1on;:atod  parallel 

tlie6-axi 

The  innacoiii  tnces  a^iuUj  and  c|00i;,  ai»o  me  priMii  lac-u  'J^'Ji  !}•  sre 
.  oseni  oirall  the  crystals.  In  a  few  crystals  there  are,  in  addition,  a 
dome  face  r|10r}  and  a  prism  face  f>{  120}.  Good  reflections  are  ob- 
tained from  all  the  faces  except  the  prism  face  ;>{120J,  which  is  usually 
ridged. 

There  is  a  perfect  place  of  cleavage  parallel  to  a{100J,  and  thin 
sections  suitable  for  optical  examination  are  readily  obtained. 

When  a  thin  section  parallel  to  a{100}  is  viewed  between  crossed 
nicols  in  parallel  light,  there  is  a  well-marked  extinction  parallel  to 
the  edge  formed  by  the  prism  face  ^{Oll}.     In  convergent  light,  a  very 

•ar  optic  axial  figure  is  seen  through  the  face  a{100}.  The  optic 
:uual  plane  is  perpendicular  to  the  plane  of  symmetry  (010),  the  acute 
bisectrix  being  nearly  perpendicular  to  the  form  ajlOO}.  The  double 
refraction  is  negative.     The  dispersion  of  the  optic  axes  is  very  slight. 

Cr%f$taUin4  System. — Monosymmetric. 

a:6:c«l-53394:l;0-88680 
i8-68°43'. 


AuX' 


ae  =10o:(wl 
oc  =  100  :  001 
a9=rl00:011 
09=100:011 
oq  =001:011 
qq  -Oil  Oil 
ap  -  100:120 
«»  =120:120 
or  =100: 101 
cr  =101:101 


iii.i^t  rv.iiion-^. 


12 

14 

13 

35 

17 

9 

4 

9 

8 


Limits. 

Mean. 

Calculated. 

6912'—  68*18' 

68*43' 

_ 

11138-110  65 

11120 

111*17' 

106  49—106    4 

106  19 

106  15 

78  68  —  78  18 

78  40 

78  45 

40    6—  39    9 

39  84 

— 

101  30—100  80 

100  51 

100  62 

71    5—  7023 

70  41 

70  48 

89  12  —  38  14 

88  43 

88  34 

77  16—  76  86 

77    0 

— 

84  55  -  88  44 

84  16 

84  17 
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My  thanks  are  due  to  ProF.  Armstrong  for  the  opportunity  of 
measuring  these  crystals  in  the  Crystallography  Laboratory  of  the 
Central  Technical  College. 

t^oNitrosomalondimethylamide  melts  at  157°  j  it  evolves  methylamine 
on  warming  with  aqueous  potash,  and  is  therefore  a  methylamide,  also 
it  readily  splits  off  hydroxylamine  on  warming  with  hydrochloric  acid, 
and  is  therefore  an  ozime.  It  dissolves  in  alkalis  with  a  bright  yellow 
colour,  the  colour  changing  to  violet  on  the  addition  of  ferrous  sul- 
phate ;  from  the  coloured  solution,  after  a  few  minutes,  shining,  bronze- 
coloured  crystals  are  deposited  : 

0-1129  gave  26  c.c.  moist  nitrogen  at  19°  and  758  mm.     N  =  26*40. 
0'1004     „     23-5  c.c.  „  20°    „    751mm.     N  =  26-47. 

CgHgOjNg  requires  N  =^  26*45  per  cent. 

'S!he  potassium  salt,  (C0'NHMe)2C:N»0K,  is  a  bright  yellow,  crys- 
talline solid,  readily  soluble  in  water,  but  less  so  in  alcohol.  It  was 
recry stall ised  from  moist  alcohol : 


0*2338  gave  0*1031  KjSO^.     K  - 19-78. 

CjHgOgNgK  requires  K=  19*81 


per  cent. 


The  ferrous  salt,  [(CO-NHMe)2C:N*0]2Fe,  was  precipitated  in  the 
form  of  purple  crystals  with  a  bronze  lustre  by  adding  ferrous  sulphate 
Kolution  to  a  slightly  alkaline  solution  of  the  oxime.  The  dry  salt  is 
insoluble  in  water : 

0-1390  gave  0*02953  Fefi^.     Fe  =  14*87. 

(C5Hg08Ng)2Fe  requires  Fe=  15*04  per  cent. 

Cj. — ^This  consisted  of  shining,  white,  leafy  crystals  with  a  pearly 
lustre,  readily  soluble  in  cold  water  and  insoluble  in  alcohol ;  it  was 
recrystallised  by  adding  alcohol  to  a  concentrated  aqueous  solution. 
The  melting  points  of  various  specimens  varied  from  170 — 178°  with 
slight  decomposition.  The  aqueous  solution  gave  no  colour  reaction 
with  ferrous  sulphate  and  an  alkali.  On  warming  with  aqueous  potash, 
it  evolved  methylamine,  and  on  boiling  with  hydrochloric  acid 
hydroxylamine  was  not  produced.  It  is  probably  methf/lamine  oxam- 
ale,  NHs-CO-COj-NHjMe : 

0-1880  gave  281  c.c.  moist  nitrogen  at  19-75°  and  767  mm.  N-23-54. 

0-1386    „     27-6  c.c.  „  16-25°    „  771-5  mm.  N- 23*56. 

CgHgOjNj  requires  N  -  23*37  per  cent. 

Cy — This  substance  resembled  C7j  in  solubility ;  it  crystallised  in 
beautiful,  long  needles  from  hot  water  and  alcohol.  After  repeated 
crystaUisatioD,  the  melting  point  was  constant  at  239—240°  with 
decompofiition.    The  solution  gave  no  coloration  with  ferrous  sul  phate 


aiul   .ui    i.Ki.:       i;    ..    !\  II  warming  witn 

|M»iash.     liilhl  lioi  ovolvo  .  .  boiling  with  hytli 

acivi  : 

u-lSt;aj;Avo0i:.7«>C0j  and  01053  HjO.  C-2300;  H  r.  :ij. 
UJJJJ  ..  ulboJCO,  „  01200  H,0.  C-22-81;  H-r,oj. 
0  KU7     „     29*8  o.c.  moist  nitrogen  at  lO^'and  766  mm.     N- 26-09. 

Tho  substance  does  not  contain  water  of  crystallisation,  for  it  did 
not  lose  in  weight  on  drying  at  100"^.  Whon  heated  at  120'',  it  prob- 
ably sublimed  a  little,  as  there  w&s  a  small  but  fairly  conntant  loss 
in  weight. 

The  results  of  analyses  point  to  the  empirical  formula  C^IIijO^N^, 
which  requires  C-2252;  H-614;  N-26  23  per  cent.,  but  owing 
to  the  small  quantity  of  material  tlie  substance  has  not  been  identified. 

The  decomposition  of  dimethylvioluric  acid  by  barium  hydroxide  is 
therefore  a  somewhat  complicated  reaction ;  among  the  products,  the 
following  substances  have  been  identified  :  t^oNitrosodimalonmethyl- 
amide  ;  carbon  dioxide  and  oxalic  acid  (as  barium  salts) ;  monomethyl- 
oxamide ;  methylamine ;  methylamine  oxamate.  Andreasch  obtained 
only  carbon  dioxide,  methylamine,  and  a  crystalline  compound  melt- 
ing at  228°,  which,  on  analysis,  gave  numbers  corresponding  with 
those  required  for  Monitrosomalondimethylamide. 

It  was  at  first  thought  that  this  might  be  an  isomeric  form  of  uo- 
nitrosomalondimethylamide  which  has  been  shown  above  to  have  quite 
different  properties,  but  though  the  experiment  has  been  repeated 
several  times  with  every  precaution,  no  isomeride  has  been  isolated 
from  the  mixture.  Andreasch's  compound  corresponds  closely  in 
appearance,  solubility,  and  melting  point  with  monomethyloxamido, 
the  only  solid  which  has  been  found  to  separate  from  the  filtrate  on 
evaporation,  and  it  is  not  improbable  that  he  analysed  an  impure 
specimen  of  monomethyloxamido  (the  melting  point  of  his  compound 
being  3°  lower  than  that  of  pure  monomethyloxamido).  This  is  the 
more  probable  as  the  percentage  of  nitrogen  in  his  compound,  from 
the  data  given,*  is  25*36,  and  not  26  60  as  stated.  This  is  assuming 
the  nitrogen  to  be  moist,  a  conclusion  justified  by  reference  to  other 
analyses  quoted  in  the  paper. 

Tux  RoTAL  College  op  Science,  I^ndon. 
South  Kbnsinotok,  S.W. 


*  0*1525  gare  34*6  c.c.  nitrogen  at  21*  and  746*5  mau 
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IV. — The     Oxime     of    Mesoxamide    and    some   Allied 

Compounds,     Part  IL     Disuhstituted  Derivatives, 

By  Martha  Annie  Whiteley. 

The  investigation  which  forms  the  subject  of  this  paper  is  a  continua- 
tion of  the  work  on  the  oximes  of  mesoxamide  and  its  dimethyl 
derivative  (Whiteley,  Trans.,  1900,  77,  1040) :  compounds  characterised 
by  their  bright  yellow  alkali  and  rich  violet  ferrous  salts.  From  the 
constitution  of  the  original  compound,  it  is  clear  that  the  acidic 
hydrogen  is  furnished  either  by  one  of  the  -CO'NHg  groups  reacting 
in  the  tautomeric  form  -C(OH)INH,  or  by  the  oximino-group  itself. 

The  possibility  of  the  acidic  hydrogen  being  derived  from  one  of  the 
-CO'NH.^  groups  was  first  of  all  examined,  as  this  explanation  had 
suggested  itself  at  the  time  the  previous  communication  was  published 
{loc.  ciL,  p.  1045).  A  series  of  compounds  was  therefore  prepared  in 
which  alkyl  or  aryl  radicles  replace  partially  or  wholly  the  hydrogen 
atoms  of  the  original  amidogroups. 

A  list  of  the  compounds  examined,  their  colours,  and  the  colours 
of  the  alkali  and  ferrous  salts  obtained  from  them  is  given  in  the 
following  table  : 

Colour  of 


(co-nh2)2c:n-oh 

uoNitrosomalonamldo. 

(C0-NHMe)2C:N-0H 
mNitrosomalondimethylamide. 

(CO-NHPh)jC:N-OH  I 

wNitrosonialonanilide. 

C7Hy-NH-CO-C(CO-NH2):N-OH 

tsoNitro8omaloninono-;>-tolylaiuiilo. 


Oxime. 
f  a  Colourless 
1  P  Yellow 


Alkali 
salt. 


Ferrous 
salt. 


Yellow      Violet.* 


Colourless       Yellow       Violet 


a  Colourless 
p  Yellow 

Yellow 


a  Colourless 
P  Yellow 


(co-nh-C7H7),c:n-oh 

if0Nitro8ointlondi-;)-tolylamide. 

(co-nh-C7Ht),c:n-oh 

i«oNitrosomalondi-o.toIylamide. 

0TH7-NH-C0-C(C0,Et):N-0H 
Ethyl  M0Ditrosomalon«o-tolyUmate. 

*  Ferrous  potaasiam  talt 


I: 


Colourless  ) 
P  Yellow       j 


Yellow 


Yellow       Blue 


Yellow       Purple 


Yellow      Blue 


Yellow      Blue 


Yellow       Purple 
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Colour  of 


Oxinio. 
OraDge 

Yellow 

a  Colourless 
^8  Yellow 


Alkali  Ptrroaa 

nit.  Mtlu 

Yellow      Blue 


Yellow      Blue 

Yellow      Purple 
Colourless    — • 


.  auaphthylaiuidc. 

(oo-nh-c,oHt)jO:n-oh 

i-M»NitrotoauUoDdi-3*Mphth]rUiiude. 

(CO-NifePh),C:N-OH 
^  'NitrotomalondimethyUoiliJe, 

From  Uieee  resolto,  it  follows  that  the  replacement  of  one  or  both 
aminic  hydrogen  atoms  of  the  -CO'NH,  groups  does  not  interfere 
in  any  way  with  the  prodtfction  of  yellow  alkali  salts  and  violet  or 
blue  ferrous  salts.  The  acidic  hydrogen,  therefore,  of  the  oxime  of 
lesoxamide  and  its  derivatives  is  twt  furnished  by  either  of  the 
-CO'NHj  groups.  Further  evidence  in  favour  of  this  view  is 
afforded  by  the  alkyl-substituted  violuric  acids,  monomethylvioluric 
acid  (Andreasch,  Monatsh.,  1900,  21,  281),  dimethyl  violuric  acid 
(Andreasch,  MonaUh.,  1895,  16,  17),  and  diethylvioluric  acid  (Sem- 
britzki,  B^r.^  1898,  30,  1814),  all  of  which  give  the  red  alkali  salts 
and  deep  blue  ferrous  salts  characteristic  of  the  group,  whilst  neither 
'^f  the  last  two  compounds  contains  a  -CO*NH-,  complex  as  the 
:  ormule  show 


OH.N:C<^0:NEt>co 


oh.n:o<^o-nmo>co 

Dimethylnoluric  acid.  DiethylTioluric  acid. 

Dismissing,  therefore,  the  view  that  the  -CO'NH^  group  furnishes  the 

acidic  hydrogen,  attention  was  then  concentrated  on  the  oximino-group, 

and  a  number  of  substances  were  examined  with  the  object  of  ascer- 

'  lining  the  conditions  under  which  compounds  containing  this  group 

ield   coloured   salts.      The    formation    of    yellow    alkali    salts    is 

iuuracteristic  of  a-oximinoke tones,  to  which  class  the  oximes  under 

-sion  belong.      Schramm  (Ber.y  1883,  16,  183)  first  drew  atten- 

to  this  influence  of  a  neighbouring  radicle  on  the  acid  character 

of  the  oximino.group,and,  later,  Guinchard  (Ber.,  1900, 32, 1723)  pointed 

out  the  difference  in  colour  of  the  alkali  salts  of  this  class  according 

as  they  are  open  chain  or  ring  compounds,  the  former  yielding  yellow, 

he  latter  red  to  violet  salts.  The  purple  or  blue  ferrous  salts  areyhowefW, 

much  more  strikingly  characteristic   of  the  oximes  under  diicnMian 

than  the  yellow  alkali  sails,  and  yet  with  the  exception  of  violorio 

acid  and  its  mono-  and  di-substituted  alkyl  derivatives  no  refertnoe 

to  the  production  of  coloured  ferrous  salts  by  oximes  of  thia 

*  No  ferrous  udt.    Crinuon  ferric  mlt. 
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has  been  met  with  in  the  literature.  In  view  of  this  seeming  omis- 
sion, a  number  of  a-oximinoketones  were  prepared  and  examined  with 
respect  to  their  behaviour  with  ferrous'sulphate  and  an  alkali ;  the 
results  are  recorded  in  the  following  table : 


Colour  of 


ch3-co-ch:n-oh 

woNitrosoocctone. 

Alkali  salt. 
Yellow 

Ferrous  salt. 
Blue 

Clf3-CO-C(N-OH)-C02Et 

Ethyl  mnitrosoacetoacetate. 

Yellow 

Blue 

C6H,,-C0-C(N-0H)-C0,Et 
Ethyl  wonitrosobenzoylacetate. 

Yellow 

Blue 

CIl3-CO-C(N-OH)-CO-CIT3 

MoNitrosoacctylacotone. 

Yellow 

Blue; 

aH5-c(N-oH)-co-cir3 

7-woNitroso-j3ketopentanf. 

Yellow 

Blue 

CH3-C(N-01I)-CO-Nir2 
Oxime  of  [.yruvamide. 

Yellow 

Reddish 

rsoNitrosocamphor. 

Yellow 

Blue 

Ph-C-CO-Ph 
N-OH 

oBenzilmonoxiiue. 

Yellow 

Blue 

Ph-C-CO-Ph 
HO-W 

/3-Benzilmonoxinie. 

Yellow 

No  fern 
salt 

N<^f^(P>C:N-OH 

uoKitrosopheDylisoxazolono. 

isoNitrosomcthylisoxazolone. 


Red 


Red 


Greenish-blue 


(Jhocolate-brown 


Of  the  compounds  tabulated,  two  only,  the  monoximes  of  benzil, 
exhibit  isomerism,  and  one  of  these  affords  the  only  exception  to  the 
formation  of  a  ferrous  salt  of  characteristic  colour  by  the  a*oximino* 
ketones  which  have  been  examined.  Attention  was  therefore  directed  to 
the  stereoisomeric  oximes,  and  the  dioximes  of  benzil,  the  series  most 
readily  prepared,  were  investigated,  with  the  result  that,  whilst  these 
compounds  gave  a  pale  yellow    colour  with  alkalis,  they  showed  a 
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ilifTrrcnce  of  behaviour  on  tho  furthor  addition  of  ferrous  MulpbaU ; 
a  l>6ntiItiioxiiiid  gave  a  rich,  purpio  colour;  /9-bonziIdioxinie  gav* 
no  trace  of  a  ooloration,  and  Y>benzildioximo  gave  a  roddiah-pturple 
colour  changing  rapidly  to  the  dark  brown  of  ferric  hydroxide.  Repre- 
aeoting  iheoe  sabttanoes  by  the  constitutional  formule  assigned  to 
them  by  Beckmannand  KSater  {Annalen,  1893,  274,  32),  it  will  be 
■een  that  the  tyn-iBomeride  forms  a  stable  purple  ferrous  salt,  the 
OMjaAt-ieomeride  an  unstable  purpio  ferrous  salt,  whiUt  the  anii-iao- 
ia  destitute  of  colour-giving  properties : 

Ph CPh  CPh-CPh  CPh CPh 

•OH  HO-M  HO-i}      NOH  N-OH    fi-OH 

>Beiudldioxime.  ^Beiuildioxime.  ^-Bonzildioxime. 


s 


These  compounds  present  a  further  point  of  interest  in  that  they 
are  diketoximes,  and  the  fact  of  all  three  yielding  yellow  alkali  salts, 
and  one  of  them  a  purple  ferrous  salt,  indicates  that  the  radicle 
=CIN*OH,  like  carbonyl  itself,  can  sometimes  influence  the  acidic 
nature  of  a  contiguous  oximino-group.  This  conclusion  is  opposed  to 
that  drawn  by  Schramm  (Ber.,  1883, 16,  183),  who  attributed  the  non- 
formation  of  coloured  alkali  salts  from  metbylglyoxime  to  the  inopera« 
live  character  of  two  oximino-groups  as  compared,  with  the  colour- 
giving  property  of  the  carbonyl-oximino-group  in  t«onitrosoacetone 
(methylglyoxaldoxime). 

In  the  literature  of  the  dioximes,  only  two  cases  could  be  found  in 
which  mention  is  made  of  the  production  of  a  coloured  ferrous  salt 
by  compounds  of  this  class ;  these  are  the  two  dioximes  of  dihydroxy- 
tartaric  acid  (Soderbaum,  Ber,,  1892,  24,  1215)  and  the  two  dioximino- 
propionic  acids  (Soderbaum,  Ber.^  1893,  25,  905).  The  formulae  ascribed 
to  them  are  as  follows : 

Dioximes  of  dihydroxytarlaric  acid, 

CX)j^H-  C C  -COjH  CO,H-  C— C  -COjH 

N-OH    HO-M  HO-il    il-OH 

Primary.  Seeondaiy. 

Yiolet-red  coloration  with  ferroas  sulphate  and  an  alkali. 


Dioximinopropionie  aeids^ 


8: 


•C-COjH  CH Ci*CX),H 


•OH     HO-M  N-OH    N-OH 

Primary.  Secondary. 

Fleeting  dark  riolet  coloration  with  fcrroai  solphate  and  oaostic  alkalL 
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The  fact  that  each  of  the  isomeric  forms  of  these  two  compounds 
gives   the   colour   reaction   is  not   surprising,   since   in   addition    to 

-CO'C— 
being  a  dioxime  each  contains  the  grouping  ii   ,  which  is  present 

HO'N 
in  a-benzilmonoxime. 

In  each  case,  Soderbaum  succeeded  in  obtaining  two  isomeric  forms 
of  his  dioximes  out  of  the  three  and  four  theoretically  possible  ;  this 
is  of  especial  interest,  because  isomerism  in  oximes  of  the  aliphatic 
eeries  is  of  rare  occurrence.  A  few  dioximes  of  this  series  in  which 
no  isomeric  forms  could  be  obtained  were  prepared,  and  each  was 
found  to  give  a  characteristic  coloration  with  ferrous  sulphate  and  an 
alkali : 

Colour  of 


Alkali  salt.  Ferrous  salt. 

CH3-C(N-OH)-C(N-OH)-C02Et        Colourless  Violet 

Oxinie  of  ethyl  wonitrosoacctoacetate. 

CH8-C(N-OH)-CXN-OH)-C2H5  Yellow  Dark  brown 

Methylethylglyoxime. 

CH3-C(N-0H)-C(N-0H)-0H  Yellow  Reddish-brown 

MethylhyJroxyglyoxime. 

Among  the  trioximino-compounds,  oximinomesoxaldoxime, 

oh-n:ch-c(n-oh)-ch(n-oh), 

is  described  by  Pechmann  and  Wehsarg  (Ber.^  1889,  21,  2989)  as 
giving  a  wine-red  colour  with  ferrous  sulphate  and  a  violet  precipi- 
tate on  the  addition  of  aqueous  soda  to  the  solution. 

A  consideration  of  the  facts  so  far  presented  makes  it  clear  that 
the  production  of  coloured  alkali  salts  by  a-oximinoketones,  and,  prob- 
ably, by  dioximes,  and  the  production  of  coloured  ferrous  salts  by 
these  compounds  are  two  distinct  phenomena,  the  former  being  a 
general  characteristic,  whilst  the  latter  is  influenced  by  the  isomerism 
of  the  oximino-group.  These  two  phenomena  must  therefore  receive 
separate  consideration. 

The  question  of  the  production  of  coloured  alkali  salts  by  colourless 

I 

CO 
compounds    containing   the     i  complex   has    received    much 

*        c:n-ou 

I 
attention  from  Hantzschand  his  pupils  {Ber.^  1899,  32, 593  ;  Uantzsch 

and   Farmer,   ibid.,    3101  ;  Guinchard,   ibid.,    1723).      According   to 

Hantzsch,  the  salts  of  all  a-oximinoketones  have  a  constitution  different 

from  that  of  the  original  or  pseudo-acid,  and  they  are  formed  from  the 

latter  by  an  alteration  in  the  relative  position  of  the  atoms  during 

the  dissociation  into  ions.     Thus  in  the  case  of  violuric  acid : 


Ptrado-Mid.  Salt. 

In  the  previous oommuDioatioD  {loe.  eit,,  p.  1044),  (t  was  pointed  out 
that  the  fonnatioD  of  coloured  salts  by  the  colourless  oxime  of  mes- 
ozamide  might  be  explained  by  assuming  a  similar  tautomeric  change  to 
Uke  place,  that  is  to  say,  the  colourless  oxime  and  its  yellow  alkali  salt 
may  be  differently  constituted  thus  : 

OK 

NHj-c:o  NIV^-0 

c:noh  c;n 

NHj-6:0  NHjC.O 

Oxime.  Salt. 

The  present  investigation,  however,  shows  that  another  interpreta- 
tion can  be  given  in  which  no  such  far-reaching  structural  modification 
is  involved.  If  reference  be  made  to  page  24,  it  will  be  seen  that 
the  oxime  of  mesoxamide  itself,  and  three  out  of  the  eight  mono-  and 
di-substituted  derivatives  of  it,  exist  in  two  forms,  one  colourless  and 
the  other  having  the  yellow  colour  of  the  alkali  salt.  Of  the  re- 
maining five,  one  has  so  far  been  obtained  only  in  the  colourless  form, 
and  the  other  four  are  yellow. 

The  isomerism  observed  in  this  series  of  compounds  is  similar  to  the 
"  tautomerism  "  discovered  by  Wislicenus  (/lnna/«/i,  1896,  291,  147)  in 
a- and  /3-ethyl  pheoylformylacetate,  and  to  the  "dynamic  isomerism"  ob- 
served by  Lowry  (Trans.,  1899,  75,  211)  in  nitrocamphorand  irbromo- 
nitrocamphor,  in  so  far  as  the  two  forms  are  mutually  convertible  (1) 
by  the  action  of  solvents,  (2)  by  fusion,  and  (3)  by  the  action  of  acids 
on  solutions  of  the  alkali  salts.  Thus  in  the  case  of  ifonitrosomalon- 
anilide,  in  which  the  isomerism  is  most  clearly  defined,  the  white  iso- 
meride  crystallises  in  brilliant  scales  with  a  pearly  lustre  from  a  solu- 
tion of  ethyl  or  methyl  alcohol,  ethyl  acetate,  acetone,  ether,  or  acetic 
acid,  whilst  from  a  solution  in  benzene  or  chloroform  the  other  iso- 
meride  is  obtained  in  the  form  of  bright  yellow,  prismatic  crystals. 
The  white  isomeride  melts  at  141°,  the  yellow  has  no  apparent  melting 
point,  but  softens  and  turns  white  at  120— 122^  and  melto  at  UP 
There  is  a  third  form  melting  at  1 24",  which  appears  to  be  the  equi- 
librium mixture  of  the  other  two  (compare  Lowry,  loe.  eit.t  p.  234) : 
it  is  obtained  in  tufts  of  |^eedles  of  a  pile  yellow  colour  by  the  rapid 
cooling  of  hot  concentrated  solutions  of  the  yellow  or  white  isomeride 
in  any  solvent  (except  methyl  or  ethyl  alcohol),  or  by  rapidly  cooling 
the  yellow  liquid  obtained  by  the  fusion  of  the  white  variety.    By  long 
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contact  with  the  solvent,  this  form  is  converted  into  the  white  or  yellow 
isomeride  according  to  the  nature  of  the  solvent. 

This  tautomerism,  which  occurs  in  some  of  the  oximes  under  dis- 
cussion, has  an  important  bearing  on  the  question  of  the  colour  of  the 
alkali  salts,  for  it  is  not  unreasonable  to  suppose  that  the  difference  in 
structure  between  the  colourless  and  yellow  forms  of  these  oximes  is 
the  same  as  that  which  obtains  between  the  colourless  oximes  and 
their  yellow  alkali  salts.  According  to  Hantzsch's  hypothesis,  this 
difference  is  due  to  a  structural  change  in  which,  not  only  the  oximino-, 
but  also  the  neighbouring  carbonyl  groups  take  part ;  a  far  simpler 
explanation,  however,  is  afforded  if  it  is  assumed  that  the  structural 
change  affects  the  oximino-group  alone,  the  colourless  isomeride  having 
the  wooximino-structure,  and  the  coloured  form  and  the  alkali  salts 
that  of  the  true  oxime  (compare  Dunstan  and  Goulding,  Trans.,  1901, 
79,  628)  thus : 

NHPh-CO-C'CO-NHPh  NHPh-CO-C-CO-NHPh 

N'OH  '  N-OK 

Yellow  isonitrosomalonaniliile.  Potassium  isonitrosomalonanilide. 

NHPh-CO'C-CO-NHPh 

/\ 
0 — NH 

White  isonitrosoraalonanilide. 

( 1  This  explanation  of  the  difference  in  structure  between  the  coloured 

and  colourless  isomerides  receives  considerable  support  from  the  fact 

that  the  constitution  suggested  for  the  former  contains  the  complex 

-C-C-C-,  which  is  present   in   the   coloured    triketones   and   their 

II  1 1   II  ^ 

coloured  derivatives,  and  thus  belongs  to  that  group  which  Armstrong, 

in  his  classification   of  coloured   organic  compounds,   calls  "  pseudo 

quinonoid  "  {Encyclopcedia  Britannica,  vol.  26,  Art.  CJiemistry,  p.  746) 

The  complex  -C-C-C-,  on  the  other  hand,  which  occurs  in  the  colour 
less  oxime  is  characteristic  of  the  colourless  derivatives  of  triketones 
such  as  diphenyltriketone  (Pechmann  and  de  Naufville,  Ber.,  1890 
23,  3379),  triketopentane  (Sachs  and  Barschall,  j5er.,  1901,34,  3047) 
and  phenyltriketobutane  (Sachs  and  Rbhmer,  Ber.y  1902,  35,  3307). 

Finally,  this  explanation  of  the  formation  of  coloured  alkali  salts 
by  a-oximinoketones  can  be  extended  to  the  cases  of  ^the  yellow  alkali 
salts  of  nitrosoguaoidine  and  nitrosocarbamide  (p.  31),  to  which 
Hantzsch's  hypothesis  cannot  be  applied. 

Passing  now  to  a  consideration  of  the  formation  of  ferrous  salts  of 
characteristic  colour  by  a-oximinoketones  and  dioximes,  no  satisfactory 
explanation  of  this  colour  reaction  presents  itself.  With  the  exception 
of  the  soluble  ferrous  potassium  salt  of  the  oxime  of  mesoxamide,  the 
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,,.lox 
iron  coin{x>und   oi  nno  or    fulininic    ncul  N\«f 

(  '        '    ■.   189-t,  '2^^,    ..«.>),  which  appears  to  1  ''v 

itiou  to  fiiliuinic  acid  that  Prussian  bli 

:  the  fairly  lar^^  and  representative  number  of  a-oximino- 
vhich  have  been  examined  in  respect  of  their  behaviour  with 
'  '  ite  and  an  alkali,  one  only,  /3-benzilmonoxime,  has  failed 
t    ^  >lour  reaction,  whilst  among  the  oximos,  isomerism  again 

seems  to  play  an  important  part  in  this  connection.  The  extension  of 
the  investigation  to  a  large  number  of  isomeric  mono-  and  di-oximes 
may  possibly  throw  some  light  on  this  subject,  and  show  how  far 
ferrous  sulphate  and  an  alkali  is  a  reagent  capable  of  discriminating 
between  the  isomerides. 

In  conclusion,  reference  must  be  made  to  a  few  compounds  not 
belonging  to  the  oximinoketones  or  to  the  dioximes,  which  giv6  a 
purple  or  blue  coloration  with  ferrous  sulphate  and  an  alkali.  These 
include  alloxan  and  its  mono-  and  di-alkyl  derivatives,  which  give  a 
bine  colour  with  the  reagents.  Ethylnitrolic  acid,  which  forms  red 
alkali  salts  (Meyer  and  Constam,  Annale7if  1882,  214,  329),  was 
found  to  give  a  characteristic  chocolate-brown  coloration  on  the  addition 
of  ferrous  sulphate  to  the  alkaline  solution.  Nitrosoguanidine  and 
nitrosocarbamide*  each  give  a  yellow  alkali  salt  and  a  purple- red 
colour  with  ferrous  sulphate  and  an  alkali  (Thiele,  Annaletif  1893, 
273,  133  ;  1895,  288,  303). 

Experimental. 
I.    Yellow    Variety  of  the   Oxime  oj   Aiesoxamide, 

In  the  original  preparation  of  the  oxime  of  mesoxamide  (Trans., 
1900,     77,     1040),    gaseous     nitrosyl     chloride     was    passed    into 

*  From  the  constitution  ascribed  to  these  compounds  by  Tliielc,  the  aridic 
hydrogen  is  iminic,  and  the  ealts  of  a  totally  different  constitution  from  those  of 
thf  large  class  of  oximes  considered  in  this  paper,  with  which  they  are  so  closely 
alii.. I  in  colour.  If,  however,  the  salts  of  these  compounds  were  derived  from 
tautomeric  forms  of  the  original  substances, 

N:N-OH  N:X-OH 

6:NH  and  C:0       , 

kNH,     ^  NH, 

n  which  the  grouping  :X*OH  is  present,  they  would  come  into  line  with  thoee 
{escribed  in  this  paper,  and  it  is  worthy  of  note  in  this  connection  that  Hantzaeh 
Iter.,    1899,    32,     592)    classes    nitrosourethane   with    the   an/idiazohydroxides. 
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finely  powered  malonamide  suspended  in  chloroform  or  ether  ;  the 
yield  of  the  oxime  was  so  poor,  owing  to  the  fact  that  neither  the 
malonamide  nor  the  oxime  was  appreciably  soluble  in  the  medium, 
that  the  use  of  nitrosyl  chloride  was  abandoned  in  favour  of  the  nitrous 
gases  evolved  by  the  action  of  nitric  acid  (sp.  gr.  1*3)  on  arsenious 
oxide,  which,  acting  on  malonamide  in  concentrated  aqueous  solution, 
gave  the  oxime,  the  yield  being  40  per  cent,  of  the  theoretical. 

Later  work  on  the  substituted  malonamides  having  shown  that  a 
quantitative  yield  of  the  oxime  could  be  readily  obtained  by  the 
action  of  nitrosyl  chloride  in  a  medium  in  which  either  the  amide  or 
the  oxime,  or  both,  wer''  soluble,  the  action  of  nitrosyl  chloride  on 
malonamide  in  various  organic  solvents  was  examined.  In  acetic 
acid,  ethyl  acetate,  methyl  alcohol,  or  ethyl  alcohol,  in  which  the 
amide  is  sparingly,  and  the  oxime  readily,  soluble,  the  reaction  pro- 
ceeded far  more  readily  than  had  been  observed  in  the  case  when 
chloroform  was  the  medium  employed.  A  remarkable  difference, 
however,  was  observed  in  the  products  obtained  under  these  new  con- 
ditions, for  whereas  the  oxime  obtained  from  the  ethyl  acetate  and 
methyl  alcoholic  solutions  was  colourless  and  coincided  in  properties 
with  that  previously  obtained,  the  product  of  the  action  of  nitrosyl 
chloride  on  malonamide  in  alcoholic  solution,  although  agreeing  in 
chemical  properties  with  the  original  oxime,  differed  from  it  in 
possessing  a  bright  yellow  colour. 

The  yellow  isomeride  is  readily  soluble  in  water,  forming  a  yellow 
solution,  which  gives,  with  potash  and  ferrous  sulphate,  the  rich  violet 
coloration  characteristic  of  the  oxime  of  mesoxamide.  It  is  sparingly 
soluble  in  alcohol  or  ethyl  acetate,  more  readily  so  in  acetone  or 
glacial  acetic  acid,  and  crystallises  from  each  solvent  in  bright  yellow, 
prismatic  crystals.  After  recrystallising  once  from  absolute  alcohol 
and  twice  from  slightly  moist  alcohol,  it  was  obtained  in  bright  yellow, 
prismatic  crystals,  melting  with  decomposition  at  187 — 188°; 

01 162  gave  3195  c.c.  moist  nitrogen  at  17°  and  763  mm.     N  =  3206. 
CgHftOgNg  requires  N  =  3211  per  cent. 

The  two  forms  of  the  oxime  appear  to  yield  identical  salts,  and  from 
the  potassium  salt  of  the  yellow  variety  the  colourless  oxime  is  formed 
by  the  action  of  dilute  acids. 

The  ethyl  ether  was  prepared  from  the  silver  salt  of  the  yellow  form 
by  the  action  of  ethyl  iodide  ;  it  is  identical  with  the  corresponding 
derivatives  of  the  white  oxime,  is  colourless,  melts  at  150°,  and  does 
not  depress  the  melting  point  of  the  original  ether. 

The  eilver  salt,  (CO'NH,)jC:N*OAg,2NH3,  is  precipitated  by  the 
addition  of  silver  nitrate  to  an  aqueous  solution  of  the  yellow  or  white 
variety  of  the  oxime  containing  a  little  ammonia ;  the  precipitate 
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iHSolvAs  readily  in  exc«»a  of  iiaimonia,  and  from  tho  »olution  by  slow 
vaporatiOD  the  salt  is  obtained  in  well  formed,  det»p  yellow,  prisinatio 
lysUls,  coDtaining  two  moU.  of  ammonia,  which  it  loses  partially 

in  a  deeiooator  over  sulphuric  acid,  and  completely  when  heated  at 

IO(y>: 

I.  0-4529,  dried  in  air,  gave  01800  Ag.     Ag- 39-76  per  cent 

C,H^0,N,Ag,2NH,  requires  Ag-39-65  per  cent. 

II.  Specimen  kept  in  desiccator  for  three  days  : 

0-5004  lost  0  Or»S7  at  100^    nn,?  pave  0*2002   Ag.     NH  =11-70. 
\g-.45  32.  * 

^s^A^s-'^^j'-'^IVi  regimes  NH3=  12*55  j>cr  cent. 
^'3^'4^^3^8'^g  requires  Ag  =  45-32  j>er  cout. 

II.  Malondimethylamide. 

>[alondimethyI)imide  was  prepared  by  Freund's  method  {Ber.,  1884, 
17,  134)  from  ethyl  malonate  and  a  eolation  of  methylamine  (33J  per 
cent.).     On  mixing  the  two  liquids,  there  was  a  development  of  heat 
and  the  ethyl  malonate  readily  passed  into  solution.     The  mixture 
was  shaken  for  six  hours  and  then  evaporated  on  the  water-bath  to  a 
niall  bulk ;  on  cooling,    malondimethylamide   crystallised    out,  and 
!  om    the   mother  liquor   by   further   evaporation   a   second   crop   of 
rystals  was  obtained.     The  product  was  pure  (m.  p.  135°;  Freund 
gives  128®),  and  the  yield  78  per  cent,  of  the  theoretical.     Malondi- 
methylamide is  very  readily  soluble  in  acetone,  acetic  acid,  ethyl  or 
methyl  alcohol,  or  chloroform,  but  less  so  in  ethyl  acetate,   sparingly 
so  in  benzene,  and  insoluble  in  carbon  tetrachloride,  ether,  or  light 
petroleum  ;  it  can  be  most  readily  crystallised  from   ethyl  acetate  or 
acetone. 

iaoXUrosomalondimethylaniidey  (C0-NH-CH3),C:N-0H.— Malondi- 
methylamide  in  solution  is  very  readily  converted  into  the  ifonitroso- 
derivative  by  the  action  of  gaseous  nitrosyl  chloride  at  0^  Chloro- 
form is  the  most  convenient  solvent  in  which  to  efifect  the  reaction  ; 
the  product  is  pure  wonitrosomalondimethylamide  melting  at  157®, 
and  the  yield  is  theoretical. 

The  Monitrosomalondimetbylamide  thus  prepared  is  identical  with  the 

compound  obtained  by  the  decomposition  of  dimethylvioluric  acid  with 

barium  hydroxide  ;  it  crystallises  in  the  characteristic  monosymmetric 

risms,  and  gives  the  yellow  alkali  and  the  purple  ferrous  salt  (eee 

this  vol.,  page  22). 
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III.  Malonanilide. 

Malonanilide  was  prepared  by  Freund  {Ber.f  1884,  17,  134)  by  the 
condensation  of  aniline  and  ethyl  malonate.  By  a  slight  modification 
of  the  method,  a  yield  of  81  per  cent,  of  the  theoretical  was  obtained 
and  the  product  was  pure  (m.  p.  225°;  Freund  gives  223°).  The 
aniline  and  ethyl  malonate  were  heated  to  gentle  boiling  in  a 
reflux  apparatus  for  5  hours  ;  on  cooling,  a  large  quantity  of  malon- 
anilide separated  in  long,  silky  needles ;  these  were  collected,  the  mother 
liquor  and  alcohol  washings  concentrated  to  remove  the  alcohol,  and 
boiled  until,  on  cooling,  the  contents  of  the  flask  became  solid  )  the 
Bolid  cake  was  then  broken  up,  ground  with  alcohol,  filtered,  washed, 
dried,  and  used  in  the  preparation  of  the  Monitroso-derivative. 

isoNitrosomaloTianilidef  (CO'NH'C6H5)2CIN'OH. — All  attempts  to 
prepare  t^onitrosomalonanilide  by  the  action  of  nitrous  acid  on  malon- 
anilide were  fruitless.  Owing  to  its  insolubility  in  water,  acids,  or 
alkali,  malonanilide  is  not  acted  on  by  potassium  nitrite  and  sulphuric 
acid,  and  it  is  unchanged  when  suspended  in  water  and  submitted  to 
the  action  of  a  stream  of  nitrous  gases  from  arsenious  oxide  and  nitric 
acid.  When  sealed  in  a  tube  with  the  liquefied  gases,  no  wonitroso- 
compound  could  be  separated  from  the  mixture.  Amyl  nitrite  or 
ethyl  nitrite  has  no  action  on  the  compound. 

isoNitrosomalonanilide  was,  however,  readily  prepared  from  malon- 
anilide by  the  action  of  nitrosyl  chloride.  The  malonanilide  was  sus- 
pended in  chloroform,  in  whicU  it  is  insoluble,  and  a  stream  of 
nitrosyl  chloride  passed  through  the  mixture  until  all  the  solid  had 
passed  into  solution  and  the  liquid  was  saturated  at  0°  with  the  gas.  By 
spontaneous  evaporation,  {«onitrosomalonanilide  was  obtained  as  a 
yellow,  crystalline  solid  melting  at  124°;  the  product  was  pure  and 
the  yield  quantitative.  The  substance  is  very  readily  soluble  in 
benzene,  chloroform,  acetone,  ethyl  acetate,  or  methyl  alcohol,  but 
less  80  in  alcohol,  acetic  acid,  or  carbon  tetrachloride,  and  dissolves 
only  sparingly  in  ether,  light  petroleum,  or  water.  It  crystallises 
from  a  hot  concentrated  alcoholic  solution  in  the  form  of  pure  white, 
crystalline  scales  with  a  pearly  lustre  ;  chloroform  solutions  on  com- 
plete evaporation  deposit  bright  yellow,  prismatic  needles ;  from  a 
concentrated  benzene  solution,  pale  yellow  needles  separate,  which, 
when  loft  in  contact  with  the  solvent  for  several  days,  slowly  change 
into  well  formed,  thick,  flat  prisms  of  a  bright  yellow  colour.  From 
ethyl  acetate,  methyl  alcohol,  ether,  or  acetic  acid,  on  slow  evapora. 
tion,  the  white,  pearly  scales  are  deposited,  and  the  crust  on  the  walks 
of  the  vessel  is  a  mixture  of  yellow  and  white  crystalline  matter. 

J^ect  of  Fusiaih, — When  the  white  isomeride  of  itonitrosomalon- 
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Rntlid«  it  li«ai«d  in  a  (mpilUry  tube,  it  softens  and  beoomes  jellow  at 
138— HO*',  and  melta  to  a  yellow  liquid  at  Ur  ;  on  oooling gradually, 
the  yellow  liquid  solidifies  to  a  mixture  of  white  and  yellow  crystalline 
matter.  When  the  mixture  is  reheated,  the  yellow  portion  meltn  at 
134^  and  the  white  remains  floating  in  the  yellow  liquid  until  tho 
temperature  reaches  141^  when  it  also  melts.  If  the  yellow  liquid 
formed  by  the  melting  of  the  white  isomeride  at  141°  is  rapidly 
iHX>led,  ,the  solid  product  appears  to  be  uniformly  yellow,  and  on 
i-apidly  heating  melts  completely  at  124^  The  flat,  yellow  prisms 
formed  by  the  prolonged  action  of  benzene  on  the  yellow  needles  also 
beoome  white  at  120—122^  and  melt  at  141°. 

It  ia  mdent  from  these  facts  that  uonitrosomalonanilide  exists  in 
tautomerio  forms,  one  yellow  and  one  white,  differing  in  solubility  and 
melting  point.  The  yellow  needles  melting  at  124°  appear  to  be  the 
equilibrinm  mixture  of  the  two  isomerides. 

The  specimen  used  for  analysis  was  white  and  melted  at  141°: 

0*2334  gave  30*8  c.c.  moist  nitrogen  at  24°  and  766  mm.     N  - 14'98. 
CjjHjjOjNj  requires  N*  14*86  per  cent. 

The  poUusium  salt,  (C0'NH*CgH5),C:N-0K,  crysUllises  in  long, 
thin,  silky  needles  of  a  bright  yellow  colour,  and  is  readily  soluble  in 
hot  alcohol  or  water  : 

0-2434,  dried  at  100°,  gave  0*0650  K^SO,.     K  =  1 1  98. 
CjjHjjOjNjK  requires  K«  12*17  per  cent. 

Regttieration  of  the  iso Xilroso-dertvative  from  the  Potassium  Sail, — 
Carbon  dioxide  was  passed  through  an  aqueous  solution  of  the 
potassium  salt  until  no  further  precipitate  was  produced.  The 
precipitate,  which  was  white  in  colour,  was  filtered  off,  washed,  and 
dried  ;  it  melted  at  140°  to  a  yellow  liquid,  which  solidified  to  a  yellow 
solid  and  then  melted  at  124°.  Sulphuric  acid  or  acetic  acid  also  pre- 
cipitated the  white  isomeride  from  solutions  of  the  alkali  salt. 

The/«rrota  salt,  [(CO-NH'CgH5)2C:NO],Fe,  was  precipitated  in  the 
form  of  a  dark  blue  solid,  not  unlike  Prussian  blue,  when  ferrous 
sulphate  solution  was  added  to  an  aqueous  solution  of  the  potassium 
•alt;  it  was  not  possible  to  recrystallise  it  owing  to  its  insoluble 
nature,  so  for  the  purpose  of  analysis  it  was  well  washed,  dried  in  a 
vacuum  over  sulphuric  acid,  and  finally  at  100°: 

0-2404  gave  00319  FojO,.     Fe  =  9*29. 

IC^H^O^N^e  requires  Fe  -  9*03  per  cent. 
Acid  saver  SaU,  (CX)-NH-CeH5),C:N-OAg,(CO-NH-CJl4)2C:N-OH. 
— By  the  action  of  aqueous  silver  nitrate  on  an  alcoholic  solution  of 
iionitrosomalonanilide,  a  yellow  silver  salt  was  obtained  as  a  flocculent 
k  D  2 
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precipitate.  Before  analysis,  it  was  extracted  two  or  three  times 
with  boiling  alcohol  to  remove  traces  of  unchanged  Monitrosomalon- 
anilide : 

02559  gave  0-0413  Ag.     Ag«1615. 

CgoHjjOgNgAg  requires  Ag=  16*03  per  cent. 


IV.  Malondi-^-tolylamidey  CH,(CO-NH-C7H7)2. 

This  compound  was  prepared  by  Guthzeit  and  Laska  (/.  pr.  CJiem.y 
1898,  [ii],  68,  414)  by  the  action  of /)-toluidine  on  the  triethyl  ester  of 
isaconitio  acid,  CO.,Et'CH:CH:*CH(C02Et)2,  and  is  described  as  crys- 
tallising well  from  alcohol  in  silky  needles  and  melting  at  248°. 

For  the  purpose  of  this  investigation,  it  was  more  readily  prepared 
by  the  condensation  of  ethyl  malonate  and  yj-toluidine,  the  operation 
being  conducted  as  in  the  case  of  the  anilide  derivative.  The 
/)-toluidine  dissolved  readily  in  the  ethyl  malonate,  much  heat 
being  absorbed.  The  product  was  pure,  melting  at  250°,  and 
the  yield  53  per  cent,  of  the  theoretical.  Malondi-/?-tolylamide  is 
sparingly  soluble  in  alcohol  or  ethyl  acetate,  but  readily  so  in  acetic 
acid  ;  it  was  therefore  recrystallised  from  a  mixture  of  ethyl  acetate 
and  acetic  acid,  and  obtained  in  the  form  of  brilliant  scales  with  a 
pearly  lustre. 

FAhyl  Mal(m-^-tohjlamate,  C7H7-NH-CO-CH2-C02-C2H5.— The  resi- 
dual alcoholic  mother  liquor  from  the  preparation  of  malon-/)-tolyl- 
amide  deposited  on  evaporation  large,  prismatic  crystals,  which,  after 
recrystallisation  from  alcohol  and  water,  melted  at  86°.  By  its  solubility 
and  appearance,  the  substance  was  identified  with  the  malon-/^tolyl- 
amate  prepared  by  RUgheimer  and  Hoffmann  {Ber.y  1885,  18,  2975) 
from  malon-;>-tolylamic  acid,  but  they  do  not  give  the  melting  point. 

isoNil/rosonialondi-^tolylamidey  (CO'NH'C7Hy)2*C:N-OH.  —  The 
malondi-/>tolylamido  was  suspended  in  chloroform,  in  which  it  was 
insoluble,  and  saturated  at  0°  with  nitrosyl  chloride ;  the  solid  dis- 
soWed  completely,  and  the  resulting  yellow  solution  yielded  on  spon- 
taneous evaporation  the  t^onitroso- derivative  in  the  form  of  a  crystal- 
line, pale  yellow  solid  melting  at  170 — 171°.  It  is  readily  soluble  in 
methyl  alcohol,  ethyl  acetate,  acetone,  acetic  acid,  benzene,  chloro- 
form, or  carbon  tetrachloride,  but  less  so  in  ethyl  alcohol  or  toluene, 
and  only  sparingly  so  in  ether  or  light  petroleum.  The  recrystallised 
product  consists  usually  of  yellow  scales  or  flattened  needles  melting 
at  170 — 171°;  from  a  methyl  alcohol  solution,  however,  the  product 
separates  almost  entirely  in  pure  white  needles,  which,  on  being  heated, 
change  to  a  yellow  colour  at  about  150°  and  melt  at  170—171°. 
Traces  of  the  white  isomeride  are  also  formed  on  complete  evaporation 
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of  9oiuiions  lu  1  .  aottone,  or  carbon  Utre- 

ehloride : 

01994gaT6S31)o.c.  moist  nitrogen  at  23 'S^*  and  765  mm.  N- 13*57. 
OirHiyOgN,  requires  N-  13*53  per  cent. 

Thft  iMtaMtMNi  salt,  (00*NH*C7H7)jC:N*OK,  is  a  pale  yellow,  ory*- 
talliiM  •olid,  deposited  in  the  form  of  clusters  of  fine  needles  from  a 
ooDoentrated  hot  alcoholic  solution  : 

0  3073  gave  0*0766  K^SO^.     K  - 1 1  *19. 

C,-H,jOjNjK  requires  K-  11*19  per  cent. 

R$gt9mrUi4>n  qf  the  isoyiiroso-derivative  from  the  PoUusium  Salt. — 
From  aqueous  solutions  of  the  potassium  salt,  carbon  dioxide  pre- 
cipitated the  white  isomeride,  whilst  dilute  sulphuric  or  acetic  acid 
precipitated  the  yellow. 

The/erraua  salt  is  thrown  down  as  a  dark  blue  precipitate,  indistin- 
guishable in  appearance  from  the  corresponding  compound  of  uonitroso- 
malonanilide,  when  ferrous  sulphate  is  added  to  an  aqueous  solution 
of  the  potassium  salt. 

Acid  SUver  Salt,  (CO-NH-C7H7)2C:N-OAg,(CO-NH-C7H.),C:N*OH. 
— This  is  obtained  as  a  pale  yellow,  flocculent  precipitate  when  silver 
nitrate  solution  is  added  to  an  alcoholic  solution  of  the  tfonitroso- 
compound : 

0-2750  gave  00414  Ag.     Ag  =  15*06. 

Cj^HjjOgNgAg  requires  Ag=  14*79  per  cent. 

V.  Malonmono-p-tolylamide,  C^H^-NH-CO-CHj'CO-NH^ 

Thirty  grams  of  ethyl  malonate  (1^  mols.)  and  15  grams  of  p-toluidine 
(1  mol.)  were  heated  to  gentle  ebullition  in  a  reflux  apparatus  for  1 2  hours, 
100  C.C.  of  ammonia  solution  (sp.  gr.  0*88)  added  to  the  cooled  product, 
the  flask  corked,  and  the  contents  repeatedly  shaken  during  two  days. 
The  semi-solid  mass,  when  allowed  to  evaporate  spontaneously,  yielded 
40  grams  of  a  crystalline  solid  consisting  of  a  mixture  of  17  grams  of 
malonamide,  1*5  grams  of  7>-toluidine,  14  grams  of  malonmono-/>-tolyl- 
amide,  and  4*5  grams  of  malondi-^-tolyUmide.  These  were  readily 
separated  by  taking  advantage  of  their  difference  in  solubility. 

The  malonmono-/>-tolylamide  consisted  of  white,  crystalline  toalss 
with  a  pearly  lustre,  readily  soluble  in  alcohol  and  the  ordinary  orfaoie 
solvents,  and  crystallising  well  from  a  mixture  of  water  and  alcohol 
(about  6:1).     It  melted  at  144"^  with  slight  decomposition. 

The  substance  contains  half  a  molecular  proportaon  of  wat«r  of 
crystallisation,  which  it  loses  when  dried  at  100^,  ths  oryitalt  bsoominf 
dull  and  opaque : 
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0-1723  lost  002 14  11. />  ui  iou  .     iLu  =  4-53. 

C,oH,202N2,ilI.p  requires  U^0  =  i'i7  per  cent. 

The  hydra  ted  compound  becomes  strongly  electrified  by  pressure  or 
friction  ;  the  dehydrated  compound  has  not  this  characteristic. 

The  anhydrous  form  of  malonmono-/)-tolylamide  melts  at  163 — 164° 
with  slight  decomposition  : 

0-1935  gave  23*9  c.c.  moist  nitrogen  at  165°  and  765  mm.    N  =  14-46. 
CiolIjjO^Nj  requires  N  =  1461  per  cent. 

isoNilrosmialonvKmo-^tolylamide,  C7H7*NH*C0'C(C0'NH2):N'0H 
— A  quantitative  yield  of  the  isonitroso-derivative  was  obtained  from 
the  amide  by  suspending  it  in  chloroform  and  saturating  it  at  0°  with 
nitrosyl  chloride  ;  the  solid  did  not  appreciably  pass  into  solution,  but 
changed  in  appearance  from  white  to  yellow.  On  spontaneous  evapora- 
tion of  the  chloroform,  a  pale  yellow,  crystalline  residue  was  obtained, 
which  was  the  wonitroso-derivative.  It  dissolves  readily  in  alcohol  or 
ethyl  acetate,  crystallising  from  a  hot  solution  of  the  latter  in  the  form 
of  brilliant,  prismatic,  lemon-yellow  crystals  melting  at  183°  with 
slight  decomposition.  The  white  isomeride  of  this  compound  has  not 
yet  been  isolated ;  from  solutions  in  any  of  the  ordinary  organic 
solvents  only  the  yellow  form  is  obtained : 

0*1694  gave  28  c.c.  moist  nitrogen  at  18*5° and  758  mm.  N  =  1900. 
CjoHnOgNa  requires  N  =  19*03  per  cent. 

The  t^onitroso-derivative  is  soluble  in  alkali  containing  a  little 
alcohol,  the  alkali  salt  separating  on  evaporation  in  the  form  of 
needle-shaped  crystals  of  a  deeper  yellow  colour  than  the  wonitroso- 
compound. 

Regeneration  of  Uie  isoXitrosoderivalive/ram  the  Potassium  Salt. — The 
potassium  salt  of  isonitrosomalonmono-j!>-tolylamide  is  very  readily 
soluble  in  water,  forming  a  solution  of  a  deep  yellow  colour.  When 
this  solution  is  treated  with  carbon  dioxide  or  sulphuric  or  acetic  acid, 
it  becomes  perfectly  colourless,  and  from  the  clear,  colourless  liquid  the 
t^onitroso-derivative  slowly  separates  in  the  form  of  the  characteristic 
yellow  prisms.  This  result  is  of  especial  interest  as  serving  to  show 
that  although  the  white  isomeride  of  this  compound  cannot  be 
separated  in  the  solid  form  it  does  exist  in  acidified  aqueous  solutions. 

Ferrous  Salt, — A  solution  of  the  alkali  salt  gives,  with  ferrous  sul- 
phate, an  intense  bluish-purple  coloration  and  precipitate.  The 
shade  of  colour  of  the  ferrous  salt  is  interesting,  being  intermediate 
between  the  deep  blue  of  the  t«onitrosomalondi-p-tolylamide  compound, 
and  the  violet  colour  of  the  i^onitrosomalonamide  salt,  and  shows  that 
the  colour  is  influenced  by  the  nature  of  the  radicles  replacing  the 
hydrogen  of  the  amido-groups. 


4vn  SOME  ALLIBD  COMPOf^viw       v»«  ' 


V!.  Sralond%-<htolyiamid$,  CU,(CX)-N11C\II.)^ 

MAlondi-o-tolyUmide  was  made  by  the  same  metho<l  as  that  used 

n    obUiDiog    the  /htolylamide»    o-toluidiDo    being    substituted   for 

'oltiitiino.    The  oondensation  was  effected  much  more  quickly  and 

:n\\v:v\y  than  in  the  case  of  the  /Mtti-oompound.     The  product  was 

A  white,  crystalline  solid  melting  at  193°,  and  the  yield  71  per  cent,  of 

the  theoretical.     It  was  sparingly  soluble  in  alcohol  or  ethyl  acetate, 

•ut  readily  so  in  glacial  acetic  acid.     When  recrystallised  from  a  mix- 

.lire  of  ethyl  acetate  and  glacial  acetic  acid,  it  was  obtained  in  the 

lorm  of  long,  silky  needles  with  a  pearly  lustre  and  melted  at  103"^ : 

0*2303  gave  19-4  c.c.  moist  nitrogen  at  19''  and  780  mm.     N-994. 
Cj^HigOjNj  requires  N«9*94  per  cent. 

VBoNUrmomaiondio-tolj/lamitU,  (C0*NH-C7H7),C:N*0H.— The  con* 
version  of  the  amide  into  the  i«0Ditroso-derivative  is  effected  readily 
and  quantitatively  by  the  method  employed  in  the  case  of  the  anilide 
and  />-toIylamide  compounds,  namely,  by  saturating  finely-powdered 
malondi-o-tolylamide  suspended  in  chloroform  with  nitrosyl  chloride 
at  0°.  isoNitrosomalondi-o-tolylamide  is  very  readily  soluble  in  all  the 
ordinary  organic  solvents,  and  crystallises  well  from  ethyl  alcohol  or 
light  petroleum  in  the  form  of  fine,  bright  yellow  needles.  The 
ellow  variety  is  obtained  from  solutions  of  other  solvents  with 
the  exception  of  methyl  alcohol,  which  yields  also  the  white  variety  in 
the  form  of  tufts  of  white  needles.  The  yellow  isomeride  melts  at 
UP,  the  white  changes  to  the  yellow  at  about  75°  and  melts  at  111° : 

0-2150  gave  247  cc.  moist  nitrogen  at  20*5°  and  779*5  mm.  N  - 13*46. 
Ci^Hi^OjNj  requires  N  =  13*52  per  cent. 

The  potassium  salt,  (CO-NH-07H7)jC:N-OK;  is  soluble  in  water  and 
slightly  so  in  alcohol,  crystallising  from  a  mixture  of  water  and 
alcohol  (2 : 1)  in  the  form  of  thin  needles  of  a  rich  yellow  colour  : 

0*2645,  dried  at  110°,  gave  00640  K^^.     K -  10*86. 
Cj^HjgOjNjK  requires  K-  HI  9  per  cent. 

BegenenUian  of  the  isoNUrosoiUrivative  from  the  Polaeeium SalL-^ 
Carbon  dioxide  or  dilute  sulphuric  or  acetic  acid  precipiUtes  the 
yellow  isomeride  from  aqueous  solutions  of  the  potassium  salt. 

The /errouf  salt  is  thrown  down  as  a  precipitate  of  a  rich  dark  blM 
olour  when  ferrous  sulphate  is  added  to  a  solution  of  the  potatsiom 
salt. 

JStkyl  Malon^tolyiamaU,  C^H/NH-C^-CHj-COjCjH,.— The  finsl 
alcoholic  mother  liquor  from  which  the  malondi-o-tolyUmidt  had  been 
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separated  yieldod  on  evaporaiion  wen  lormed,  prismatic  crystals  in 
stellate  clusters.  When  recrystalHsed  from  alcohol  and  water,  these 
melted  at  78°,  and  were  identified  as  ethyl  malono-tolylamate  origin- 
ally prepared  by  llUgheimer  and  Hoffmann  (/?er.,  1885, 18,  2975)  from 
malon  o-tolylamic  acid,  who  give  73 — 74°  as  the  melting  point.  The 
substance  was  prepared  in  larger  quantity  by  heating  a  mixture  of 
ethyl  malonate  and  o-toluidine  in  molecular  proportion.  A  mixture 
of  5  grams  of  malondi-o-tolylamide  and  16  grams  of  ethyl  malon  o- 
tolylamate  was  obtained  from  16  grams  of  ethyl  malonate.  The  two 
were  readily  separated  by  extraction  with  boiling  ether,  in  which  the 
ethyl  malon-otolylamate  is  soluble. 

Ethyl  \&onitro8ovialon-o-tolylamate,  C7H7'NH-C0-C(C02C2H5):N-0H. 
— By  the  action  of  nitrosyl  chloride  on  ethyl  malon-o-tolylamate  in 
chloroform  solution  at  0°,  a  quantitative  yield  of  the  wonitroso  deriva- 
tive is  obtained  in  the  form  of  tufts  of  yellow  needles.  The 
compound  is  very  readily  soluble  in  all  the  ordinary  organic  solvents, 
and  does  not  crystallise  well  from  any  of  them.  It  separates,  however, 
from  a  mixture  of  alcohol  and  water  in  tufts  of  beautiful,  long,  pale 
yellow  needles  melting  at  140 — 141°  : 

0-2448  gave  23-1  c.c.  moist  nitrogen  at  165°  and  778  mm.  N  =  ll-23. 
C12H14O4N2  requires  N  =  1 1  -22  per  cent. 

The  compound  is  soluble  in  aqueous  potash,  forming  a  bright  yellow 
solution,  the  colour  changing  to  a  rich  bluish-purple  on  the  addition  of 
ferrous  sulphate. 

VII.  Malondva-naphthylamide,  CH2(CO-NH-C,oH7)2. 

Seventeen  grams  of  a-naphthylamine  (2  mols.)  and  10  grams  of  ethyl 
malonate  (1  mol.)  were  heated  to  gentle  ebullition  in  a  reflux  apparatus 
for  5  or  6  hours ;  on  cooliug,  the  contents  of  the  flask  became  solid. 
After  grinding  the  product  with  alcohol,  filtering,  and  washing,  165 
grams  of  the  amide  were  obtained,  or  75  per  cent,  of  the  theoretical. 

Malondi-a-naphthylamide  is  very  sparingly  soluble  in  alcohol,  chloro- 
form, ethyl  acetate,  or  benzene,  but  fairly  so  in  toluene  and  in  glacial 
acetic  acid.  It  crystallises  from  acetic  acid  in  tufts  of  pale  red  needles 
melting  at  225° : 

0*3216  gave  21  *8  c.o.  moist  nitrogen  at  18°  and  763  mm.     N «-  7*86. 
OjjHjgOjNj  requires  N«7*92  per  cent. 

i8oA^t<iv«ama/<m£ii-o7ia;)AMy/amici«,(CO«NH'CioH7),C:N*OH.--Malon- 
di-a-naphthylamide  is  completely  converted  into  the  i«onitroso-deriva- 
live  when  suspended  in  ethyl  acetate,  xylene,  or  toluene,  and  satur- 
ated with  nitrosyl  chloride  at  the  temperature  of  melting  ice.  After 
evaporating  the  product  to  dryness  and  washing  with  alcohol,  the 
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oliUiood  «M  a  dark  oraogt,  oryaUlUno  iicilid, 

ityl   AoeUte  or  gUeial   amUo  acid,  but  tnorti 

oluble  in  alcohol,  and  roadily  bo  in  bentene,  tolueno,  or  xylano  ;  it 

rystallifM  from  toluene  in  bright  orange  prisms  and  melts  at  184'^ : 

0*S51S  ga^SS'5  &o.  moii«t  nitrogen  at  IS*?*  and  752  mm.  N  -  10*68. 
C„H„0,N,  requires  N  -  10-98  per  cent 

The  ppiamum  salt,  (CO-NH-C,oHy),C:N-OK,  crysUllises  in  thin 
orange-bellow  needlei,  and  is^sparingly  soluble  in  water,  but  dissoWes 
readily  in  alcohol  or  ethyl  acetate.  For  analysis,  it  was  crvsLilIiiicd 
from  alcohol : 

0-3128,  dried  at  120^,  gave  00637  KjSO^.     K  =  9  14. 
CjjHjjOjNjK  requires  K-9*28  per  cent. 

VIII.  Malondi-p-naphlhylaviide,  CVLJfiO*^K'C^^\i-j)^ 

The  condensation  of  ethyl  malonate  and  ^naphthylamine  is  readily 
ffected  by  heating  the  substances  in  the  requisite  proportion  in  a 
1  i-flux  apparatus  ;  the  solid  product  separates  from  the  boiling  mixture 
as  a  cmst,  and  the  yield  is  95  per  cent,  of  the  theoretical. 

After  washing  with  alcohol,  the  product  is  a  white,  crystalline  powder 
which  ean  be  used  in  the  preparation  of  the  wonitroso-derivative  without 
recrystal  lisa  t  ion . 

Malondi/3-naphthylamide  is  sparingly  soluble  in  alcohol,  acetone, 
ethyl  acetate,  light  petroleum,  benzene,  toluene,  or  xylene,  crystallising 
from  each  of  these  solvents  in  long  needles ;  it  is  more  readily  soluble 
in  glacial  acetic  acid,  crystallising  from  a  boiling  solution  in  white  lealet 
with  a  brilliant,  pearly  lustre.  It  melts  at  235°  to  a  yellow  liquid  ani 
immediately  solidifies  to  a  yellow,  crystalline  solid  which  does  not 
melt  at  300*",  but  chars  at  the  edges : 

0-3198  gave21-9c.c.  moist  nitrogenat  19'' and  766  mm.     N->7*93. 
C^HjgOjN,  requires  K  =»  7*92  per  cent. 

i&oXUronmaionduP'naphUiylamide,  (CO*NH'C,oU7),C:N«OH.— Tho 
insoluble  nature  of  nudondi-/3-naphthylamide  made  it  difficult  to  find 
a  medium  in  which  the  Monitroso-derivative  could  be  produced  by  the 
action  of  nitrosyl  chloride.  Preliminary  experiments  with  most  of 
the  organic  solvents  showed  that  in  ethyl  acetate  or  tolaene  the  reee- 
on  was  more  complete  than  in  any  other  solvent ;  the  products  ob* 
uiined  in  the  two  cases  were  different,  and  in  neither  case  was  a  good 
yield  obtained.  The  prodbct  obtained  by  the  use  of  toluene  was  a 
pale  yellonr,  crystalline  solid  melting  with  slight  decomponiaiMial  319^. 
It  was  sparingly  soluble  in  alcohol,  ethyl  acetate,  or  ehkitofofiu,  bei 
more  readily  so  in   benzene,  toluene,  or  acetic  acid.     For  analyirie» 
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it  was  recrystallised  from  acetic  acid,  from  wlii«  n  it   ^u^m.iLuu  lu  [>Ae 
yellow,  shiuiDg  plates  melting  at  221" : 

0-2380  gave  21  Sec.  moist  nitrogen  at  17-2®  and  765  mm.  N=«10  69. 
CjjjHiyOgNg  requires  N  =  10*98  per  cent. 

The  potassium  salt  is  slightly  soluble  in  water  and  readily  so  in 
alcohol,  crystallising  from  moist  alcohol  in  the  form  of  wart-like  tufts 
of  very  pale  yellow,  slender  needles. 

The  fsn'ous  salt  is  a  dark  blue  solid  precipitated  by  ferrous  sulphate 
from  a  solution  of  the  potassium  salt. 

The  acetijl  derivative,  {CO'NH-CioH7)2C:N-0-CO-CH8,  crystallises 
from  alcohol  or  ethyl  acetate  in  thin,  pale  green,  silky  needles, 
melting  with  decomposition  at  179°.  The  colour  appears  to  be  due  to 
the  trace  of  an  impurity,  for  it  becomes  less  intense  with  each  recrys- 
tallisation  : 

0-2422  gave  20  c.c.  moist  nitrogen  at  16°  and  744  mm.     N  =  9  42. 
Cg^jH^gO^Na  requires  N  =  9-90  per  cent. 

Cldorinated isoyitrosomalondi-pnaphthylamidef  C^^'H.^fi.^l^fil.  — When 
nitrosyl  chloride  acts  on  malondi-yS-naphthylamide  suspended  in  ethyl 
acetate,  the  product  is  a  pale  yellow,  crystalline  powder  from  which 
boiling  ethyl  acetate  extracts  a  bright  yellow  solid  crystallising  in 
shining  plates  and  melting  at  202°.  The  melting  point  is  not  changed 
by  recrystal Using  the  substance  from  (1)  a  mixture  of  ethyl  acetate 
and  acetic  acid,  or  (2)  toluene.  When  heated  on  oxidised  copper  wire, 
the  compound  imparts  a  green  coloiir  to  the  flame,  and  therefore  con- 
tains chlorine.  Analyses  of  two  different  specimens  of  the  substance 
showed  it  to  be  a  chlorinated  wonitro8omalondi-)3-naphthylamide  : 

I.  0-2130gave  19-3  c.c.  moist  nitrogen  at  20-5°  and  748  mm.  N  =  1017. 

II.  0-2446    „     21-5  C.C.  „  17°       „    757  mm.  N=  1016. 

CjgH^aOgNaCl  requires  N-  100  9  per  cent. 

The  position  of  the  chlorine  atom  in  this  compound  was  not  investi- 
gated. The  potassium  salt  is  yellow,  and  yields  a  dark  blue,  insoluble 
ferrous  suit  when  mixed  in  solution  with  ferrous  sulphate. 


IX.  i8oiVt<ro«oma/onc/tm«</4y/ani7tti«,[CO-N(CH3)-CjHJjC:N-OH. 

MoNitrosomalondimethylanilide  is  prepared  by  the  action  of  nitrosyl 
chloride  on  malondimethylanilide  ;  it  crystallises  with  one  molecular 
proportion  of  methyl  alcohol,  melts  at  109°,  and  gives  the  yellow 
coloration  with  alkalis,  and  the  deep  purple  colour  with  ferrous 
sulphate,  which  is  characteristic  of  this  group  of  oximes.     The  acetyl 
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lioitvativo  mcU;i  at  130  ,  Uio  bensoyl  (Icriv.i  i\      r    1    .      i  ti<l  the 

ithyl  ether  at  138^. 

I D  addition  to  the  normal  reaction  between  malondimothylanitide 
and  nitroeyl  chloride,  there  ie  a  further  reaction  whereby  an  iaooMride 
of  itomtroeomalondimeUijlanilide  is  obtained  together  with  the  oorrt- 
•ponding  keteiiio  oompouod.  Up  to  the  present,  the  conditions  under 
which  the  reaction  proceeds  thuit  abnormally  have  not  boen  determined 
and  a  full, account  of  this  part  of  tho  work  is  reserved  for  a  later  paper 
dealing  with  the  telrarBubetituted  derivatives  of  the  oxime  of  mee- 
oxamid&  It  may,  however,  be  stated  that  the  ketone  corresponding 
with  t«onitroeomalondimethylanilide,  or  mesoxdimethylanilide, 
.    C0[CX)-N(CH3)-C,H,],. 

vstallises  in  well-developed,  prismatic  crystals  of  a  deep  orange 
oolonr  and  melts  at  172^;  it  yields  the  normal  ifonitroso^erivative 
melting  at  109^  by  the  action  of  hydroxy lamine  both  in  acid  and 
alkaline  solution.  The  isomeric  i^onitrosomalondimetbylaDilide, 
(C,rH,70,Nj),  crystallises  in  tufts  of  thin,  flattened  needles  of  a  pale 
yellow  colour  mdting  at  192°;  the  ethyl  ether  melts  at  168^  and  the 
acetyl  derivative  at  223^  It  forms  colourless,  crystalline  alkali  salts 
which  are  very  soluble  in  water,  tbe  solutions  give  a  rich  purple-crimson 
colour  with/erric  chloride.  From  aqueous  solutions  of  the  alkali  salts, 
mineral  acids  precipitate  a  well-defined  colourless,  crystalline,  com- 
pound which  melts  at  256°  and  has  not  yet  been  identified  ;  on  treat- 
ment with  sodium  ethoxide,  it  regenerates  the  original  sodium  salt, 
from  which,  through  the  silver  salt,  the  ethyl  ether  melting  at  168° 
is  obtained. 

.  Behaviour  0/  a-Oximinoketones  with  Ferrous  Sulphate  and 

Alkali, 

^  1)  \aoyiiro9oaeetone  forms  a  bright  yellow  alkali  solution  (Meywr  and 
.-^bUn,  Bsr.,  1878,  11,  695) ;  the  addition  of  ferrous  sulphate  prodnoet 
an  intense  blue  coloration. 

(2)  Elht/l  iaonitroioaeetoaeelaU  gives  a  yellow  colour  with  soda 
(Jovitfichitsch,  Ber.,  1895,  28,  2683) ;  on  the  further  addition  of 
ferrous  sulphate,  a  deep  blue  coloration  is  produced. 

(3)  £thyl  isonUrowbenzat/lacetaU  dissolves  readily  in  alkalis  with  a 
yeUow  colour  (Perkin,  Tiuns.,  1885,  47,  244) ;  on  the  addition  of 
ferrous  sulphate,  a  deep  indigo-blue  precipitate  is  thrown  down. 

(4)  \aoNUro9oaoetylacetone  is  readily  soluble  in  alkalis  giving  a 
bright  yellow  colour  (ZanetH,  Ber.,  1893,  28,  Rcf.  698) ;  the  addition 
of  a  drop  of  ferrons  salphate  produces  an  intense  bloe  coloittiioii. 

(5)  Yi^NitroBO-^lutopenUme  melts  at  65—56°  and  U  solablo  in  alkalb 
with  a  yellow  colour  (Meyer  and  Zublin,  Ber.,  1878,   11,  823).    Tbe 
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melting  point  was  found  to  be  58 — 59°,  and  the  addition  of  ferrous 
sulphate  to  the  yellow  alkaline  solution  produced  a  deep  blue  coloration. 

(6)  \soNitro8oeamphor  is  soluble  in  alkalis  with  a  yellow  colour 
(Claisen  and  Manasse,  Anncden,  1893,274,  77) ;  the  addition  of  ferrous 
sulphate  develops  a  deep  blue  coloration. 

(7  and  8)  a^Benzilinonoxivie  and  fi-bemilinonoxime  dissolved  readily  in 
alkalis  giving  deep  yellow  solutions  (Auwers  and  Meyer,  J5er,  1889,22, 
540).  On  the  further  addition  of  ferrous  sulphate,  the  solution  of  the 
a-oxime  gave  a  Prussian  blue  precipitate,  which,  when  dried,  dissolved 
readily  in  benzene  forming  a  deep  blue  solution.  The  alkali  solution 
of  the  /3-oxime,  on  the  other  hand,  gave  only  the  green  precipitate  of 
ferrous  hydroxide. 

(9)  iso Nitrosophenyliaoxazolone  dissolves  in  alkalis  with  a  rose-red 
colour  (Claisen  and  Zedel,  Ber.,  1891,  24,  140)  ;  the  addition  of  ferrous 
sulphate  throws  down  a  dark  greenish-blue  precipitate. 

(10)  i9.oNitro8oviethylisoxazolone  dissolves  in  alkalis  with  a  red 
colour  (Nussberger,  Ber.,  1892,  25,  2157)  ;  the  colour  changes  to  a 
deep  chocolate-brown  on  the  addition  of  ferrous  sulphate. 

XI.  Behaviour  of  Dioximes  with  Ferrous  Sulphate  and  Alkali 

(1)  a-Benzildioxime  (Auwers  and  Meyer,  Ber.j  1888,  21  793)  is 
sparingly  soluble  in  alkalis  yielding  solutions  of  a  faint  yellow  colour, 
which  changes  to  a  rich  purple  on  the  addition  of  ferrous  sulphate. 
Attempts  to  prepare  the  potassium  salt  were  unsuccessful,  as  it  is 
rapidly  hydrolysed  by  hot  water  or  by  methyl  or  ethyl  alcohol. 

The  ftrroua  salt  was  obtained  in  the  form  of  a  finely-divided 
precipitate  by  adding  freshly  prepared  ferrous  sulphate  solution  to  a 
solution  of  the  oxime  in  aqueous  potash  ;  it  was  filtered,  washed 
with  water  until  the  washings  were  no  longer  alkaline,  and  dried  in 
the  desiccator.  The  dry  mass  was  almost  black  and  had  a  peculiar 
shining  appearance,  not  unlike  that  of  coal.  For  the  purpose  of 
analysis,  it  was  finely  powdered  and  dried  at  100^  until  the  weight 
was  constant : 

0-4574  gave  01211  Fe,0«  and  00107  K^SO,.  Fe«18  53;  K  =  105. 
0-5410    „    0-1460  FejOg   „     00132  KoSO^.  Fe-  1889  ;  K  =  1  09. 
CjJIj^OjNjFe  requires  Fe-  1904  ;  K  =  0  per  cent. 

Before  the  second  analysis  was  made,  the  salt  was  extracted  several 
times  with  boiling  water  and  then  with  alcohol,  but  although  the 
results  serve  to  show  that  the  purple  colour  obtained  by  the  inter- 
action of  a-benzildioxime  with  ferrous  sulphate  and  an  alkali  is  due 
to  the  formation  of  a  coloured  ferrous  salt,  the  latter  was  not  isolated 
in  a  pure  form. 
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(3)  /3-/2«ftn7(/i<MnrM«  (Auir«rt  and  Mejer,  B«r,,  1888,  21,  704) 
dbaolf M  in  alkalis  with  a  pale  yellow  colour  ;  the  tolution  givat  with 
feiTOQt  fiilpliata  only  i^  ferrous  hydroxide  precipitate. 

(3)  ylTiwwWiwrfim  (Baekmann  and  Roster,  Annalm,  1803, 274, 10). 
The  pale  yellow  lodtiun  salt  diseolves  readily  in  water,  and  on  adding 
ferrous  sulphate  solution  a  precipitate  is  formed  of  a  dull  purple  colour, 
changing  rapidly  to  brown. 

(4)  8yn-Arirn«  of  •ikyl  isotiifrotooestooosiais  dissoWea  in  alkalis 
forming  a  colourless  solution  (Ceresole  and  Kuckert,  Ber.^  1884,  17, 
821) ;  on  the  further  addition  of  ferrous  sulphate,  a  deep  purple  color- 
ation is  developed. 

(5)  Mtik^ittk^igfyimiiM  (Schramm,  Ber.,  1883,  16,  180)  is  spar- 
ingly  soluble  in  allcalis  giving  a  pale  yellow  solution  which  changes 
to  a  deep  reddish-brown  on  the  addition  of  ferrous  sulphate. 

AlfMlro/M  tteid  gives  an  orange-yellow  colour  with  alkalis  (Meyer 
and  Oonstam,  Ant%tUeny  1882,  214,  329) ;  the  colour  changes  to  a  deep 
chocolate  brown  on  the  addition  of  ferrous  sulphate. 

The  coloar  reactions  with  ferrous  sulphate  described  in  this  and  in 
the   preceding  section   form    very  delicate    tests  for  the  respective 
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\     -  The    Vapour    Pressures    and    Boiling    Points   of 

Mixed  Liquids,     Part  IL 

By  Stditkt  Youno,  D.Sc.,  F.R.8.,  and  Emily  C.  Foetit,  B.8c. 

In  a  paper  by  one  of  us  under  the  same  title  (Trans.,  1002, 
81,  752),  reference  was  made  to  Guthrie's  conclusion  that  if  we 
could  find  two  liquids  showing  no  volume  change  or  heat  change  on 
mixing,  the   vapour  pressures  should   be  expressed   by  a    formula 

which   reduces  to  P^^^^2^Y^'^^-\    where  P,  P^.  and    />,  are 

*     lUU 

the  vapour  pressures  of  the  mixture  and  of  the  two  componente  A  and 

Ti  respectively  at  the  same  temperature,  and  p  is  the  pereentage  by 

ight  of  the  liquid  A.     In  other  words,  the  relation  between  the 
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vapour  pressure  and  the  percentage  composition  by  weight  should  be 
represented  by  a  straight  line. 

The  conclusion  of  van  der  Waals  was  also  alluded  to,  that  if  the 
critical  pressures  of  the  two  liquids  are  equal,  and  if  the  relation 
suggested  by  Galitzine  and  by  Berthelot,  a, ,  »=  ^/oiOs  holds  good,  the 
relation  between  vapour  pressures  and  molecular  composition  should  be 
represented  by  a  straight  line,  or  the  equation  already  given  should 
hold  good  if  ^  is  the  molecular  percentage  of  A. 

Mention  should  also  have  been  made  of  a  series  of  papers  by 
Speyers  on  boiling  point  curves  {Amer.  J.Sci.^  1900,  [iv],  9,  341),  and 
on  the  molecular  weights  of  liquids  (/.  Arner.  Chem.  Soc.y  1899,  21,  282  ; 
J.  Physical  Cheni.,  1898,  2,  347,  362).     Making  use  of  the  equation 

— I —  =  P — II.  where  n,  and  n,  are  the  number  of  gram-molecules 

of  the  constituents,  p  is  the  vapour  pressure  of  the  second  constituent 
when  pure,  and  p  the  partial  pressure  of  the  second  constituent  after 
the  first  has  been  added,  Speyers  arrives  at  the  conclusion  that  when 
the  molecular  weights  of  both  constituents  are  normal,  the  partial 
pressures  of  each,  and  the  total  vapour  pressures  of  the  mixtures  when 
severally  plotted  against  the  molecular  percentages  of  one  constituent, 
give  straight  lines. 

In  part  I  of  this  series  of  papers,  it  was  proved  that  so  far 
as  chlorobenzene  and  bromobenzene  are  concerned,  the  state- 
ment of  van  der  Waals  is  correct,   bub  it  does  not  follow  that  the 

formula    P=^— ^ — ^— — — ?-i_?  is  applicable  only  to  pairs  of   liquids 

which  have  the  same  critical  pressure. 

On  the  other  hand,  the  statement  of  Speyers  is  certainly  too 
general,  for  cases  have  been  observed  by  Lehfeldt  (Phil.  Mag.,  1898, 
[v],  46,  42)  and  by  Zawidski  {Zeit.  physikal.  Chem.,  1900,  36,  129)  of 
mixtures  of  liquids  of  normal  molecular  weight,  the  vapour  pressures 
of  which  are  not  given  by  the  above  formula. 

It  seemed  of  interest  therefore  to  investigate  the  behaviour  of 
liquids  which,  although  closely  related  chemically,  have  dififerent 
critical  pressures,  and  mention  should  first  be  made  of  the  determination 
by  Zawidski  (loc.  cii.)  of  the  vapour  pressures  of  mixtures  of  ethylene 
and  propylene  di bromides.  In  this  case,  he  found  that  not  only  the 
vapour  pressures  of  the  mixtures,  but  also  the  partial  pressures  of 
the  constituents,  when  mapped  against  the  molecular  percentages  of 

t»>*—  »yQ  straight  lines.  But  the  critical  pressures  of  these 
.  '  re  not  known,  and  it  is  very  doubtful  whether  the  com- 

**^  ^^  ^  *'    p  heated  to  their  critical  points  without  decomposition. 

to     e  orma  ^  ^^.^  ^^  closely  related  liquids  have  been  examined  : 

in  a  pure   orUj^^  ^^^  QthyX  propionate,  (2)  toluene  and  ethylbenzene, 


(S)  M-hexane  mi  ,o  untl   tolnono,  ami,  in  aadiiiun, 

oarboa  UlrMhi'  ^  mch,  although  not  closely  r«Uud, 

are  of  inUrMt  as  thej  have  been  the  nubject  of  in?eetigatioo  by 
Lineberger  {J.  Amtr,  Cktm.  Soc,,  1895.  17,  616,  690),  Lehfeldt  (loe. 
cil),  and  Zawidski  {loe,  etL),  and  at  the  reitulU  obUined  by  the  6rst  of 
these  workers  differ  notably  from  those  of  the  others. 
The  critioal  prestaree  of  the  above  liquids  are  as  follows : 

Crit  praH.     A  Crii.  prw.  a 

instm.      stm.  in  stin.  stm. 

thylmeeUte 38-001    ^.g^  n-Hezsne  2963    )  .  ^g 

hyl  propionate.  3317  J  n-Octsne    24  64    I 

ToloMM 41-6*l  Toluene 41-6*    \ 

Ethylb«.«,ne  SSI*  |    ^^  ^^^^^ ^^.j,    |  85 

I  47-88t  \ 
Carbon     tetra-  I    2-91 

chloride 44-97    ) 

In  all  cases,  there  is  a  marked  difference  between  the  critical  pres* 
snree,  eo  that  the  influence  of  this  constant  can  be  thoroughly  in- 
vestigated. 


I.     Eihyl  Acetate  and   Ethyl  Propionate, 
As  the  quantity  of  purified  material  left  from  previous  researches 


on  the  esters  was  insufficient  for  our  purpose,  a  larger  quantity  of 
each  was  obtained  from  Kahlbaum.  The  liquids  were  thoroughly 
dried  with  phosphoric  oxide,  distilled  over  the  same  dehydrating  agent, 
and  fractionated  through  the  18  column  dephlegmator. 


Ethyl  acetate. 


Ethyl  propiatujUe. 


Boiling  Pointe, 


Temperature 


Prettnra. 
'8*4    mm. 
U-45     .. 


obeenred. 
76-57 


corr.  to 
760  mm. 

7717° 

7719 


Temperature. 


Mean  7718 
Previous  results  ♦  77*15 


Pressure. 
74445  mm. 
753-45     „ 
761-2       „ 
7614       „ 
762-25     „ 


obserred. 
98  44° 
98-86 
9915 
99-16 
99-33 


corr.  to 
760  mm. 
9910*» 
9914 
99-10 
99-10 
9914 


Mean  99-13 
Previous  resulte  X  99*0 

*  Altachnl  {ZeU.  phy$ikaL  Chem,,  1898, 11,  MO). 
t  Toung  (Trana,  1889,  55,  486). 

As  the  critieal  pmnira  of  toluene  and  rthylbenniM  have  bMS  detoraiiawl  by 
schnl,  it  seams  best  to  give  his  ralue  for  that  of  beutae  ia  the  eonpsriiott  wilk 
toiueue.  X  TiWM.,  189S,  tZ,  1191. 
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Sp.  gr.  at  074°. 

0-92446       ;  0-91251 

Previous  results*  0-92436       '        Previous  results  •  091240 

Change  oj  Volume  on  Mixing. 

A  mixture  in  approximately  molecular  proportion  was  then  made, 
and  its  specific  gravity  at  0°/4°  determined. 

Molecular  composition.  i  Sp.  gr.  at  074°    0'91785 

Ethyl  acetate  49-87      Volume  of  a  gram  obs.     1-08950 


Ethyl  propionate    50-13 

100-00 


Volume  of  a  gram  calc.     1  -08934 


Difference 000016 

Percentage  difference...     0  0 15 


Change  qf  Temperature  on  Mixing. 

The  method  was  the  same  as  that  employed  in  the  case  of  chloro- 
benzene  and  bromobenzene  (Trans.,  1902,  81,  772).  The  volume  of  the 
mixture  was  in  all  cases  about  20  c.c. : 

Molecular  composition  :     Ethyl  acetate  50-1 

Ethyl  propionate 49  9 


1000 


Ethyl  acetate.     Ethyl  propionate.       Mean.         Mixture.  A. 

Temp 20-53°  20*70°  20-62°       2060°      -0  02° 

lb  will  be  seen  that  there  is  an  exceedingly  slight  expansion  and 
absorption  of  heat  on  mixing. 

Boiling  Points  of  Mixtures. 

The  apparatus  employed  for  the  determination  of  the  boiling  points 
of  mixtures  was  the  same  as  that  previously  used  for  chlorobenzene 
and  bromobenzene.  The  total  volume  of  the  liquid  and  vapour  phases 
was  very  nearly  200  c.c,  that  of  the  liquid  was  in  each  case  approxim- 
ately 125  c.c.  As  with  mixtures  of  chlorobenzene  and  bromobenzene, 
the  temperature  of  the  liquid  was  taken  into  account  as  well  as  that 
of  the  vapour.  It  was  found  that  for  each  mixture  there  was  a  nearly 
constant  difference  between  the  two  temperature.^.  The  mean  value  of 
this  constant  was  subtracted  from  each  temperature  reading  of  the 
liquid  in  order  to  eliminate  the  effect  duo  to  superheating  and  to  get 
a  second  observation  of  the  true  boiling  point.  The  mean  of  the  direct 
and  indirect  readings  was  taken  in  each  case  as  correct. 
•  Trans.,  1893,  63,  1191. 
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KlhyC   r. 


ItoIecuUr  perocntagot  of  othyl  pro|iionatr. 


nn  nn 

74 

•51'. 

iVJiip. 

PivHsnre, 
mm. 

Temp. 

t'-.l    I 

667  1 

82 -06* 

663*6 

87-4r 

f.:j  <■. 

6780 

82-56 

676-4 

88^ 

«>j ".» 

680-2 

8307 

687*5 

88-56 

rti.;.  1 

701-4 

83-61 

698*7 

89-07 

7".'.  '.» 

712-7 

81-14 

7101 

89*68 

717  .5 

7228 

84-54 

720  7 

90-09 

72^  0 

734-2 

85  06 

731-1 

90  64 

743  9 

60  66 

745^ 

85  58 

741*5 

90  98 

754-2 

81-01 

7eoo 

86  13 

7491 

91-34 

7rtO-2 

81-22 

7721 

86  64 

758*4 

9169 

771-8 

81-70 

785-4 

8716 

7691 

92-29 

761^ 

82  13 

798-7 

87-68 

782-1 

92  69 

793-2 

82-58 

811-3 

88-20 

794*6 

93^2 

806  3 

88-07 

823-4 

88-66 

806*0 

93  68 

819*3 

83-61 

836-9 

89-17 

817-9 

9417 

832-7 

84-10 

849-4 

89  65 

830-5 

94  69 

s;,-    1 

84-60 

— 

— 

848  5 

95*18 

The  logiirithms  of  the  pressures  were  in  each  case  mapped  against 
the  temperatures  aod  the  boiling  points  under  pressures  of  700,  760, 
and  820  mm.  read  from  the  curves. 


MolecaUr 

rressurc. 

percentages  of  ethyl  propionate. 

mm.              I 

1             2601. 

6000.                         74-62. 

700                          7b  05 
760              1             81126 
820              '              83  61 

83-55*                         6915- 
86-15                           9182 
88*52                            9124 

Data  for  the  theoretical  boiling  point  curves  were  calculated  b/ 
means  of  the  formula/?- l^^^'"^^,  where  p  is  the  molecular  pet^ 

ntage  of  the  liquid  A,  Pj^  and  F^  are  the  vapour  pressurae  of  the 
mpom^nte  A  and  /?,  and  P  is  the  pressure  under  which  the  mixture 
boiling.     The  molecular  percentage  of  ethyl  propionate  for  values 
&TOU  LXXXllI.  B 
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700,  760,  and  820  of  P  were  then  calculated  from  the  formula  at  a 
series  of  even  temperatures  and  the  theoretical  isobars  so  obtained. 
It  was  found  in  every  case  that  the  deviations  of  the  points  represent- 
ing the  observed  boiling  points  from  the  curves  were  practically  the 
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same  at  the  three  pressures,  and  it  seems  therefore  sufficient  to  give 
only  the  curve  for  normal  pressures.  These  theoretical  curves  with 
the  points  representing  the  actual  observations  are  given  in  Fig.  1. 

For  the  calculation  of  P^  and  Pg,  Biot's  shorter  formula  log;? ««  a  +  6aS 
was  employed ;  the  constants  for  this  formula  are  given  below ; 
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Etbjl  ac«tate. 

am        4  85820 
lo^-(  .)0*4446S05 
]of«-        1-99685012 

I-        r»-30 


Ktbyl  proptonatci. 

a-        4*86079 
Iog6-(-)0'4 137340 
loga-        1-99703345 

<-        1^-60 


Th«  rapour  pressures  of  the  two  puro  liquids  at  the 
boiling  points  of  the  mixtures  under  the  three  pressures  were  then 
oalcuUted  by  means  of  Biot's  formula  and  then  from  the  equation 
P^pP4'^{1^''P)Pm  ^^  theowtical  values  of  P  were  obUioed. 

In  the  following  table  are  given  the  vapour  pressures  of  ethjl 
acetate  and  ethjl  propionate  at  the  observed  boiling  points  of  the 
mixtures,  and  the  values  of  P  calculated  from  the  above  formula : 


1 

Vapour  preararet  at  C 
from  Biot'i  formula. 

Pcalc 

Pobtenred. 

A. 

Ethyl 
propionate. 

Etbxl 
acetate. 

2:.  01 
:^-oo 

74  62 

78-69* 

83-55 

89-15 

384-0 
455-7 
651-2 

799-3 

934-2 

1110-6 

Mean... 

695-4 
694-9 
693-2 

700 

-4-6 
-5-1 
-68 

694-5 

-6  6 

25  01 
60  00 
74  62 

81-26 
86-15 
91-82 

4206 
498-2 
602-0 

868-5 
1018-2 
1208-2 

Mean... 

756-5 
755-7 
754-6 

760 

-3-5 
-4-8 
-6-4 

755-6 

-4-4 

25  01 
50-00 
74*62 

8S-61 
88-52 
94-24 

466-6 
639-7 
6512 

985-9 
1089-5 
1291-9 

Mean... 

8160 
814-6 

813  8 

814  8 

820 

-4-0 
-6-4 
-6-2 

-6-2 

The  agreement  is  by  no  means  so  close  as  with  cblorobenzene  and 
bromobenzene,  and  the  differences  are  beyond  the  limits  of  experi- 
mental error ;  they  are  also  in  the  direction  that  might  be  anticipated 
from  the  slight  expansion  and  fall  of  temperature  on  misiiig  the 
liquids.  That  the  deviations,  however,  are  really  very  small  is  per^ 
haps  better  seen  from  the  fact  that  the  oorrerponding  temperature 
differences  at  760  mm.  are  only  014°,  OlS**,  and  0-28**  respectively, 
and  that  those  at  the  other  pressures  would  not  be  roach  larger. 

B  2 
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II.     Toluene  and  Ethylhenzene. 

Specimens  of  these  substances  were  obtained  from  Kahlbaum  and 
were  fractionated,  the  toluene  through  the  18-column  dephlegmator 
and  the  ethylhenzene  through  a  12-bulb  *'  pear  "  still-head  : 


Toluene, 

1 

Ethylhenzene. 

Boiling  points : 

Temperaturo 

Pressure. 

Temperature 

Pressure. 

obs. 

coir,  to 
760  mm. 

obs. 

corn  to 
760  mm. 

774-7  mm. 

111-35° 

110-67° 

777-9 

mm. 

13707° 

136-19° 

770-2    „ 

111-17 

110-70 

774-7 

136-92 

136-20 

756-9    „ 

110-34 

110-48 

763-2 

136-37 

136-21 

762-4    „ 

110-66 

110-51 

7391 

13520 

136-25 

758-4    „ 

110-51 

11058 

759-0 

13609 

136-14 

757-0    „ 
749-05  „ 
751-7    „ 

110-54 
110-15 
110-25 

110-68 
11065 
110-63 

762-7 

136-24 

13611 

Mean  136-18 

747-7    „ 

110-05 

110-62 

758-0    „ 

110-52 
Mean 

110-61 

110-62 

Sp.  gr. 

at  0°/4°. 

0-88455            1 

0-88457 

lb  is  somewhat  remarkable  that  the  tendency  of  the  sp.  gr.  to  he 
raised  by  increase  of  molecular  weight  should,  in  this  case,  be  almost 
exactly  counterbalanced  by  its  tendency  to  be  lowered  by  the  greater 
influence  of  the  larger  alkyl  group.  Passing  from  benzene  to  toluene, 
the  eflFect  of  the  introduction  of  the  alkyl  group  is  so  great  that  the 
sp.  gr.  actually  falls  considerably. 


Change  of  Volume  on  Mixing. 


Molecular  composition. 

Toluene 5011 

Kthy  I  benzene    49-89 


10000 


Sp.  gr.  atO°/4° 0-88486 

Volume  of  a  gram  obs. . . .     11 30 1 2 
„  ,,  calc...     1-13050 


Difference -0*00038 

Percentage  difference   -  0034 


iv^i  il»>. 


:»a 


CManff€  of  Ttmperaturt  on  Mimmg, 


Toluene    . 
Kthylbeoienc 


Molpcular  compa«IUoo. 

:.'•  1 


luoo 


Tolnent.      Cihylbonwne. 


Mean. 


MixtniT. 
14-72 


A. 

+  0-05'' 


•\vi  .-'^i-^,  !..Iu(io  ;iii.l  ctliyllu-nzcne  &how  a  very  slight 
■  i  ill  i  ii---  I'l  i.iupci ;ii 111 !■  wlu'ii  mixed  together. 
Ajb  a  determiDation  of  the  vapour  pleasures  of  toluene  and  of  ethyl- 
beniene  had  not  been  previously  made,  it  was  now  carried  out  within 
the  Umita  required  for  the  present  investigation.  In  the  case  of 
toluene,  the  pressure  apparatus  was  used  for  determinations  at  120'^ 
and  higher  temperatures : 


Vapour  Freaauret  of  Toluene, 


rresrore,      », 
ni.n.           T*"r. 

PfMsare, 

,     mm. 

Temp. 

Pressure, 

mm. 

^•"'^-          mm. 

Temp. 

-01-4          69-69"' 
204-95        70-18 
210-25        70-84 
2-10-85        72-21 
241-8          74-66 

268  55 
298-9 
882  8 
368-85 
406  4 

77  •67'    i 
80-73 
83-90     1 
86-95 
89-96 

448'8 
496-4 
5404 
595-1 
6519 

98-04*        701-2 

96-22         781-9 

99-01      i    755-7 

10217      i    788-9 

10526     |j    818-5 

107-79* 
109-24 
110  84 
111-69 
112-99 

The    following    determinations    were     made    with    the     pre 
apparatus  : 


lire 


Temp. 


Pressure, 

mm. 


Temp 


Prrs.ur 

mm. 


Mnp 


992 
1185 
1289 


120' 
125 
130 


1459 
1646 
1849 


135' 
140 
145 


i:.o 
ir:. 


For  the  determinations  of  the  vapour  pressures  of  elhylber 
boiling  point  apparatus  was  used  throughout : 
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Vapour  Presiures  of  KUnjlbenzene. 


rrcssure, 
iiini. 


Tom  p. 


121-2 

78  93° 

123  95 

79-52 

134-3 

81-60 

150-65 

84-74 

168-15 

87-80     1 

188  05 

90-87 

209-45 

93-96     , 

Pressure, 
ram. 

Temp. 

1  Pressure, 
mm. 

i 

Temp. 

1 

281-85 

96-86" 

1 

456-8 

IISOS"  !' 

257-15 

99-90 

499  3 

121-06 

284  15 

102-93 

646-6 

124-25    ;, 
127-30    1! 

313-65 

105-98 

596-5 

346-9 

109-11 

048-6 

130-32     ' 

381-0 

112-13 

684-8 

132-24      ! 

417-45 

115-12 

724-4 

134-36 

Pressure, 


750-2 
786-8 
829-1 
871-6 


Temp. 


135-62' 
137-43 
139  44 
141-29 


The  following  table  gives  the  vapour  pressures  of  the  two  Bub- 
Btances  at  intervals  of  10°  of  temperature  read  from  the  curves, 
together  with  the  values  calculated  from  Biot's  formula  : 


Toluene. 

Ethylbenzenc. 

Pressure. 

A. 

Temp. 

Pressure. 

Temp. 

A. 

From 

Direct. 

Biot. 

From 

Biot. 

curve. 

curve. 

70' 

203-7 

__ 

203-7 

0 

80° 

126-4 

126-4 

0 

80 

289-9 

— 

290-4 

+  0-6 

90 

182-6 

182-6 

0 

90 

406  0 

— 

405-6 

-0-4 

100 

257-6 

257-9 

+  0-3 

100 

565-9 

— 

655  6 

-0-4 

110 

357-1 

356-6 

-0-5 

110 

747  0 

— 

747  0 

0 

120 

482-7 

483-8 

+  0-6 

120 

990 -8 

992 

987-2 

-86 

130 

641-5 

642-9 

+  1-4 

130 

1288-0 

1289 

1288-7 

-4-3 

140 

841-4 

840-2 

-1-2 

140 

1646  0 

1646 

1643-9 

-2-1 

160 

2073-0 

2072 

2076-0 

+  2-0 

The  boiling  points  of  three  mixtures  of  toluene  and  ethjlbenzene 
were  determined  and  the  results  are  given  in  the  following  table  : 
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BoUi9^  PomU  V  MixiurM  of  TWiMtM  ami  StkyUmmi 
Mol«eaUr  pwoenUgoa  of  oihyIb«nMno. 


::. 

02. 

49*97. 

75*00. 

mm. 

PlMMIfti 

mm. 

Temp. 

PraHuiVf 
mm. 

'          :•• 

667 -05 

11100' 

662-9 

12;m''I- 

677-5 

111-51 

r  <'>•:', 

11. 

671-9 

rj.rri 

688  4 

112*07 

117  i>3 

6S2  1 

124  27 

698*15 

112*54 

118-36 

GU2-4 

124  83 

707-5 

113-04 

7u.''  '3 

118-74 

702-6 

125-41 

717-7 

113*58 

71J-3 

119-04 

712-3 

125-92 

727-25 

11400 

^  1 ,.  ..• 

119-42 

723-8 

126-43 

737  45 

11445 

7 

119-90 

73415 

1-26  02 

744-95 

114*89 

<-*  -^ 

120  85 

743-65 

127-43 

754*05 

115  32 

746*8 

120-76 

753*55 

127  SO 

764*45 

115*81 

75265 

121  01 

762-3 

128  :{l 

776  05 

116-85 

761*7 

121-51 

771-85 

128-7« 

789*2 

116-91 

77215 

122  02 

779-55 

129  15 

800-95 

117-44 

788*85 

122-53 

790  8 

129  66 

811-55 

117*98 

796-25 

123-11 

801-45 

i;i01« 

822-05 

118*41 

808-75 

123-67 

812-65 

130  66 

■~ 

— 

822-15 

124-25 

824*7 

131-23 

The  boiling  poiots  at  700,  760,  and  820  mm.  read  from  the  curve 
are  as  follows : 


Premire, 

Molecular  percentages  of  cthy 

mm. 

250 

49-97. 

7500. 

700 
760 
820 

112*6r 
115  60 
118-28 

118-42' 

121*41 

124*15 

125 -sr 

128  •» 
180-99 

Data  for  the  theoretical  boiling  point  curves  were  calculated  in  the 
same  manner  as  before  and  the  deviations  from  the  theoretical  corre 
it  760  mm.  are  shown  in  Fig.  1  (p.  50).  The  constants  for  Biot's 
^ihorter  formula  are  as  follows : 


Toluene 
a  =  4*94942    , 
log6  =  (-)0*4216731 
loga=  1*99738948 
^  =  t«-70 


EthylbeaieM 
a -4*69593 
log6-(-)0'4139911 
loga- 1*99723926 
<-t°-80 
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It  seems  unnecessary  to  give   full  details  of  the  calculation  of  the 
vapour  pressures  of  the  mixtures  at  the  observed   boiling  points  by 

means  of  the   formula  P  =.PJ^±±i^^ZjPlIlf ;  the  final  results  only 

are  given  in  the  table  belo.w  : 

Molecular  percentages  Calculated  pressures 

of  ethylbenzene.  mm.                           ram.  imn. 

2502  701-5                    762-8  821-3 

49-97  703-6                    763-5  824-3 


500  705-4  765-5  824-8 


Mean 703-5  7639  823-5 

Observed  pressures  700-0  760  0  8200 


A  +3  5  +3-9  +3-5 

The  differences  are  rather  smaller  than  with  the  two  esters  and  are 
in  the  opposite  direction,  as  are  also  the  volume  and  temperature 
changes  on  mixing. 

III.  n-IIexane  and  n-Octane. 

The  specimens  used  in  former  researches  were  available  ;  they  were 
redistilled  over  phosphoric  oxide.  The  specific  gravities  at  0°/4°  were 
redetermined,  with  the  following  results  : 

Sp.  gr.  at  074°. 

n-Hexane.  n-Octane. 

New  result     067703  0*71854 

Old       „         0-67696*  0-71848t 

Change  of  Volume  on  Mixing. 

Molecular  composition.  Sp.  gr.  at  0°/4°" 0-70044 

[n-Hexane 50*03  Volume  of  a  gram  obs.  1*13012 

nOctane  4997  „              calc.  M3050 


10000  Difference  -0-00038 

Percentage  difference  -  0034 

Change  of  Temperature  on  Mixing. 

Molecular  composition  :     7t*Hexane 50*2 


n-Octane  49  8 

' 

100*0 

fi-Hexane.       n^Octaiie. 

Mean.          Mixture.              a. 

Temp.         21-43°        21-58° 

21*51°        21-57°         +0-06 

•  Trans.,  1895,  67,  1071. 

t  Trans.,  1900.  77,  1146. 
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There  it  in  this  nuo  vcrj  slight  contriiction  and  rineof  t«miH*rAlurr, 
but  rmther  greater  than  with  toluene  am)  "'^'^  i>»nx4Mio. 

IloUing  Points  of  Mixiures  qf  n  lltximt  and  n-Odanii, 
MolMoUr  peroMitagM  of  nHKtant. 


l^$l. 

50-00. 

7«  09. 

74-99. 

riMirt, 
mm. 

Tom  p. 

PiMrare, 
mm. 

Temp. 

mm. 
657  0 

Tern  J. . 
98-6r 

Prcsaur^ 
mm. 

658-7 

Temp. 

«67-3 

70-97* 

664-0 

82  •28* 

97-66' 

670-7 

71-60 

672-2 

82  65 

667-8 

99  15 

670-9 

98-26 

682-7 

72-24 

684-8 

83-26 

677-8 

99-70 

684-7 

99-04 

696^ 

72-87 

694-6 

83-87 

688-8 

100-21 

698-1 

99-69 

710-0 

73-45 

708-9 

84-39 

7010 

100-78 

712-2 

100-44 

723  0 

74-08 

718^ 

85-05 

711-8 

101  -82 

728-4 

10115 

738-3 

74-73 

731-4 

85-54 

723-9 

10203 

742-9 

101-90 

7483 

75-10 

745-8 

86-21 

736-6 

102-66 

756-4 

102-60 

760-6 

75-65 

760-4 

86  96 

747-1 

10316 

767-4 

10812 

773-0 

76-17 

771-6 

87-42 

754-4 

103-44 

7781 

108-69 

784-4 

76-54 

7828 

87-96 

7660 

104  03 

789-1 

104-10 

796-2 

77-18 

794-9 

88-47 

778-7 

104-63 

800-5 

104-64 

807-6 

77-76 

807-6 

89  00 

791-0 

105-20 

811-9 

10515 

8196 

78-14 

820-4 

89-55 

804-0 

105-75 

823  1 

105-64 

881-5 

78-79 

833-7 

9014 

817-1 

106-32 

884-1 

10614 

842-5 

79-10 

846-4 

90-79 

829  9 

106  89 

846-7 

106-66 

"" 

~~ 

843  6 

107-56 

^^ 

~"" 

The  boiling  points  at  700,  760,  and  820  mm.,  read  from  the  curve 
:ire  as  follows : 


iVcssuro. 

MolecnUr  percentages  of  ii-octane. 

23  31. 

60-00.                  74-99. 

1 
84  f, 7                    99-79 
86-93                   102-74 
89-57                  105-45 

7609. 

700 
760 
820 

78-02 
7569 
7818 

100-81 
103  74 
106  46 

The  difference  between  the  observed  and  calculated  boiling  pointe 
with  75  molecules  per  cent,  of  n  octane  was  considerablj  greater 
than  was  expected,  and  il  was  thought  possible  that  a  little  hezane 
might  have  been  lost  by  evaporation  during  the  traoafertnoe  fiom  one 
vessel  to  another.  A  second  mixture,  of  about  the  nme  oompotitaoo, 
was  therefore  made  up  in  the  apparatus  itself,  and  a  second  series  of 
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determiQations  was  carried  out.  The  results,  however,  agreed  well 
with  the  previous  one. 

The  deviations  of  the  observed  boiling  points  from  the  theoretical 
curve  are  shown  in  Fig.  1  (p.  50). 

The  constants  for  Blot's  formula  log  p  =  a  +  ba^  +  cfi^  have  already 
been  given  (Trans.,  1895,  67,  1075;  1900,  77,  1146). 

A  comparison  of  pressures,  similar  to  that  given  in  previous  cases, 
is  shown  in  the  table  below  : 


Molecular  percentages 


Calculated  pressures. 


of  7i-octanc. 

23-31 

692-3 

752-0 

808-9 

50-00 

698-8 

760-2 

820-1 

7009  }  7^'^^ 

719-2 
723-7 

I  721-4 

781-6 
785-3 

I  783-4 

842-0 
846-4 

1844-2 

Mean 

704-2 

765-6 

824-4 

Observed 

pressures 

7000 

760-0 

820-0 

+  4-2 


+  5-6 


4-4 


The  individual  deviations  are  somewhat  large,  but  the  mean  of  the 
calculated  pressures  are  but  little  higher  than  the  observed,  as  the 
differences  are  in  opposite  directions. 

The  mean  deviations  are  in  the  direction  that  might  be  anticipated 
from  the  volume  and  temperature  changes,  but  as  the  individual  varia- 
tions are  so  large,  no  great  weight  can  be  attached  to  this  fact. 

IV.    Benzene  and  Toluene. 

Specimens  of  these  liquids,  obtained  from  Kahlbaum,  were  fraction- 
ated and  finally  distilled  over  phosphoric  oxide  : 


Benzene. 


Toluene, 


Boiling  point : 

Temperature 

Pressure 

mm. 

758-0 

Temperature 

Pressure 
mm.                 obs. 

758-0            80-09° 

corr.  to 
760  mm. 
80-18° 

corr.  to 
obs.                  760  mm 

110-59°           110-68 

Sp.  gr.  at  0°/4° 

Old  result*  

Jackson  it  Young  t 

0-90004     1 

0-90006            Previous 

0-90005     i 

0-88453 
specimen      0*88455 

*  Traus.,  18S9,  65 

488. 

t  Trans.,  1898,  73,  928. 

\ 


lioiLixy  nn.NTs  or  mixki*  LiguiLW.     paut  II. 


511 


€htmg4  ^  YfilLwM  im  Mxxxwj. 


Molcctiltf  ooMpodtioa. 
BeosMM...  50*03 

Tolntne 49-97 


100-00 


8p.  gr.  At  0«/4*» 
Volume  of  a  gram  ob«.. 
H  »i  calc. 


Difference 

Percentage  difference 


H9078 
112361 
1*12080 

000181 
01615 


Ckaaa^  qf  Temperaturf 


Beniene. 
Toluene 


BeDsene.  Toluene,  Mean 

Temp 19-00°  19*00*^  1900 


49-95 
5005 

100*00 


Mixture. 
18-55« 


A. 

-0-45 


The  behaviour  of  benzene  and  toluene  is  similar  to  that  of  the  two 
esters,  but  the  expansion  and  fall  of  temperature  are  considerably 
greater. 

Boiling  PoinU  qf  Mixtures  of  Benzens  and  Tolttejie, 


MoIecaUr  percentages  of  toluene. 

24-94. 

50 

1  , 

661-2 

OX 

72*46. 

Pranare, 
mm. 

Tcnip. 

81 -sr 

Temp. 

Premnre, 
mm. 

i 

Temp. 

6M-6 

87-55' 

663-9 

95 -or 

677-5 

8187 

670-9 

8814 

674-1 

1         9TrT,\ 

690  5 

82-54 

681-6 

88-67 

684-8 

\ 

7020 

8805 

692  8 

89-22 

695-0 

7141 

83  63 

702-3 

89-67 

706-1 

U7  vi 

724  3 

84  10 

7130 

90  20 

717-1 

97-60 

7S4-9 

84-61 

725-5 

90-78 

727-8 

98-11 

749-1 

85-16 

7381 

91-41 

739-5 

98  69 

757  9 

85  62 

7610 

91-96 

762*4 

UU  ^1 

768  5 

86-07 

761-1 

92-41 

762*1 

779^ 

86-52 

772-6 

92  96 

771-6 

7901 

86-98 

783-2 

93-46 

782-4 

8021        ' 

87-52 

*- 794-8 

98-89 

794-4 

818-8 

87-97 

806-4 

94*48 

806-4 

826  0        1 

88-51 

816-8 

94  88 

818-8 

837-2 

88-97 

8260 

95-18 

880-5 

IV.      1    A 
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Tiio  following  aro  the  boiling  points  read  from  the  curve  at  700, 
760,  and  820  mm.  : 


Pressure, 

Molecular 

pcrcentac;^ 

of 

toluene. 

in  in. 

24-94. 

60-00. 

72-46. 

700 
760 
820 

82  97* 

85-72 

88-23 

'    89 -57' 
92-38 
94-96 

96  ^O* 
99-63 
102-22 

The  deviations  of  the  observed  boiling  points  from  the  theoretical 
curve  are  shown  in  Fig.  1  (p.  50). 

The  constants  for  Biot's  shorter  formula  for  toluene  have  been 
already  given ;  those  for  the  larger  formula  for  benzene  are  taken 
from  a  former  paper  (Trans.,  loc.  cit.). 

The  usual  comparison  of  pressures  is  given  below  : 


Molecular  percentage 
of  toluene 

Calculated  pressures 

24-94 

699-88 

760-57 

819-90 

50-00 

701-80 

762-95 

822-90 

72-46 

703-96 

764-55 

823-60 

Mean 

701-88 

762-69 

82213 

Observed  pressures  700  00 


76000 


82000 


A  +1-88  +2-69       •  +2-13 

The  deviations  are  very  small  in  this  case,  but  they  do  not  corre- 
spond in  direction  with  the  temperature  and  volume  changes. 

IV.  Carbon  Tetrachloride  and  Benzene, 

A  fresh  quantity  of  carbon  tetrachloride  was  obtained  from  Kahl- 
baum  ;  it  was  distilled  through  the  18  column  dephlegmator,  and  was 
found  to  boil  quite  constantly.     It  was  distilled  over  phosphoric  oxide. 

The  boiling  point  and  sp.  gr.  of  benzene  have  been  already  given. 
Those  of  carbon  tetrachloride  are  as  follows : 


Boiling  point. 


Pressure, 
mm. 

7570 


Temperature 


obe. 
76-62'' 


corr.  to  760  mm. 
76-75° 


Sp,  gr,  at  0°/4°. 
1-63257  Old  result  1-63256* 


•  Trans.,  1891,  69,011. 


Gl 


(  atUMi  totiAchloride     50*10 
\h'u:.v\  r  1000 

lOlldll 


Volu! 


1  :>n.. 
ramobs....  0-7787:» 
„    caIc...     0-77UUI 


Difference-  -0  00118 
PeroenUge  difference   -0*151 
From  ^ta  obtained  by  Thorpe  and  Rodger  (Trans.,  1897,  71,  363) 
he  pereentage  contraction  would  be  0*06,  and  obsenrations  of  I'    I  * 
•mwci  (Trans.,  1881,  39,  202)  lead  to  the  Taluo  0022. 

Chiitwe  of  UmpercUttre  on  mixiwj. 


Carbon  tetrachloride 
Bensene  


Mulecttlar  composition. 
50*1 


49-9 


1000 


Mixture.  ^. 

17*62^  -0-69« 


Carbon  tetrachloride.    Bcnxenc.  Mean. 

Temp.   .  .     18*33''  18*29^  18*31° 

As  is  often  the  case  with  liquids  which  are  not  closely  related,  there 
>  contraction  associated  with  a  fall  in  temperature  on  mixing  : 

BciUng  PoinU  of  Mixtures  of  Carbon  Tetracfdoride  and  Benzene, 
Molecular  percentages  of  benzene. 


24-iO. 

60  00. 

7600. 

Pressure, 

mm. 

Temp 
72-22' 



Prean»«, 
mm. 

658-9 

Temp. 

Pressure, 
mm. 

657*7 

Temp. 

656 -6 

73  or 

78W 

««8*4 

72  86 

670  7 

78-56 

670  3 

74-59 

681*6 

73  47 

6821 

7411 

681-6 

7611 

098  7 

74  03 

693  8 

74*64 

693-5 

76-69 

707*4 

74-64 

705*8 

75-21 

706^ 

76-26 

721*1 

7531 

7185 

75*83 

718-1 

76  82 

734-6 

75  93 

729-5 

76  33 

788-2 

77*46 

7461 

7643 

7433 

76*92 

743*4 

77*97 

7516 

76-69 

754-3 

77*40 

752^ 

7886 

764  3 

7718 

7rt3  2 

77  79 

762*7 

78-78 

774*5 

77-62 

773  9 

78*25 

773  8 

70*28 

7851 

78-f  ■ 

>4-r, 

78-68 

784  8 

70*69 

795  9 

78-:.; 

.  .'4  9 

7910 

796*4 

80-17 

808*0 

79*03 

804-8 

79*54 

807*6 

80-66 

819*7 

79*53 

•159 

8000 

810'S 

81  12 

832-6 

80-03 

827*4 

80  45 

830-4 

81-67 

844  4 

80  52 

888*2 

80^3 

841-4 

82  02 

849-1 

81-36 

"■^ 
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The  boiliDg  points  at  700,  760,  and  820  mm.,  read  from  the  curve, 
are  as  follows  : 


Pressure, 

Molecular  percentages  of  benzene. 

mm. 

24-20 

50-00 

75  00 

700 

760 
820 

74-32 
77  00 
79-53 

74-95 
77-65 
80-17 

75-98 

78-67 
81-15 

The  deviations  of  the  observed  boiling  points  from  the  theoretical 
curves  are  shown  in  Fig.  2.  It  will  be  seen  that  they  are  much  larger 
than  in  the  case  of  closely  related  liquids. 


Fio.  2. 


80' 


78 


."g    70 

:3    74 

72 


70 


68 


f 

fl/irbO 

rtHetrSi 

\dondi 

an0i 

>nienS^ 

..-O" 

^____^^ 

OJfiii-- 

( 

)--■■' 

/ 

c 

ri 

r 

••rrrrrr 

-o— 

.**1 

.;^ 

X 

,XJ 

i' 

^ 

.^ 

A 

^ 

^ 

o--^ 

<<^- 

o-o 

.•"< 

.Jb"' 

10         20  SO  40  50  60 

Molecular  percentage  of  A, 


70 


80  90      100 


The  constants  for  Biot's  larger  formula  for  carbon  tetrachloride  are 
given  in  a  former  paper  (Trans.,  loc»  eit.). 

The  comparison  of  pressures  is  given  in  the  following  table : 


ROIUNO   POINTS   OK  MIXKD   I.IQUIIW.      PAnT   II. 

Oilctiliitr<l  |iT<   Mil.  V 


on 


r><>(iu  680*13 

76  00  683-45 

Mean.  6831 

Obeerveti  |in»Bun?s  7000 

A  -16-9 


74511 
739*85 
743-30 

742*7 
760*0 

-17-3 


799*02 
801*96 

801*9 
8200 

-181 


The  differences  are  much  larger  than  with  the  pairs  of  closely 
related  liquids  and  correspond  in  direction  with  th%  temperature 
change. 

Reference  has  been  made  to  the  fact  that  mixtures  of  these  sub- 
stances have  been  investigated  by  Linebarger,  Lehfeldt,  and  Zawidf»ki. 
The  method  employed  by  Linebarger  does  not  appear  to  give  good 
results  with  volatile  liquids,  and  his  observed  vapour  pressures 
differ  somewhat  widely  from  those  of  Lehfeldt  and  of  Zawidski. 

A  comparison  of  the  results  obtained  by  the  latter  experimenters 
with  our  own  may  be  made  by  calculating  the  theoretical  vapour 

pressures  of  the  mixtures  from  the  formula  P-^-^ — \r— — ^^  ,  and 
the  ratios  of  the  observed  to  the  calculated  pressures  — 


\ 

oung  and 

Fortey. 

Zawidski 

(at  49-99"). 

Molecul&r 

|«rc<DUfje 

f 

of  benzene. 

F. 

P. 

P- 

F. 

P. 

T' 

P- 

306-8 

298-6 

fUHO 

700 

685-72 

1021 

23-48 

1028 

If 

760 

745-11 

1-020 

32-45 

805-2 

295-0 

1-035 

ff 

820 

804-84 

1019 

44-13 

301-0 

290  3 

1-037 

60-00 

700 

68013 

1029 

60-47 

294  5 

283-8 

1088 

760 

789  86 

1-027 

70  53 

288-3 

279-8 

1-080 

820 

799  02 

1026 

74-85 

285-4 

2781 

1026 

761)0 

700 

683-45 

1  024 

82-42 

281*5 

276-0 

1-024 

760 

743-30 

1-022 

88-80 

277-6 

272-7 

1  018 

•• 

820 

80196 

1022 

94-98 

271-8 

270-0 

1007 

r;4 
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Lehfeldt  (at  60'). 


88-69 
69-56 
84-22 


802-3 

290-0 
281-0 


1025 
1-025 

roi4 


At  first  sight,  our  results  appear  to  agree  better  with  Lehfeldt's 

P' 
but  in  our  experiments  the  ratio  —  increases  as   the    pressure   falls, 

and  if  the  rate  of  increase  remained  constant,  the  ratios  corresponding 
to  the  pressures  at  50°  would  be  very  close  to  those  derived  from 
Zawidski's  observations. 

The  boiling  points  of  mixtures  of  n-hexane  and  benzene  under 
normal  pressure  have  been  determined  by  Jackson  and  Young  (loc.  cit.). 
The  curve  showing  the  relation  of  temperature  to  composition  is  given 
in  Fig.  2  (p.  62).  The  sp.  grs.  of  these  hydrocarbons  are  given  in  the 
above  paper,  and  also  the  expansion  on  mixing  in  different  proportions. 
For  equal  molecules,  this  would  be  0-399  per  cent.  The  temperature 
change  has  now  been  determined  with  the  following  results : 


w-Hexane. 
17-27° 


Benzene. 
17-23° 


Mean. 
17-25° 


Mixture. 
12-55° 


A. 

4-7° 


Temp. 

Although   the     volume    and    temperature   changes   correspond   in 
direction,  the  latter  is  relatively  much  the  greater  of  the  two. 


Discussion  of  Results. 
Experimental  Errors. 

Owing  to  the  fact  that  when  a  mixed  liquid  evaporates  the  compo- 
sition of  the  vapour  differs  in  general  from  that  of  the  liquid  in  such 
a  manner  that  the  residual  liquid  becomes  richer  in  the  less  volatile 
component,  it  is  of  great  importance  that  in  determining  the  boiling 
point  the  vapour  phase  should  be  kept  as  small  as  possible. 

The  greater  the  difference  between  the  vapour  pressures  of  the 
two  components  into  which  the  mixture  would  separate  on  distillation 
(whether  the  original  substances,  or  one  of  them  and  a  mixture  of 
constant  boiling  point),  the  greater,  as  a  rule,  the  difference  between 
the  composition  of  the  liquid  and  of  the  vapour. 

In  the  actual  experiments  it  was  noticed  that  with  mixtures  of 
carbon  tetrachloride  and  benzene  the  rate  of  ebullition  could  be  con- 
siderably  altered   without  appreciably  affecting  the  reading  of  the 
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lormomcter  in  the  VApour,  where%8  with  n-hexane  and  n-ootAoe  a 
difftreoM  of  0  5^  was  eatilj  produced.  For  thin  roaaoD,  the  ozpeii- 
mtDtal  •iron  in  the  lattor  ease  are  probably  much  larger,  aod  to  get 

;oroughlj  satisfactory  results,  inasmuch  as  the  neck  of  the  Teesel 
could  not  be  made  mooh  smaller,  it  would  be  neoessary  to  use  a  much 
lat^r  bulb  to  as  to  increase  the  volume  of  the  liquid  relatively  to 

At  of  the  vapour. 

If  a  caMully  dehydrated  liquid  is  exposed  to  the  air,  even  for  a  short 

me,  especially  if  it  is  poured  from  one  vessel  to  another  so  that  a 
l^rge  surface  is  expoeed  to  the  air,  a  certain  amount  of  moisture  is 
almost  invariably  abeorbed.  It  is  not  only  liquids  which  are  regarded 
as  hygroscopic  which  thus  absorb  moisture,  but  even  substances  like 
bensene  and  the  paraffins,  which  are  classed  as  non-miscible  with  water. 
As  a  matter  of  fact,  it  is  probable  that  no  two  liquids  are  absolutely 
non-miscible,  and  certainly  all  commonly  occurring  liquid  organic  com- 
pounds can  dissolve  appreciable  amounts  of  water. 

When  enoh  a  liquid  as  benzene  or  carbon  tetrachloride,  containing  a 
minute  amount  of  dissolved  water,  is  heated,  a  mixture  of  minimum 
boiling  point  will  first  be  formed,  and  the  first  small  portion  of  distil- 
late will  contain  the  whole,  or  at  least  the  greater  part,  of  the  water, 
and  will  probably  be  turbid. 

It  is  almost  impossible  to  mix  two  liquids  together  in  such  a  way  as 
to  avoid  all  absorption  of  water,  and,  as  a  matter  of  fact,  it  was 
noticed  in  every  case  that  the  liquid  which  condensed  in  the  side-tube 
was  at  first  slightly  turbid.  The  condenser  was  allowed  to  become  warm 
so  that  the  vapour  rose  nearly  to  the  top  of  the  side-tube.  The  minute 
drops  of  condensed  water  adhered  to  the  sides  of  the  tube,  and  after  cool- 
ing the  condenser  so  as  to  cause  the  conden<:ation  again  to  take  place  at 
a  lower  level,  the  water  was  removed  by  means  of  a  strip  of  filter  paper. 
The  process  was  repeated  two  or  three  times,  if  necessary,  until  no 
further  turbidity  could  be  seen.  There  was  no  appreciable  loss  of  the 
mixture  during  the  removal  of  the  water. 

General  Conclttsiojis. 

1.  The  volume  and  temperature  changes  on  mixing  closely  related 
substances  are,  in  all  the  observed  cases,  very  small,  but  it  is  only  with 
chlorobenzene  and  bromobenzene  that  they  can  certainly  be  said  to  be 
within  the  limits  of  experimental  error.  With  the  two  esters,  these 
limits  are  very  closely  approached,  whilst  with  benzene  and  toluenCi 
which  are  somewhat  less  closely  related,  the  changes  are  distinctly 
larger,  and  for  mixtures  ofoensene  with  n-hezaoe  and  with  carbon 

rachloride  they  are  very  much  larger. 

■a.  The  formula   F'^^^^'^^l^^'''^^'  is  nearly,  if  not  quite,  true 
I^HrOL.  LXXXIII.  F 
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for  closely  related  liquids,  even  when  the  critical  pressures  are  widely 
different ;  it  is  not  generally  true,  however,  for  mixtures  of  liquids  of 
normal  molecular  weight,  Buch  as  benzene  and  n-hexane  or  benzene  and 
carbon  tetrachloride,  which  are  not  closely  related,  although  Zawidski 
(loc.  cit.)  has  shown  that  the  formula  does  hold  good  for  benzene  and 
ethylene  dichloride. 

Of  the  five  pairs  of  closely  related  liquids  examined,  it  is  only 
chlorobeuzene  and  bromobenzene  which  show  absolutely  no  temperature 
or  volume  change  on  mixing,  and  for  mixtures  of  which  the  vapour 
pressures  are  accurately  given  by  the  above  formula,  and  it  is  only 
this  pair  of  liquids  which  have  the  same  critical  pressure.  The 
deviations  in  the  other  cases  are,  however,  so  small  that  it  remains  an 
open  question  whether  equality  of  critical  pressure  is  a  necessary 
criterion  for  absolute  agreement  with  the  formula.  It  appears  at  any 
rate  that  equality  of  critical  pressure  without  closeness  of  chemical 
relationship  is  not  a  sufficient  criterion. 

It  may  certainly  be  stated  that  in  the  case  of  closely  related 
substances,  whatever  their  critical  pressures,  the  deviations  are,  as  a 
rule,  at  any  rate,  exceedingly  small. 

In  the  paper  on  **  Fractional  Distillation  as  a  Method  of  Quantitative 

Analysis"  (Trans.,  1902,  81,  752),  reasons  were  brought  forward  for 

concluding  that  n-hexane  and  benzene  form  a  mixture  of  minimum 

boiling  point,  containing  about  5  mols.  per  cent,  of  benzene,  but  the 

difference  between  the  boiling  points  of  this  mixture  and  of  7i-hexane 

(about  0*035°)  is  too  small  to  be  measured  by  ordinary  thermometric 

methods,  and  the  existence  of  the  mixture  of  constant  boiling  point 

has,  indeed,  not   been   actually  proved   by  direct   experiment.     The 

maximum  deviation  of  the  observed  from  the  theoretical  boiling  point 

curve  is  much  greater  than  for  carbon  tetrachloride  and  benzene  (3*4° 

against  09°),  but  at  the  same  time  the  difference  between  the  boiling 

points  of  the  pure  components  is  also  much  greater  (11 '3°  against  3'4°). 

It  seems,  at  first  sight,  improbable  that  two  liquids  such  as   benzene 

and  carbon  tetrachloride,  which  have  so  nearly  the   same  value   of 

dt     1 

J  .  J,  at  their  boiling  points  (0'000121  and  0000123)  and  for  mixtures 

of  which  the  maximum  difference  between  the  observed  and  the 
theoretical  boiling  points  (0'9°)  is  so  small,  should  form  a  mixture  of 
minimum  boiling  point.  Yet  there  are  i-easons  for  believing  that  such 
a  mixture  is  formed  and  they  may  be  stated  shortly  as  follows  : 

Lehfeldt  {loc.  cit.)  has  determined  the  relations  between  the  com. 
position  of  the  vapour  and  of  the  liquid  for  mixtures  of  these  substances 
and  gives  the  formula  : 

log<«0065  +  0-9«7  log9, 
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wUcrv  t  in  the  ratio  of  tk«  maan  of  carbon  totnushloride  to  that  of 
bi'uxone  in  the  Tapoor  and  q  the  ratio  in  the  liquid. 

Now,  with  thaae  constants,  logl-ilog^  when  9«16*8i,  that  is  to 
sAy,  a  mixture  containing  94-4  per  cent,  by  weight,  or  89*5  molecules 
\yer  cent,  of  carbon  tetrachloride,  would  distil  unchanged. 

Z»widKki.(^oe.cii.)  has  also  determined  the  vapour  pressures  of  mix- 
'  iires  of  the  same  substances  and  the  relations  between  the  composi- 
.»ii  nf  vAnrkiir  «"•!  of  Uquid,  Slid  hs  omploys  the  formute 

,-;>-■'-"•*?<->'     and      ,..-/',(l-x)>*?-. 

\v   <  :>        ml  p^  are  tho  partial  pressures  of  the  components  (which 

:ui  {>:w|>  1. .  >iial  tD  the  number  of  their  molecules  in  the  vapour),  and 

/',  and  P^  the  vapour  pressures  of  the  pure  components  at  the  tem- 

^^erature  of  observation  ;  m  is  the  molecular  fractional  amount  of  the 

.rst  component ;  04,  a,,  /S^,  and  p^  are  constants,  such  that  jS^  ■*  14  4- a, 

and  /3,  -   -  a,.     The  constants  given  are  04  =*  0308 ;  a,  -  000733. 

For  xi-0'95  (x  representing  the  molecular  fractional  amount  of 

carbon  tetrachloriie),  pj »  292*71,  p,-*  15*42,  giving  a  total  of  30813, 

while  the  vapour  pressure  of  pure  carbon  tetrachloride  is  3080.     If 

these  constants  are  correct,  there  is  then  a  maximum  vapour  pressure, 

but  it  is  so  little  higher  than  that  of  carbon  tetrachloride^that  it  would 

be  hardly  possible  to  observe  it  experimentally.     It  may,  however,  be 

dw 
mentioned  that  Zawidski    gives    the    following  values  of    7-;  for 

x  —  0  and  x-  1  read  from  the  vapour  pressure  curve  ;  (yi)  ="   +90  ; 

i-^j»   —4*3,  so  that  he  does  assume  the  existence  of  a  point  of 

maximum  pressure. 

According  to  F.  D.  Brown  (Trans.,   1881,  39,  304),  the  relation 

between  the  composition  of  vapour  and    of  liquid  is  given  by  the 

Xf       to. 
formula  -l  — c-1,  where  x^  and  x,  are  the  relative  weights  of  the  com- 

X,         «0j 

lents  in  the  vapour  and  tOj  and  to,  in  the  liquid  (or,  of  course,  x 

id  to  may  refer  to  the  number  of  molecules  if  the  molecular  weights 

normal).     There  is  evidence,  which  will  be  given  in  a  later  pabli- 

ioo,  that  Brown's  law  is  true  for  mixtures  the  vapour  prMsoret  of 

lich  are  accurately  given  by  the  formula  PmJ--^ —  *,  but 

lUu 

»t  otherwise.      If,  however,   the    pressure  deviations  are  small,  a 
lification  of  the  formula,  namely,  —  ""C^'    (where  c^e^-k-of,  c^ 

Xj  1 

id  a  being  constants),  gives  fairly  good  resolta. 

r  2 
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For  carbon  tetrachloride  and  benzene,  Lebfeldt's  experimental  re- 

ff  w 

suits  would  lead  to  the  formula  -  «(0-984  +  0003;>)^,  whilst  those  of 

Zawidski  are  Well  represented  by  the  formula 

^-(0-961 +0-0036;>){^^ 
Xj  n^ 

In  the  first  case,  c'  =  1  when  p  (the  molecular  percentage  of  benzene) 
«=s6  7,  and  in  the  second  case  whenp—  10-8;  and  when  c'=  1  the  mix- 
ture would  distil  without  change  of  composition  and  at  a  constant 
temperature. 

Lehfeldt's  formula,  as  has  already  been  shown,  would  indicate  the 
existence  of  a  mixture  of  constant  boiling  point  containing  10*5 
molecules  per  cent,  of  benzene. 

All  these  considerations  lead  to  the  same  conclusion,  that  a  mixture 
of  minimum  boiling  point  is  formed,  but  it  is  not  possible  to  ascertain 
the  composition  of  the  mixture  with  any  great  accuracy. 

University  College, 
Bristol. 


VI. — Ilie   Vapour    Pressures    and    Boiling    Points    of 
Mixed  Liquids,     Part  III. 

By  Sydney  Young,  D.Sc,  F.R.S. 

In  parts  I  and  II  (Trans.,  1902,  81,  768  ;  and  this  vol.,  p.  45)  it  has 
been  shown  that  for  two  closely  related  chemical  compounds,  whether 
their  critical  pressures  are  equal  or  not,  the  vapour  pressures  of  any 
mixture  may  be  calculated  with  a  close  approximation  to  accuracy  by 

the  formula  7'  =  ^/'^l±112^Z^!)^,  when  P,  P^,  and  Pg  are  the  vapour 

pressures  of  the  mixture  and  of  the  two  components  A  and  B  respec- 
tively at  the  same  temperature,  and  p  is  the  molecular  percentage  of 
A,  In  other  words,  the  relation  between  the  vapour  pressures  and  the 
molecular  composition  of  mixtures  of  the  two  liquids  at  constant 
temperature  is  represented,  very  nearly,  at  any  rate,  by  a  straight 
lioe. 

On  the  other  hand,  the  relation  between  the  boiling  points  and  the 
molecular  composition  of  mixtures  of  two  closely  related  compounds 
18  represented  by  a  curve  which  approximates  more  and  more  closely 
to  a  straight  line  as  the  difference.  A,  between  the  boiling  points  of  the 
two  compounds  under  normal  pressure  diminishes.    Thus,  taking  the 
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vnlticH  im'imiI  .t>ii  from  tho  vi«|H>*ir  pras«ureii  by  moanii  of  the  formuU 

/>  '       /•       ;.         '^  oorreot,  we  hmr%  the  following  reeultt : 

'  *  ■   '  « 

Tablk  I. 


I.iqnida  in  mixturs. 

A. 

Iffaitmuin  iIctU- 

tion  from 
straight  line  sD. 

AnproximaU 
molecular  tier* 
cenUgtof  J 

A.                               A 

eommonding  to 

KOctMM                    i».H«nM 

ToIqmm                      Benjti-iM 

K(hjrIbtUM6              Tolaeno    

BromobMiiene            Chlorobenrene 

M-«8* 

88-83 

25-67 

241 

21-96 

-10  •80'' 
-3-22 
-2-22 
-1-91 
-1-83 

610 
66  0 
64-6 
66-0 
54-5 

It  i«  evident  that,  as  A  diminishes,  D  falls  rapidly  and  ;>|>  slowly. 

I  have  calculated  valaes  of  p  and  the  corresponding  deviations,  d,  for 
a  number  of  pairs  of  closely  related  liquids  in  order,  if  possible,  to  find 
the  relation  between  A,  Z),  and  p^.  The  data  for  one  pair  of  liquids  are 
given  below,  and  the  curve  obtained  by  plotting  d  against  p  is  shown 
in  the  figure.     From  the  form  of   this  curve  it  is  evident  that  the 
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maxiraum  deviation,  /),  can  be  ascertained  with  far  greater  accuracy 
than  the  corresponding  molecular  percentage,  /?d,  of  A.  The  difficulty 
in  estimating  the  true  value  of  po  increases  as  A  diminishes,  and 
becomes  very  great  when  A  is  less  than  2°  or  3°. 

The  two  liquids  nre,  A,  propyl  aceUte,  b.  p.  101*58°,  and  B,  methyl 
aceUte,  b.  p.  5715°;  A  =  44-43°. 


Table  II. 


Vapour  Pressares. 

1 

1 

^^^"-iTo. 

mm. 

p,-p.,. 

mm. 

r- 

ff- 

A. 

B. 

t     C 

mm. 

ram. 
782  9 

58 

158-7 

22-9 

624-2 

8-67 

58 -78' 

-0-78'' 

62 

186-9 

897-8 

137-8 

710-9 

19-38 

65-76 

-3-76 

6S 

219-2 

1025-6 

265-6 

806-4 

32-94 

71-78 

-5-78 

70 

256-1 

1167-2 

407-2 

911-1 

44-69 

77  01 

-7  01 

74 

297-8 

1323  8 

668-8 

1026-0 

54-95 

81-57 

-7-57 

78 

845-0 

1496-3 

736-3 

1151-8 

63-95 

85-56 

-7-56 

82 

898-0 

1685-9 

925-9 

1287-9 

71-89 

89  09 

-7  09 

86 

457-5 

1893-5 

1133-5 

1436-0 

78-94 

92-22 

-6-22 

90 

523-9 

2120-8 

1360-3 

1596-4 

85-21 

95-01 

-5  01 

94 

597-7 

2367-5 

1607-5 

1769-8 

90-83 

97-51 

-3  51 

98 

679-5 

2636-8 

1876-3 

1956-8 

95-88 

99-75 

-1-75 

The  data  for  19  pairs  of  liquids  are  given  inTable  III  (p.  71).  The  values 
of  c(  —  .-=  where  |)«  pressure  j,  which  will  be  referred  to  later,  have 

been  taken  for  the  most  part  from  the  paper  on  the  "  Correction  of  the 
Boiling  Points  of  Pure  Liquids  from  Observed  to  Normal  Pressure " 
(Trans.,  1902,  81,  777). 

The  molecular  percentages  of  A  corresponding  to  the  maximum 
temperature  deviations  are  reproduced  with  sufficient  accuracy  by  the 
formula  /)d«50  +  0'18A,  as  will  be  seen  by  a  comparison  of  the 
numbers  in  the  last  two  columns  of  Table  III. 

Of  the  various  groups  of  compounds  included  in  the  table,  the  halo- 
gen derivatives  of  benzene  show  the  closest  resemblance  in  their 
physical  properties,  and  it  may  be  well  to  consider  first  the  six 
possible  pairs  obtainable  from  the  pure  compounds.  It  will  be  seen 
from  table  IV  that,  for  these  mixtures,  D  is  roughly  proportional 
to  ^  \  but  the  actual  temperature  should  also  be  taken  into  account, 

and  a  better  result  is  obtained  if,  instead  of   Ky^ »  -^ ,  we    take 

DT 
K .  -    ^j   ,  where  T  is  the  mean  of  the  two  boiliug  points  on  the 
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"i 


ill. 


Uqaida  In  aiiiturr. 


A. 


U. 


Ml*« 


MlHft 
461 -U 
S4I-97 
STl-M 


sri-M 


40t*17 
S60-14 

n4-M 

S74*ft8 

870-47 


SM** 


M9-1S 
M9*1S 
IMIS 
S4l'fT 
t4l-«T 

tMtr 


S50-lft 
SMI5 
351 -St 


«t-M 


1M15 
t410 

srss 
n*s4 
•tts 

»-4P 
M-6S 

ri4 

•0-83 
»'57 
10-0& 
44*88 
S4-48 

n-M 

19-15 


«xio«. 


ISO 


Itt 

ISl 

no 
isi 
no 
no 

110 
ISO 
114 
114 
114 

lis 

04 


B. 
ISO 


Mi 
lii 
125 
Itt 
IM 
ISl 
ISl 
ISO 
IIS 
118 
114 
114 
04 


D, 


-lO-M 
-•tM 

-101 
-0-M 

-S-16 
-4-04 
-18-84 
-n  15 
-8M 

-logo 

-8-43 
-8-88 
-8« 

-1«2 
-7-6S 
-8-86 
-1-88 
-1-67 


r»- 


M-f^-lt^ 


M-6 

68-0 
66*8 

86-0 
60-0 
&6-« 

U-0 
61 -S 
66-0 
65-0 
61-0 
55  0 
56-0 
51  5 
550 
58 -0 

to-o 

54-5 
&S0 


86-» 
•St 
•65 
84*4 
6«t 
W-» 

u-o 

611 
64-0 
66*3 
608 
54  9 
5i-5 
S4-6 
53-6 
58-0 
84  5 
54-0 
53  5 


*  Tta  baOfaiff  poiata  hart  baea  oaletiUtod  fron  Biot'i  formoU  and  usaalljr  differ  tligbUjr  from 
ilMM  dinelly  obavrwL 


absolute  scale.    The  agreement  is  still  better  if  we  take  into  account 

10   fact   that   the  molecular  percentage   of  A   corresponding   to   D 

DT 
depends  on  A,   and  if  we  write   K^  =  -rj- 1    where 

(50  4-018A)r,-t-(50-0-18A)7'^ 


r« 


100 


Table  IV. 


Liqaida 

in  mixture. 

K,^^' 

A. 

B. 

^•-■^ 

hloraboiSBiie 

'  rttmolMMIimM 

Flnorobenxene 

*> 

Chlorobenzenc 

1       1       1       1       1       1 

OOOOOO 

-1-824 
-1-JOO 
-1-261 
-1-371 
-1-800 
•  1-844 

-1-888 
-1-880 
-1-820 
- 1  -375 

iobeoseM 

» 
Bromobensenc 

-1-817 
-1-860 

The  value  of  e  is  the  sajfne  for  the  four  halogen  derivatives  of 
benzene,  and  for  a  Urge  number  of  compounds  it  varies  only  slightly, 
but  it  is  considerably  lower  for  substances  the  molecules  of  which  are 
associated  in  the  liquid  state.     Of  the  compounds  included  in  table 
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III,  ?i-pentane  and  n-hexane  have  the  highest  values  of  c  (0  000125 

and  0*000122)  and  ethyl  alcohol  and  propyl  alcohol  the  lowest  (both 

0*000094),  and  we  may  usefully  compare  mixtures  of  n-pentane  and 

w-hexane  with  those  of  the  two  alcohols. 

The  values  of  JC^atq   -1*227  and  -1*643  respectively,  but  if  we 

multiply  these  numbers  by  the  values  of  c'  calculated,  like  those  of 

^,  ,  ,  .        ,      (50  +  0*18A)e^  +  (50-0*18A)c3 

r,  from   the    equation  c  " —y~ —  ,  we    get 

Do.r 
for  K^^—^ — the  values  -0*000151  and  -  0*000154,  which  agree 

well  together. 

For  any  series  of  closely  related  compounds  there  is  usually  no  great 
variation  in  the'value  of  c,  but  as  has  been  shown  in  the  paper  referred 
to  (Trans.,  1902,  81,  781)  the  tendency,  in  a  homologous  series,  is 
for  c  to  diminish  as  the  molecular  complexity  increases.  Thus  for  the 
normal  paraffins,  pentane,  hexane,  heptane,  and  octane,  the  values  of  c 
are  0000125,  0  000122,  0*000121,  and  0*000119  respectively.  Calcu- 
lating K^  for  iodobenzene  and  fluorobenzene,  which  have  the  same 
value  of  0,  00001 20,  and  for  octane  and  pentane  with  the  values 
0*000119  and  0*000125,  we   get    -0*0001584   and    -0*0001510  re- 

spectively.     If  now   we   multiply   these   values  of   K^  by  -^  we  get 

-0*0001584  and  -0'0001586,  and  generally,  the  best  agreement  is 
obtained  with  the  formula 

Taking  -0*000158  as  the  mean  value  JTg  so  that 
_  0*000158A2c^ 

c.i  .c^ 
we  get  the  results  given  in  table  V  (p.  73). 

Let  us  now  consider  the  behaviour  of  liquids  which  are  not  closely 
related  to  each  other.  We  must  find,  firstly,  whether  the  maximum 
deviation,  Z^j,  calculated  from  the  vapour  pressures  of  the  components 

on  the  assumption  that  the  formula  P  =  ^-^ —  \m  ^  ^^^*^*  ^°^' 
agrees  with  those  given  by  the  equation  Z)^  = r«5 •>  and, 

0.1  .Og 

secondly,  whether  the  maximum  deviations  calculated  from  the  vapour 
pressures  agree  with  those  directly  observed. 

We  must  also  find  whether  the  formula /?^  =  50 +  018A.  is  applicable 
to  mixtures  of  liquids  which  are  not  closely  related. 

The  data  for  twenty  pairs  of  liquids  are  given  in  Table  VI  (p.  74),  the 

.  c 

mixtures  being  arranged  in  ascending  order  of  — . 
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Table  V. 


I.i<iaidi  in 

mixture. 

1>X' 

ffiiiii 

Diflferenort. 

from 

vap. 

foriuula. 

obaeivoU. 

A. 

a 

piMi. 

A,-D,. 

/>.-A. 

• 
ChlorobtiiMM 

Floorobenxeno 

-7  60* 

-7-48* 

__ 

+  012* 

__ 

II 

-16-60 

-16  44 

— 

+  016 

.^ 

lodobMiMM 

II 

-82-80 

-32  78 

_ 

+  0-07 

^ 

BramobtuMM 

Chlorobensene 

-191 

-1-88 

-   1-94 

+  0  08 

-0  08 

lodobMIHM 

II 

-9-56 

-9-66 

— 

0 

IcHiobeasMM 

Bromobenicne 

-816 

-8-08 

— 

+  0  08 

.^ 

n  \\fXMMk% 

i»-Pentane 

-4-04 

-412 



-008 

_ 

»  Hepfeui« 

-18-84 

-18-97 



-0-13 

^ 

MOct»n« 

-2716 

-27-04 



+  0*11 

_ 

N  HeptaM 

«-Hexaiic  

-  3-08 

-813 

— 

0  05 

__ 

n-Octam 

t« 

-10-80 

-10  98 

-10-58 

-018 

+  0-27 

R  OctaiM 

fi- Heptane    ... 

-2-43 

-2-48 

— 

-0^5 

Tolaena 

Benzene    

-8-22 

-3-22 

-3  06 

0 

+  016 

KthylbeoMne 

Toluene 

-2-22 

-2-17 

-1-99 

+  0-06 

+  023 

Kthyl  acetate 

Methyl  aceUte 

-162 

-1-64 

-0  02 



Propyl  acetate 

II 

-7-68 

-7  76 

-0-13 

_ 

Propyl  acetate 
Ethyl  propionate 

Ethyl  aoeUte.. 

-2  26 

-2-28 



-0  02 

— 

Ethyl  aceUte.. 

-1-88 

-1-84 

-   2-00 

-001 

-0-17 

Propyl  alcohol 

Ethyl  alcohol . 

-1-67 

-1-71 

— 

-0-04 

— 

The  differences  between  the  values  of  p^j  calculated  from  the  formula 
7'^  =  50  +  0- 18a  and  those    deduced    from  the  vapour  pressures  are 

generally  small  when  —  does  not  differ  greatly  from  unity ;  they  are 

invariably  positive   when  -^  is  very  small  and  negative  when  this 

ratio  is  large. 

As  regards  the  maximum  deviations,  D,  it  must  be  remembered 
that  when  A  has  a  low  value,  both  D^  and  D^  and  therefore  D^^D^t 
are  necessarily  very  small ;  the  relative  as  well  as  the  actual  differ- 
ences should  therefore  be  considered. 

It  will  be  noticed  that  when  —  is  less  than  unity  and  A  is  small, 

Cb 

/>i  may  have  a  small  positive  value  amounting,  in  the  case  of  ethyl 

fcoholn-hexane,  to  0-23'^.     For  values  of  —  between  0*95  and   1*05 
le  actual  differences,  Z),  -  D^,  are  quite  small,  and  in  only  one  east 
I  the  whole  table  does  the  difference  exceed  1®. 
We  may  therefore  conclude  that  the  maximum  temperature  devia- 
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Id  good  in«7  be  ci\tcuUt<H{  with  oonKitlerable  arcumcy  from  the 

0  000 158.  Ale,  e, 

uaUon  />  -   -  ,  when  -^  has  a  value  between  0  05  and 

e.i  Xg  Cg 

i  05  and  probabljr  between  0*9  and  I'l,  and,  in  the  majority  of  oaaee, 
within  1**  whatever  the  value  of  -^. 

It  is  only  in  a  comparatively  small  number  of  cases  that  />,  can  be 
^•xrurately  aMoertained,  experimental  data  being  either  insufficient  or 

together  wanting,  but  there  is  evidence  that  the  true  boiling  pointa 
of  mixtures  of  liquids  which  are  not  closely  related  are,  aa  a  rule,  oon- 
siderably  lower  than  those  calculated  from  the  vapour  pressures, 
although  ocoasionally  higher,  and,  of  the  20  pairs  of  liquidH  in  the 
table,  certainly  11  and  probably  at  least  2  others  form  mixtures  of 
minimum  Iwiliug  point,  and  one  forms  a  mixture  of  maximum  boiling 
point. 

In  the  great  majority  of  cases  where  the  formation  of  mixtures  of 
minimum  boiling  point  has  been  observed,  one  of  tho  two  liquids  in  a 
hydroxyl  compound — an  alcohol,  an  acid,  or  water — and  water  also 
forms  such  mixtures  with  all  the  lower  alcohols  except  methyl  alcohol. 

is  well  known  that  molecules  of  these  liquids  are  more  or  less  asso- 
ciated in  the  liquid  state,  and  we  may  therefore  conclude  that  mixtures 
of  minimum  boiling  point  are  most  readily  formed,  and  that  Z>,  -  D^ 
has  the  greatest  negative  value  when  one  or  both  of  the  liquids 
exhibit  molecular  association. 

It  is  probable  that  the  molecules  of  acetone  and  also  of  the  lower 
aliphatic  esters  are  associated  to  a  slight  extent  in  the  liquid  state  and, 
according  to  Ryland  (Amer,  Chem.  J.,  1899,  22,  384)  the  following 
pairs  of  liquids  form  mixtures  of  minimum  boiling  point :  (1)  Carbon 
disulphide  and  acetone,  (2)  carbon  disulphide  and  methyl  acetate, 
n)  carbon  disulphide  and  ethyl  acetate,  (4)  acetone  and  methyl  acetate 

I  acetone  and  ethyl  iodide,  (6)  ethyl  iodide  and  ethyl  acetate. 
Zawidski  (Zeit,  phy$%kal.Chem.,  1900,  35,  128)  has  also  shown  that  the 
first  and  last  of  these  pairs  of  liquids  form  mixtures  of  maximum 
vapour  pressure. 

According  to  Speyers  (Amer.  J.  Sci.^  1900,  [iv],  9,  341),  a  mixture 
of  minimum  boiling  point  cannot  be  formed  when  both  constituents  have 
normal  molecular  weights  at  all  concentrations,  but  this  conclusion  does 
not  appear  to  be  borne  out  by  the  facts,  and  it  is  clear  that  when  A  is 
very  small,  a  comparatively  slight  difference  between  />,  and  D^  would 
be  sufficient  to  give  rise  to  the  formation  of  a  mixture  of  minimum 
boiling  point.  It  is  probable  that  benzene  and  n-hexane,  for  which 
A  =  11-3°,  and  cnrbon  tetrachloride  and  benxene  (A  -  344**),  form  such 
mixtures,  and  Ryland  {loc.  eit.)  states  that  a  mixture  of  carbon 
disulphide    and    ethyl    bromide    (boiling    pointo     45*5 — 45'7^   and 
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37*5— 38-5" ;  A «  about  7*6°),  containing  32  per  cent,  by  weight  of 
carbon  disulphide,  boilH  0'b°  lower  than  ethyl  bromide.  Again 
Zawidski  (loc.  cit.)  finds  that  methylal  and  carbon  disulphide  (A  =  4°) 
form  a  mixture  of  maximum  vapour  pressure. 

The  occurrence  of  mixtures  of  maximum  boiling  point  or  minimum 
vapour  pressure  is  comparatively  rare  ;  in  most  of  the  known  cases,  one 
of  the  substances  is  an  acid  and  the  other  a  base  or  a  compound  of 
basic  character ;  formic,  acetic,  or  propionic  acid  with  pyridine 
(Zawidski);  hydrochloric  acid  and  methyl  ether  (Friedel,  Bull.  Soo.  chim., 
1875,  [ii],  24,  160,  241)  ;  or  the  liquids  are  water  and  an  acid  :  formic, 
hydrochloric,  hydrobromic,  hydriodic,  hydro6uoric,  nitric,  or  perchloric 
acid  (Roscoe,  this  Journal,  1861,  13,  146;  1862,  15,  270;  Froc.  Roy. 
Soc.f  186ii,  11,  493) ;  but  Ryland  finds  that  such  mixtures  are  also 
formed  by  chloroform  and  acetone  (A  =  4*5°),  and  by  chloroform  and 
methyl  acetate  (A  =  45°),  and  the  first  observation  has  been  confirmed 
by  Zawidski  and  by  Kuenen  (Phil.  Mag.,  1902,  [vi],  4,  116). 

In  previous  papers  (Trans.,  1902,  81,  708),  attention  has  been 
drawn  to  the  fact  that  the  monohydric  aliphatic  alcohols  may  be 
regarded,  on  the  one  hand,  as  alkyl  derivatives  of  water  and,  on 
the  other,  as  hydroxyl  derivatives  of  the  paraffins  and  that,  as  the 
complexity  of  the  alkyl  group  increases,  the  properties  of  the 
alcohols  recede  from  those  of  water  and  approach  those  of  a  paraffin 
such  as  n-hexane  or  of  benzene. 

This  point  is  well  illuRtrated  by  the  values  of  Dg-  D^  (or  D^  -/>, 
where  D^  cannot  be  calculated).  Except  in  the  case  of  mixtures  of 
ethyl  alcohol  with  water  and  with  benzene,  the  experimental  data  are 
not  sufficiently  complete  to  allow  of  accurate  values  of  D^  being 
ascertained,  and  most  of  the  results  given  in  Table  YII  can  only  be 
regarded  as  approximate : 

Table  VII. 


Liquids  in  mixtnro. 

A. 

Dr 

- 10-5' 
-12-26 
-11-4 
-13-6 

-14-0 

-11-2 

-9-5 

%-x 

Water  and     Methyl  alcohol   

-6-67' 
-2-36 
-0  06 

-177 
-018 
-015 

\\\'%   III 

1 

-4-9* 

Ethyl  alcohol 

, ,         n«  Propyl  alcohol 

-9-9 
-11-3 

,,         Isobutyl  alcohol 

-18*3 

Benzene  and  Methyl  alcohol   

-12-2 

„         Ethyl  alcohol 

-iri 

,,         n- Propyl  alcohol 

-9-4 

[For  water  and  benzene  (i«   -16-85°  for  /)»29-6  and  0^-D^  is 
probably  not  far  from  -  30°.] 


of  the  alkjl  group  i  ^'reater ;  or,  in  both  eases,  the  closer  the 

re'  *■  "   '      '   *  nonts  of  the  mixture  the  smaller  is 

tl>.  .    ,      ,. 


VII.  —  A'  ^    '   .    M'.r''r-<    y   Constant  Boih'n/   r>n\.f. 

Uy  Sydney  Vouno,  D.Sc.,  F.R.S. 

l5  the  year  1879,  Thorpe  (Trans.,  35,  544)  made  the  observation  that 
when  a  mixture  of  equal  volumes  of  carbon  tetrachloride  and  methyl 
aloohol  was  distilleil,  46*5  per  cent,  of  the  whole  boiled  constantly 
between  55-6^  and  55*9^,  that  is,  nearly  lO'^  lower  than  the  boiling 
point  of  the  more  volatile  component. 

From  the  vapour  density  of  the  mixture  of  constant  boiling  point, 
4 1  '82,  Thorpe  found  its  percentage  composition  to  be  : 

Carbon  tetrachloride 78*1 

Methyl  alcohol  • 219 

100-0 

As  the  composition  of  such  a  mixture  can,  as  a  rule,  be  ascertained 
by  distilling  one  of  different  but  known  composition  through  an 
eflficient  stUl-head  and  weighing  the  distillate  that  comes  over  below 
the  middle  temperature  (Trans.,  1902,  81,  752),  it  was  suggested  by 
Dr.  Thorpe  that  I  should  determine  the  composition  of  this  mixture 
of  constant  boiling  point  by  the  distillation  method  in  order  to  com- 
pare the  result  with  that  calculated  from  the  vapour  density. 

The  carbon  tetrachloride  and  the  methyl  alcohol  used  for  the  pur- 
nose  were  obtained  from  Kahlbaum,  and  in  both  cases  a  single  dis- 

Uition  through  an  18-calumn  Young  and  Tuomas  dephlegmator  was 
sufficient  to  give  material  of  perfectly  constant  boiling  point. 

The  boiling  points  observed  by  Thorpe  and  myself  are  given  below  : 

Thorpe.  Torng. 

Ckrbon  tetrachloride  76-6''  76  75* 

Methyl  alcohol    652  64*7 

It  has  been  shown  (Trans.,  1902,  81,  718)  that  methyl  aloohol  can 
beet  be  obtained  free  from  water  by  distillation  through  an  efficient 
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Btill-head,  and  the  fact  that  Thorpe's  specimen  boiled  0-5"  higher  than 
mine  may  indicate  that  his  alcohol  was  not  completely  dehydrated. 

Two  mixtures  containing  excess  of  carbon  tetrachloride  and  one 
with  excess  of  methyl  alcohol  were  distilled  through  a  5-column 
"evaporator "still-head  and  an  additional  observation  of  tha  boiling 
point  was  made.     The  results  obtained  are  as  follows : 

Boiling  Paints. 

Pressure,  Temi)eratnre. 

mm.  r • * ^  ^       \ 

observed    corr.  to  760  mm. 

L    CCI,  i"  ovr.r..s 757-5  55-60°  55-70° 

II.      „                    TGO-0  55-70  55-70 

in.  CHg-Ull    „    750-4  55-58  55-72 

IV.     „       „       „    757-9  55-61  55  69 

Mean  55*70 
This  agrees  very  well  with  Thorpe's  value,  55*6 — 55*9°. 


Composition. 

Weights  takeu. 

Middle 
point. 

"Weight  below 
middle  point. 

Composition  of  mixture 

of  constant  boiling 

point 

CCI4. 

CH,-OH. 

Observed. 

Corrected. 

CCI4. 

CHj-OH. 

I. 

11. 
III. 

118-46 

110-60 

81-76 

23-37 
22-11 
41-00 

66 -i** 

•1 
60-2 

112-83 
106-74 
101-86 

113-18 
107-09 
102-20 

79-85 

79-36 
79-99 

20-65 
20-65 
20  01 

In  the  second  distillation,  the  loss  was  estimated  by  weighing  both 
the  distillate  and  the  residue.  The  difference  between  the  sum  of  the.se 
weights  and  that  of  the  mixture  taken  was  0-36  gram,  and,  as  there 
was  not  more  than  a  single  drop  of  liquid  left  in  the  still-head  after 
cooling,  the  loss  by  evaporation  was  taken  to  be  0-35  gram  in  this 
and  also  the  other  two  divstillations.  It  will  be  seen  that  the  two 
results  obtained  by  distilling  mixtures  containing  excess  of  carbon 
tetrachloride  agree  perfectly  together,  but  that  the  percentage  of 
methyl  alcohol  calculated  from  the  weight  of  distillate  from  the 
mixture  containing  excess  of  that  substance  is  0'64  lower.  The  per- 
oentago  of  methyl  alcohol  found  by  Thorpe  is  1*25  higher  than  the 
highest  value  found  by  the  distillation  method. 

In  order  to  find  which  value  is  the  mo^t  correct,  the  distillates  from 
I  and  II  were  mixed  together  and  redistilled|  and  the  specific  gravity 


•  li.i.N«»    POINT        .'» 

"iiip«ratttr«| 

\  miitnrtof 

ight  com |K>.Hi lion  >  and  iU  upecifio  gravitj 


CC\^... 26-6315  79-4(»  I  3523G 

CH,»OH  ...       6-9100  20  60 


33-5416  10000 

If   thero  vicre   no  change  of    Tolume  on  mixing  tho  two  lii|uid« 

together,  the  specific  gravity  would  be  1-34992;    conversely,  if  the 

v4ume  of  the  mixture  obtained  by  distillation  had  been  e^ual  to  the 

6ani  of  the  Tolumes  of  its  constituents,  its  specific  gravity  would  havs 

._     1-36280x1-34992     ,  o^^,-        ,\,  ,  .,.        , 

been r«Ko¥« «■  1*35037,  and  the  percentage  composition  of 

1  *3o33o 

a  mixture  of  this  specific  gravity  would  be : 

Carbon  tetrachloride 7944 

Methyl  alcohol  2056 


100  00 


We  have  thus  the  following  data  for  the  composition  of  the  mixture 
of  constant  boiling  point : 

Dialillaiion  Method, 


From  sp.  gr.  of 
distillate  and 

Thorpe 

From  excras  of 

From  excess  of 

CH,-OH. 

CCJ4. 

maJe  mixture. 

CCI,  78  1 

79-99 

79-35 

79-44 

Hj-OH       21-9 

20-01 

20-65 

20-56 

100-0  10000  10000  10000 

The  last  result,  which  agrees  very  well  with  that  obtained  by  the 
distillation  method  when  carbon  tetrachloride  was  in  excess  in  the 
original  mixture,  may  probably  be  taken  as  the  most  correct. 

The  rather  high  percentage  of  methyl  alcohol  found  by  Thorpe 
may  perhaps  be  partly  accounted  for  by  the  presence  of  a  tnu» 
of  water,  which  would  lower  the  vapour  density  of  the  mixture,  but 
the  chief  cause  of  the  error  is,  I  believe,  the  difficulty  of  the  separation 
of  the  mixture  of  constant  boiling  point  from  methyl  alcohol,  taken 
in  conjunction  with  the  fast  that  an  ordinary  diftillation  bulb  was 
(presumably)  used. 

The  following  observations  seem  to  confirm  this  view :  When  a 
pure  liquid  is  distilled  through  a  five  column  ••evaporator"  still-head, 
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the  drops  which  fall  from  the  little  funnels  on  the  inverted  tubes  wet 
the  glass  at  once  and  the  liquid  spreids  itself  iu  an  even  layer  over 
the  surface,  unless  the  quantity  of  liquid  in  the  flask  is  very  small, 
when  the  vapour  becomes  considerably  superheated  and  spheroidal 
drops  may  generally  be  seen  in  the  lowest  section,  but  not  in  the  others. 
If,  however,  separation  of  the  components  of  a  mixture  is  taking  place 
in  the  still-head,  this  is  indicated  by  the  formation  of  spheroidal 
drops. 

In  the  distillation  of  mixtures  of  carbon  tetrachloride  and  methyl 
alcohol,  with  the  latter  in  excess,  although  the  temperature  of  the 
vapour  at  the  top  of  the  still-head  showed  no  rise  until  rather  more 
than  half  the  total  quantity  of  liquid  had  come  over,  yet  spheroidal  drops 
were  visible  in  the  lowest  section  even  at  the  beginning  of  the 
distillation,  and  they  appeared  in  the  second  and  third  sections  before 
the  temperature  showed  any  alteration.  From  this  it  appears  that 
the  vapour  in  the  lowest  section  must  have  contained  some  excess  of 
methyl  alcohol  during  even  the  earliest  stages  of  the  distillation, 
and  with  an  ordinary  still-head  this  would  be  carried  over  and  the 
percentage  of  methyl  alcohol  in  the  distillate  would  consequently  be 
too  high.  It  might,  perhaps,  be  supposed  that  the  temperature  of  the 
vapour  would  be  appreciably  raised  by  the  presence  of  a  small  excess 
of  methyl  alcohol,  but  that  this  is  not  the  case  is  proved  by  the  fact 
that  stria,  due  to  the  great  difference  between  the  densities  of 
methyl  alcohol  and  of  the  mixtures  of  minimum  boiling  point,  were 
clearly  visiible  in  the  distillate  as  each  drop  fell,  before  the  boiling 
point  showed  any  sensible  rise,  and  that  they  were  very  marked 
indeed  when  the  temperature  had  risen  0-2°. 

Thorpe  states  that  the  distillate,  the  vapour  density  of  which  was 
determined,  boiled  constantly  between  55*6°  and  559°,  and  I  think 
that  this  small  rise  of  0*3^  would  bo  quite  sufficient  to  account  for  the 
presence  of  a  very  appreciable  excess  of  methyl  alcohol,  and  if,  as  is 
almost  certain,  the  separation  was  not  quite  perfect  even  at  first,  the 
1*34  per  cent,  excess  of  alcohol  is  completely  accounted  for. 

When  mixtures  containing  excess  of  carbon  tetrachloride  were  dis- 
tilled through  the  5-column  *'  evaporator "  still-head,  no  spheroidal 
drops  were  seen,  even  iu  the  lowest  section,  until  more  than  two-thirds 
of  the  total  quantity  had  come  over.  It  may  therefore  be  concluded 
that  the  separation  of  the  mixture  of  minimum  boiling  point  from 
carbon  tetrachloride  is  much  easier  than  from  methyl  alcohol,  and  the 
following  observations  bear  out  this  conclusion.  (1)  The  spheroidal 
drops  became  very  marked  in  the  bottom  section  before  they  appeared 
at  all  in  the  second  ;  (2)  at  a  later  stage,  when  the  spheroidal  drops 
had  become  very  distinct  in  the  third  section,  they  had  almost  disap- 
paartd  again  in  the  lowest ;  (3)  they  had  ceased  to  be  visible  in  the 


roving 
I        -  ..^n  con- 
\ture  of  coDtUnt  boiling  point,  while  that 
?y  pur«  carbon  tetrachloride ;  (4)  tb« 
:  uit  took  place,  was  ezoeedioglj  rapid, 
point,  to  about  two  degrees  between  two 
.....    ,..v.^.,  „;  u.^v.Uate.     It  may  be  mentioned  that  in  the 
itions  with  carbon  tetrachloride  in  excess,  stris  were  visible  in 
the  distillate  before  the  thermometer  indicated  anj  perceptible  rise  of 
temperature.     Of  course  the  great  difference  between  the  density  of 
the   mixture  of  constant  boiling  p3int  and  that  of  either   methyl 
alcohol  or  carbon  tetrachloride  makes  the  strin  in  the  distillate  more 
c^ly  visible  than  in  the  majority  of  cases,  but  the  formation  of  these 
'  He  in  ttie  distillate  and,  to  an  even  greater  extent,  of  the  spheroidal 
drops  in  the  still  head,  generally  affords  useful  indications  of  the  pro- 
gress of  a  distillation. 

It  is  certain  that  if  Thorpe's  first  distillate,  coming  over  between 
.i.l'S  and  55*9^,  had  been  redistilled,  or  if  the  original  mixture  had  con- 
tained excess  of  carbon  tetrachloride,  the  boiling  point  would  have 
been  almost  perfectly  constant  for  a  considerable  time,  nnd  the  per- 
centage of  methyl  alcohol  in  the  distillate  would  have  been  lower. 

It  has  been  stated  that  a  mixture  containing  20*60  per  cent,  of 
methyl  alcohol  has  the  specific  gravity   1*35236  at  0^4°,  whereas  if 
there  were  no  change  of  volume  on   mixing   the   constituents,   the 
:>ecific   gravity  would  be  1*34992.     The   corresponding  volumes  of 
gram  are  073945  and  0*74078,  and  there  is  therefore  a  contraction 
f  0-00133  c.c  or  0*18  per  cent.     On   the   other    hand,  on  mixing 
together  27*5  grams  of  carbon  tetrachloride  and  7*15  grams  of  methyl 
alcohol,  there  was  a  fall  in  temperature  of  0*95°,  so  that  when  the  two 
liquids  are  mixed  together  in   the  proportion  required   to  form  the 
mixture  of  constant  boiling  point,  there  is  slight  contraction  accom- 
panied by  a  distinct  fall  of  temperature.     This  mixture,   in  fact,  re- 
sembles that  of  n-propyl  alcohol  and  water  in  many  respectP,  at  will 
be  seen  from  the  table  below  : 

CCI4  aod  CH,-OH.  C,H,-OH  and  If/), 

lolecular  composition  of       )      CCl^  44  59       CjH^'OH       43*17 

mixture  f  CH,-OH       55*41  H,0      56*83 

100*00  lOOHK) 

inee     of       boiling     point     from 

of  more  volatile  component -  9*00**  -  9*47** 

itage      contraction      on      mixing 

the  right  proportion    0*18  1  "9 

11  of  temperature  0*95       about  1*2 

[you  LXXXIII.  O 
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Appendix, 

In  the  papers  by  Miss  Fortey  and  myself  on  the  properties  of 
mixtures  of  the  lower  alcohols  with  water,  with  benzene,  and  with 
benzene  and  water  (Trans.,  1902,  81,  717),  reference  should  have  been 
made  to  papers  by  E.  F.  Thayer  (J.  Physical  Chem.,  1898,  2,  382)  and 
G.  Ryland  {Amer.  C/iem.  J.,  1899,  22,  384).  Thayer  determined  the 
boiling  point,  and,  by  means  of  Pulfrich's  refractometer,  the  composi- 
tion of  the  mixture  of  minimum  boiling  point  which  ethyl  alcohol 
forms  with  benzene.  The  materials  employed  were  not  quite  pure  ; 
the  benzene,  after  agitation  with  sulphuric  acid,  was  distilled  through 
a  Hempel's  still-head,  and  showed  a  rise  of  0*5*^  during  the  complete 
distillation,  but  the  first  and  last  25  per  cent,  were  rejected.  The 
alcohol  (95  per  cent.)  was  dried  with  lime  and  copper  sulphate  and 
showed  a  rise  of  0*3°  during  distillation  through  the  same  still-head, 
the  first  and  last  portions  being  again  rejected. 

Ryland  gives  a  list  of  mixtures  of  constant  boiling  point  which  had 
previously  been  observed,  and  records  the  formation  of  more  than 
40  additional  ones.  In  the  case  of  methyl  alcohol  and  benzene,  and  of 
ethyl  alcohol  and  benzene,  he  shows  that  the  percentage  of  alcohol  in  the 
mixture  of  minimum  boiling  point  diminishes  considerably  as  the 
pressure  is  reduced.  The  composition  of  the  mixtures  of  benzene  with 
these  alcohols  was  determined  by  adding  water  and  measuring  the 
volume  of  benzene  set  free.  The  materials  employed  by  Ryland  do 
not  appear  to  have  been  quite  pure,  for  he  gives  a  range  of  0*5°  for 
the  boiling  points  of  each  of  the  three  liquids. 

Carveth  {J.  Physical  Chem.y  1902,  6,  248)  has  also  determined  the 
boiling  point  of  the  mixture  of  ethyl  alcohol  and  benzene  by  passing  the 
vapour  of  alcohol  into  benzene,  and  of  benzene  into  alcohol,  and  observ- 
ing in  each  case  the  lowest  temperature  reached.  He  made  experi- 
ments with  absolute  alcohol  and  commercial  benzene,  and  also  with 
the  purest  materials  available. 

The  results  obtained  by  Thayer,  Ryland,  Carveth,  and  by  Young 
and  Fortey  are  given  below  : 

Boiling  PomU  i  educed  to  760  mm. 

Young 
and 
Thayer.  Rylaml.  Carveth.       Fortey. 

Ethyl  alcohol    —  77-5—78  0°         —  7830^ 

Benzene 795°        79*0— 79*6  —  8020 

Ethyl  alcohol  and  benzene     67*6  67—68  67*6°*       6824 

Methyl  alcohol —  64-5— 65  —  64*70 

Methyl  alcohol  and  benzene      —  67*5 — 68  —  68'34 

*  With  absolute  alcohol  and  commercial  bensene,  68*15°  and  68*3^ 
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hyl  Alcohol  and  benieno     335  31-4— 32*3  —  3175 

I  ethjrl  alcohol  and  boDiene      —  38*4— 390  —  3955 

The  boning  poinU  olMenred  by  Thayer,  RyUnd,  and  Carveth  are. 

.  nearly  evwy  mm,  lower  than  those  found  by  Miss  Fortey  and 

myself.     We  found  that  the  boiling  point  of  the  mixture  of  ethyl 

^loohol  and  benxene  was  noticeably  depressed  by  even  traces  of  water, 

id  it  was  only  when  the  alcohol  was  completely  dehydrated  that  the 

i*atur«  68*34^  was  observed. 

.   iod  states  that  methyl,  ethyl,  wopropyl,  and  amyl  alcohols  can 

•  separated  from  toluene  by  distillation,   but  that  n-propyl  alcohol 

.1  iwbutyl  alcohol  form  with  it  mixtures  of  minimum  boiling  point. 

ha^  however,  been  found  by  Miss   Fortey  and  myself  that  ethyl 

Vohol  and  toluene  do  form  such  a  mixture  boiling  at  76*7*',  and  that 

ternary  mixture  of  ethyl  alcohol,  toluene,  and  water  is  formed,  with 

e  boiling  point  7455^    As  itopropyl  alcohol  resembles  ethyl  alcohol 

closely  in  its  properties,  it  seems  almost  certain  that  this  alcohol 

iuld  also  form   binary  and  ternary  mixtures  of  constant    boiling 

|-»int  with  toluene  and  with  toluene  and  water  respectively. 

'so  states  that  wobutyl  alcohol  and  benzene  can  be  separated 

ion,  but  this  statement  does  not  agree  with  our  observation 

t-ans.,  1902,  81,  748)  that  a  mixture  of  minimum  boiling  point  is 

formed.     In  this  case,  however,  (ho  bailing  point,  79  93°,  is  very  close 

to  that  of  benzene,  802°,  and  the  mixture  contains  only  93  per  cent. 

I  he  alcohol.     It  is  obviously  impossible  that  very  much  time  could 

.*»ve  been  devoted  by  Ryland  to  the  purification  of  the  large  number 

of  liquids  he  investigated,  and  as  the  mixtures  were  distilled  only 

once  with  a  plain  still-head,  it  is  not  to  be  wondered  at  that  the 

existence  of  the  twbutyl  alcohol-benzene  mixture  of  constant   boiling 

point  should  have  escaped  his  notice. 

To  obtain  trustworthy  results,  especially  in  the  more  difficult  casen, 
IS  necessary  that  the  materials  employed  fehould  be  very  carefully 
purified,  and  that  an  efficient  btill-head  should  be  used. 

ItJaiVBBsrnr  Collbok, 
Bristol. 
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VIII. — The    Action     of    Metallic     Thiocyanates     on 

Carhonyl  Chloride. 

By  Augustus  Edward  Dixon,  M.D. 

During  the  coiirso  of  a  series  of  experiments  on  the  interaction  be 
tween  acid  chlorides  and  metallic  thiocyanates,  it  was  observed  that  if 
carbonyl  chloride  dissolved  in  toluene  be  allowed  to  stand  in  contact 
with  lead  thiocyanate,  a  solution  is  presently  obtained,  which  gives 
with  alkaline  lead  and  silver  salts  the  desulphurisation  reactions 
characteristic  of  a  thiocarbimide  or  one  of  its  immediate  derivatives 
(Trans.,  1899,  76,  389). 

The  object  in  view  was  to  effect,  if  possible,  the  synthesis  of  the 
hitherto  unknown  cirbonyldithiocarbimide,  C0(NCS)2,  thus: 

COClj  +   Pb(SCN)2   -   PbClg   +   C0(NCS)2; 

and  in  the  hope  of  attaining  this  end,  an  investigation  was  commenced, 
of  which  a  short  account  is  now  offered  to  the  Society. 

Summarising  the  experimental  outcome  of  this  study,  it  may  be 
stated  that  carbonyldithiocarbimide  has  been  obtained  in  solution, 
but  hitherto  the  writer  has  not  succeeded  in  isolating  it ;  the  com- 
pound, like  most  of  its  congeners  of  the  acidic  class,  exhibits  some  of 
the  characters  pf  a  thiocyanate,  but,  under  certain  conditions,  behaves 
exclusively  as  a  thiocarbimide.*  Thus,  for  instance,  it  unites  f-pon- 
taneously  with  1  mol.  of  alcohol,  yielding  a  hemithiourethaie, 
NCS-CO-NH-CS-OEt  or  SCN-CO-NH-CS-OEt,  which  is  hydrolysed 
by  boiling  water  with  formation  of  thiocyanic  acid ;  in  like  manner, 
if  treated  with  a  limited  quantity  of  an  aromatic  base,  such  &s  aniline, 
it  yields  an  additive  compound,  SCN*CO*NH*CS*NHPh,  decomposable 
by  hot  water  into  thiocyanic  acid,  carbon  dioxide,  and  phenylthiourea. 
On  the  other  hand,  if  allowed  to  stand  in  contact  with  excess  of 
aniline,  it  combines  with  2  mols.  of  the  latter,  thereby  producing  the 
dithiocarbamide,  CO(NH-CS-NHPh)j. 

From  the  result  with  alcohol  just  mentioned,  it  was  anticipated  that 
carbonyl  chloride  would  interact  with  alcoholic  solution  of  potassium 
or  barium  thiocyanate,  so  as  to  yield  the  above  hemitbiourethane ; 
but  it  was  found  that  the  chloride  first  attacks  the  alcohol,  producing 
ethyl  chlorocarbonate ;  this,  in  turn,  forms  carboxyethylthiocarb- 
imide,  CO^Et'NCS,  which,  uniting  with  more  alcohol,  is  converted  into 
diethylimidodithiocarbon  te,  COjEt'NH'CS'OEt. 

*  Describing  it  as  *<a  form  of  Uotomerimi,*'  the  author  has  lately  called  attention 
to  the  occurrence  of  this  phenomenon  amongst  the  "  thiocyanates "  of  eltotro- 
negative  radicles  (Trans.,  1  Ml,  79,  541). 
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NotwithsUDding  ibat  many  exparimenU  have  been  oarriad  ottt»  iba 
Nvork  now  aztandiog  ovar  tonia  jaan,  it  has  not  even  yet  been  found 
raeticabia  to  doTtae  really  eatiefaotory  conditions  for  the  primary 
nteraeiion»  but  as  it  could  serve  no  useful  purpose  to  submit  a  detailed 
aoeoant  of  all  iba  vartoiif  methods  tried  and  their  results,  a  mere  out- 
line is  here  givao*  toAciaQt  to  indicate  the  main  linea  on  which  the 
problem  baa  been  attacked. 


EXPBRIMKNTAL. 

Preliminary  qualitative  experiments  were  very  encouraging ;  the 
old  solution  of  oarbonyl  chloride  in  toluene,  when  mixed  with  exoees 
of  lead  thiocyanate,  gave  a  marked  reaction  for  thiocarbimide  within 
even  a  few  hours  if  boiled  with  alkaline  lead  tartrate ;  whilst  after 
some  days  a  very  copious  desulphurisation  was  noticeable.  If  brought 
into  contact  with  carefully  dried  potassium  thiocyanate,  a  well-marked 
blackening  could  thus  be  got  within  10  minutes,  the  amount  of  de- 
ilphurising  product  increasing  quickly  on  standing.  But  although 
the  interaction  commences  readily  enough,  it  soon  appeared,  from 
larger  quantitative  experiments,  that  it  is  incomplete:  even  when 
'iree  or  four  times  the  theoretical  amount  of  metallic  thiocyanate  was 
aj>ed  and  the  time  of  keeping  extended  to  as  much  as  4  months, 
shaking  at  frequent  intervals,  the  greater  part  of  the  phosgene  still 
remained  undecomposed.  Minute  subdivision  of  the  salt,  or  the 
addition  of  it  in  repeated  fresh  charges,  appeared  to  have  no  consider- 
able influence  on  the  result ;  in  one  case,  the  mixture,  plsced  in  a 
globular  flask  containing  rounded  garnets  and  lying  nearly  horizontal, 
was  rotated  by  means  of  a  turbine  for  a  week,  the  idea  being  to  re- 
move mechanically  the  metallic  chloride  from  the  surface  of  the  solid 
*  hiocyanate ;  but  this  also  failed  to  bring  about  anything  like  com- 
:  lete  interaction. 

Heating  under  pressure  in  a  sealed  vessel  was  tried  at  temperatures 
varying  from  60°  to  150°;  this  was  found  to  accelerate  the  proceis, 
although  at  high  temperatures  a  good  deal  of  collateral  decomposition 
ikes  place,  but,  so  far,  every  attempt  to  complete  it  has  failed. 
>aturally,  the  thiocyanates  were  varied  also,  those  of  mercury,  lead, 
barium,  sodium,  and  potassium  being  tried ;  all  interacted  more  or 
less  readily,  but  the  first-named  was  found  to  produce  troublesome 
^auantities  of  an  amorphous,  metallic  derivative,  somewhat  soluble  in 
^ftluene  and  other  solvents,  and  consequently  its  use  was  discontinued. 
^KNo  attempts  were  made  in  these  earlier  experiments  to  analyse 
|puntitatively  the  products;  in  all  cases,  the  toluene  solution  was 
^filtered  off  by  means  of  the  pump  from  the  maUllio  residue ;  usually, 
■||was  heated  for  some  hours  in  an  open  vassal  on  the  water-bath  in 
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order  to  expel  unchanged  carbonyl  chloride ;  sometimes  the  greater 
part  of  the  solvents  (toluene  and  the  benzene  used  in  washing)  was 
distilled  off  under  diminished  pressure ;  the  solution  or  residue  of  dis- 
tillation was  then  mixed  with  a  base  or  an  alcohol  in  order  to  obtain  the 
corresponding  additive  compound  if  a  tbiocarbimide  should  be  present. 
By  distilling  under  diminished  pressure,  it  was  hoped  that  the  phos- 
gene would  first  come  off,  and  next  the  tbiocarbimide,  should  the  latter 
volatilise  without  decomposition  ;  otherwise  that  the  solvents  might  be 
removed,  leaving  a  residue  consisting  entirely  or  in  part  of  tbiocarb- 
imide. In  practice,  however,  it  appeared,  first,  that  the  whole  of  the 
carbonyl  chloride  is  by  no  means  easily  withdrawn  from  its  solution  in 
toluene,  and  secondly,  that  a  large  proportion  of  the  tbiocarbimide  is 
carried  over  along  with  the  solvents ;  so  that,  in  the  end,  little  thio- 
carbimidic  product  is  left,  whilst  the  distillates  consist  in  great  part 
of  the  latter,  together  with  the  solvents  and  unchanged  phosgene. 
But  although  it  was  not  found  practicable  to  isolate  the  tbiocarbimide 
in  this  way,  some  indication  of  its  presence  was  obtained,  for  it 
was  noticed  that  if  the  distillation  be  continued  until  the  phosgene  is 
almost  completely  eliminated,  the  residue  has  now  a  sharp,  tear- 
exciting  odour,  closely  resembling,  but  fainter  than,  that  of  acetyl- 
thiocarbimide ;  this  odour  cannot  be  perceived,  or  at  all  events  dis- 
tinguished, in  presence  of  any  considerable  quantity  of  the  strongly 
smelling  organic  chloride. 

After  numerous  experiments,  the  method  of  operating  eventuilly 
adopted  was  to  heat  about  100  c.c.  of  phosgene  in  toluene  (20  per 
cent,  of  COClg),  with  at  least  double  the  calculated  amount  of  dried 
and  sifted  potassium,  or  better  sodium,  thiocyanate,  in  an  autoclave 
at  100°  for  six  hours  at  a  time.  After  cooling,  the  autoclave  was 
opened,  the  mixture  well  ground  up  by  means  of  a  strong  glass  rod, 
and  the  process  repeated  (occasionally  adding  sm^ill  fresh  charges  of 
thiocyanate),  until  the  total  duration  of  heating  amounted  to  30  hours. 
At  each  time  of  opening,  some  acid  gas  escaped  (50  to  100  c.c), 
smelling  of  carbonyl  chloride,  and  causing  a  turbidity  with  lime- 
water.  If  led  into  silver  nitrate  solution,  it  gave  a  white  precipitate 
of  silver  chloride  :  when  passed  through  faintly  acid  solutions  of  lead, 
copper,  or  cadmium  salts,  they  remained  clear,  but  with  alkiline 
solotions,  piecipitates  of  the  corresponding  sulphides  were  obtaineii. 
Presumably,  therefore,  the  gas  contained  carbonyl  sulphide,  and 
traces  of  carbonyl  chloride,  together  with  some  hydrogen  chloride,  the 
last  being  proiluced  by  interaction  of  the  carbonyl  chloride  with  the 
traces  of  moisture  absorbed  by  the  alkali  thiocyanate,  and  the  sulphide 
through  the  decomposition  of  this  salt  by  the  mineral  acid  : 

COCIj  +   2H^0   +   KSCN  -   CO,  -f  KCl  +   NH^Ci   -h   COS. 
If  dry  lead  thiocyanate  be  used,  little  or  no  gas  is  produced. 
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By  mcuQH  of  Um  filler  pump,  the  ruction  proJuot  wat  MpatmUd 
into  (1)  »  brownUh  aolid  residue,  and  (2)  a  dear,  reddigh-yellow 
dluate:  from  the  residue  cold  water  extracted  chloride  and  thio- 
cjanala,  leariug  an  amorphous  brown  powder,  which  gave  the  reactions 
for  ^ulphooyanogen,  and  contained  a  little  iso-persulphocjanic  acid  : 
the  filtrate  was  abundantlj  desulphurised  by  heating  with  alkaline 
ffalt«  of  mercury,  lead,  and  silver,  and  when  shaken  up  with  cold 
wat«r,  ^ve  a  distinct,  but  not  intense,  red  coloration  on  the  addition 
of  ferric  chloride.  This  solution  still  contained  much  unaltered 
oarbooyl  chloride,  most  of  which  was  removed  by  first  exhausting, 
and  then  heating  for  some  hours  in  an  open  flask  on  the  water-bath. 

A  determination  of  the  amount  of  thiocarbimidic  product  in  one  of 
these  preparations  was  made,  by  boiling  a  fraction  of  the  solution 
with  alooholic  silver  nitrate,  filtering  off  the  resultant  precipitate, 
digesting  it  with  strong  ammonia,  and  weighing  the  residual  metallic 
sulphide ;  in  this  manner  it  was  ascertained  that  only  about  one-fifth 
of  the  earbonyl  chloride  employed  had  undergone  conversion  into 
thiocarbimide. 

Aaiom  of  AleokoL — ^To  the  clear  solution,  obtained  as  described 
above,  was  added  a  considerable  excess  of  nearly  anhydrous  alcohol ; 
the  mixture  at  once  became  warm,  and  on  evaporation  of  the  solvents, 
a  yellow  solid  was  left,  together  with  a  sticky  reddish  oil,  most  of 
which  could  be  got  rid  of  by  washing  with  ethyl  acetate.  When 
i-ecrystallised  twice  from  dry  benzene,  the  solid  product  was  obtained 
in  pale  yellow  prisms  moistening  slightly  at  133^,  and  melting,  with 
effervescence,  at  141 — 142°  (corr.).  It  was  easily  soluble  in  alcohol 
or  acetone  and  moderately  so  in  ether  or  hot  benzene,  but  insoluble  in 
light  petroleum.  Cold  water  had  no  action  on  the  finely-powdered 
sabstanoe,  but  if  heated  with  water  to  near  the  boiling  point,  it 
fdowly  dissolved  with  effervescence,  due  to  the  escape  of  carbon 
dioxide;  the  solution  was  strongly  acid  to  litmus,  gave  an  intense 
reaction  for  thiocyanic  acid  on  treatment  with  ferric  chloride,  and  on 
cooling  deposited  a  small  quantity  of  white  prisms  melting  at 
180—181°  (uncorr.),  which  have  not  yet  been  identified.  Warm 
caustic  alkali  readily  dissolved  the  original  substance,  and  the  solution, 
when  mixed  with  a  lead  salt,  was  strongly  desulphurised  on  heating  ; 
silver  nitrate  gave  with  the  alcoholic  solution  a  yellowish  precipitate, 
soluble  in  hot  ammonia  with  gradual  formation  of  silver  sulphide. 
A  complete  analysis  afforded  the  following  results  : 

C«31-4;  H-3  7;  N-160;  S- 338  and  342. 
CjHjO^A    requires    C*31-54;    H-316;    N-14  77;   S-33  71; 
0=16-82  percent. 

Hence,   the  sabetance   is   not   the  expected   Oa(NH-CS*OC,HJ^ 
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which  would  require  C- 35-6;  H  =  51;  N-11-9;  8  =  272  ;  0  =  204 
per  cent.  CompariDg  the  empirical  formula  of  the  latter,  C^HjgOgN.^S^, 
with  that  found,  namely,  CjHgOgNgSj,  the  difference  is  CgHgO  ;  that 
is,  only  one  mol.  of  alcohol  unites  with  each  mol.  of  carbonyldithio- 
carbimide : 

CO(NCS),  +   C,H,-OH   =   CO<^^^cS-OC,H,- 

In  connection  with  this  unexpected  result,  it  may  be  noted  that 
carbonyl  chloride  itself  does  not  very  readily  unite  with  more  than 
one  mol.  of  alcohol,  but  yields  first  ethyl  chlorocarbonate,  CgH^O'CO'Cl. 
It  is  probably  by  reason  of  the  non-saturation  of  the  second  'NCS  (or 
•SON)  grouj),  tliat  the  hemithiourethane  is  able  to  afford  thiocyanic 
acid  on  hydrolysis : 

^^"^NH^S-OC  H,    +   ^^^   =   ^^2   +   HSCN   +   C3H7ON3; 

but  this  explanation  is  only  suggested  provisionally,  until  larger 
quantities  of  material  shall  be  forthcoming,  so  as  to  permit  of  the 
identification  of  the  substance  melting  at  180^  alluded  to  above. 

With  a  view  to  the  end  mentioned,  and  especially  in  order  to  avoid, 
if  possible,  the  tedious  and  rather  infertile  preparation  oF  thecarbonyl- 
dithiocarbimide,  an  attempt  was  made  to  obtain  its  additive  compound 
by  treating  an  alcoholic  solution  of  potassium  thiocyanate  with 
carbonyl  chloride.  This  method,  however,  is  always  an  unsatisfactory 
one  in  cases  where  the  acid  chloride  is  readily  decomposed  by  the 
alcohol  (because,  if  the  solution  be  used  hot,  the  alcohol  rapidly 
destroys  the  chloride,  and  if  it  be  used  cold,  the  metallic  salt  is  only 
sparingly  soluble,  and  consequently  the  alcohol  is  present  in  relatively 
very  great  excess) ;  and  although  the  constituents  interacted  readily 
with  formation  of  potassium  chloride,  not  a  trace  of  the  desired  com- 
pound could  be  obtained.*  The  nature  of  this  interaction  will  be 
explained  later  on. 

•  Crocker  has  recently  shown  (Trans.,  1902,  81,  436),  that  from  picryl  chloride 
(which  is  not  attacked  by  alcohol)  and  alcoholic  ammonium  thiocyanate,  a  very 
satisfactory  yield  can  be  obtained  of  an  ethyl  picryl  picriminothiocarbonaO,  which 
appears  to  originate  from  a  picrylthiucarbimide  initially  formed.  The  mechanism  of 
this  process  Is  explained  by  him  as  follows:  (1)  PiCl  +  NH^SCNsPiNCS  +  NH^Cl. 
(2)  PiNCS  +  PiCl  =  PiN:CCl'SPi.  (3)  PiN:CClSPi  +  EtOH  =  PiN:C(OKtrSPi*(Pi  = 
picryl). 

This  series  of  changes  is  remarkable  and  interesting.  For,  in  the  first  place,  the 
present  writer  has  repeatedly  attempted  to  obtain  picrylthiocarbimide  from  picryl 
ohloriile,  in  liydrocarbon  solvents,  and  metallic  thiocyanates,  but  always  without 
success  (see,  for  instance,  Trans.,  1899,  76,  890) :  in  one  experiment,  the  chloridf, 
in  bensene,  was  boiled  for  three  days  with  lead  thiocyanate,  but  no  thiocarbimidic 
product  could  be  detected,  nor  did  the  addition  of  alcohol  yield  a  trace  of  Crocker's 
compound  ;  it  is  curious  that  the  initial  decomposition  should  occur  so  readily  in 
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.IrlioM  ^  At^iUnt. — ^The  retulU  which  occur  with  bMW  of  ihU 
cUu  vary  aooording  to  the  conditions  under  which  the/  are  oaed. 

Id  one  eeriee  of  experimonts  the  aniline,  diluted  with  beniene,  was 
dropped  tlowlj,  and  with  constant  stirring,  into  solution  of  carbonjl- 
«iithi(VirMiuide,  until  the  precipitation  of  a  yellow  solid  juet  ceased; 
the  iiiothor-liquor  WAS  then  at  once  poured  off  from  the  latter  and  aet 
aside ;  in  a  short  time  further  deposition  of  solid  matter  occurred, 
which  generally  contained  some  carbanilide ;  on  evaporating  the  liquor 
from  this  to  dryness,  it  proved  to  consist  mainly  of  aniline  hydro- 
chloride. By  recrystallisiog  the  yellow  solid  from  absolute  alcohol, 
very  brilliant  thin  plates  were  obtained,  having  a  beautiful  pearly 
lustre ;  when  powdered  and  slowly  heated  in  a  narrow  tube,  they 
softened  at  172^,  but  quickly  hardened  again,  and  now  melted,  with 
efferveecence,  at  222—223"^  (corr.).  If  put  into  the  apparatus  at  a  few 
degrees  above  172^,  the  substance  ran  to  a  clear  liquid,  which,  almost 
in  the  act  of  liquefaction,  resolidiBed,  the  solid  melting  as  before  at 
222 — 223° ;  this  behaviour  was  unchanged  by  again  recrystallising 
from  methyl  alcohol.  Another  portion,  previously  heated  to  the 
softening  temperature,  was  recrystallised  from  alcohol ;  it  now  no 
longer  softened  at  172°,  but  melted  at  the  higher  temperature  :  prob- 
ably these  are  isomeric  forms  of  the  same  compound. 

When  dried  by  standing  for  a  day  or  two  over  sulphuric  acid,  a 
partial  analysis  was  made,  the  lesults  being,  N  =  15-5;  S  =  23'6  per 
cent.,  or  a  ratio  of  nitrogen  to  sulphur  of  3  to  2.  It  would  seem,  how- 
ever, that  the  substance  must,  under  these  cir<>umstances,  retain  some 
alcohol,  for  on  further  drying  for  several  houi&  .o  the  steam  oven,  the 
crystals  lost  much  of  their  pearMike  brilliancy,  and  when  now  sub- 
mitted to  analysis  yielded  the  following  reiults,  the  N^IS,  ratio 
i-emaining  unchanged  : 

Found  C-45-3.    H-3-4;  N  =  180;  8  =  273  per  cent. 
CjU^ONA    requires    C - 45-51  ;    H-=2-96j     N-17  76;    8-2702; 

0  —  6-75  per  cent. 


of  alcohol     And  secondly,  the  combination  of  the  thiocarbimidf,  as  fast  aa 

is  prodaced,  with  more  picryl  chloride,  is  a  rery  unusual  kind  of  change :  it  does 

t  occur,  for  instance,  when  benzoyl  chloride  or  ethyl  chlorocarbonate  is  mixed 

th  the  alcoholic  solution  of  a  thiocyanate  ;  moreover,  the  writer  baa  occasionally 

to  eflect  the  direct  combination  of  thiocarbimtdes  with  acid  chlorides,  and  with 

alkylogens— for  example,  phenyl thiocarbimide  and  benzoyl  chloride,  with  the  riaw 

of  obtaining  the  compound  PhCX)*Nrh-CS-CI,  or  possibly  PhN:CCl*3-C0Ph— bet 

unsuccessfully.  ^ 

To  Crocker's  description  it  may  here  be  added   that  the  compound  explodes 

anfficiently  heated  ;  and  that  the  contained  sulphur  is  not  withdrawn,  either 

amoioniacal  silrer  nitrate,  or  by  boiling  with  alkaline  kolntion  of  lead.     If,  how- 

,  caustic  alkali  be  added  to  a  boiling  alcoholic  solution  of  the  substance,  mixed 

th  silver  nitrate  and  excess  of  ammonia,  desolphoriaation  occurs  very  aoon.     As 

rule,  thiocarbonatea  are  very  easily  dasnlphiiriaed. 
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Only  one  mol.  of  aniline,  therefore,  unites  with  each  mol.  of  carbonyl- 
dithiocarbimide,  when  added  under  the  conditions  just  described  ;  the 
action  in  this  respect  being  analogous  to  that  l)etween  the  thiocarbimide 
and  alcohol  (p.  87). 

Tiie  dry  substance  becomes  highly  electrical  on  friction  with  a 
spatula;  it  is  insoluble  in  light  petroleum,  and  sparingly  soluble  in 
benzene  or  chloroform,  but  moderately  easily  so  in  hot  alcohol,  acetone, 
nitrobenzene,  glacial  acetic  acid,  or  caustic  potash.  Its  alcoholic 
solution  yields  with  alcoholic  silver  nitrate  a  yellowish  precipitate, 
sc'ircely  soluble  in  ammonia,  but  copiously  blackened  on  boiling  with 
it ;  the  potash  solution,  when  boiled,  smells  distinctly  of  phenyl- 
thiocarbimide,  and  when  mixed  with  a  lead  salt  and  warmed,  is  readily 
desulphurised. 

Cold  water  had  no  action  on  the  finely-powdered  solid ;  the  mixture 
was  neutral  to  litmus,  and  gave  not  a  trace  of  red  coloration  with 
ferric  chloride.  But  on  continued  heating  with  water  to  near  the 
boiling  point,  the  substance  gradually  dissolved,  with  effervescence : 
the  gas,  when  passed  into  lime-water,  yielded  an  abundant  precipitate 
of  calcium  carbonate  ;  the  lime-water  smelt  faintly  of  phenylthio- 
carbimide,  and  was  somewhat  desulphurised  by  heating  with  alkaline 
lead  tartrate.  The  residual  liquid  had  become  strongly  acid,  and  now 
gave  with  ferric  chloride  the  intense,  blood-red  thiocyanic  reaction ; 
CD  cooling,  it  deposited  a  yellowish  crystalline  solid,  easily  soluble  in 
hot,  but  sparingly  so  in  cold  water.  The  latter  substance,  when  re- 
cry&tallised  a  couple  of  times  from  water,  using  animal  charcoal  to 
d*»colorise  it,  was  obtained  in  well-formed,  pure  white  prisms,  melting 
at  150 — 151°,  having  a  persistent  bitter  taste,  and  giving  the  re- 
actions of  phenylthiourea.  In  the  main,  these  phenomena  are  summed 
up  by  the  equation  : 

^^NH%S-NH-C  H  +H20  =  C02  +  HSCN  +  HS-C(NH)-NH-C,H„ 

the  trace  of  pbenylthiocarbimide  being  due,  no  doubt,  to  a  trifling 
hydrolysis  of  the  phenylthiourea.  A  separate  experiment,  in  which  a 
pure  specimen  of  the  latter  was  boiled  with  water,  showed  that 
detectable  quantities  of  phenylthiocarbimide  are  thus  produced. 

In  another  series  of  experiments,  the  aniline  was  added  rapidly,  and  in 
excess,  to  the  solution  containing  the  thiocai*bimide  (or  the  latter  dropped 
into  excess  of  aniline),  whereupon  a  yellowish  precipitate  separated  which 
was  occasionally  viscid,  but  rapidly  hardened  ;  the  mixture  was  then  set 
aside  to  concentrate  at  the  ordinary  temperature.  By  recrystallisation 
from  alcohol,  the  solid  residue  was  separated  into  (1)  vitreous  prisms, 
melting  at  165—166°  (corr.),  with  evolution  of  gas,  and  (2)  needles, 
melting  at  236°,  which  proved  to  be  carbanilide.  A  more  satisfactory 
method  of  separating  these  constituents  is  to  let  the  mixture  stand  for 
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a  while  in  conUct  with  •troDg  aqueoui  ammoDia,  and  to  filter  off  tht 
earbamlid* ;  on  acidifying  the  filtrate  with  dilute  hydrochloric  acid, 
the  other  oonatituent  separatea  as  a  flocculent  |)reoipitat4>,  which  in 
then  to  be  reorystallifled  from  alcohol.  This  product  was  insoluble  in 
cold  water,  chloroform,  carbon  disulphide,  or  light  petroleum  ;  s|iar- 
ingly  soluble  in  ether  and  bensene,  moderately  ho  in  hot  methyl  or 
ethyl  alcohol,  and  easily  so  in  acetone,  aqueous  potash,  or  ammonia.  The 
alcohoHo  solution  was  instantly  desulphurised  by  ammoniacal  silver 
nitrate;  if  treated  with  alkaline  lead  tartrate,  a  bright  crimson 
prseipitaie  fell,  which  soon  darkened,  even  in  the  cold,  or  was 
blackened  at  once  on  heating,  owing  to  the  forraatioa  of  lead  sulphide. 
When  boiled  with  water,  the  solid  did  not  appear  to  dissolve;  the 
mixture  evolved  no  carbon  dioxide,  remained  neutral  to  litmus, 
and  gave  no  red  coloration  with  ferric  chloride.  On  analysis,  the 
following  results  were  obtained  : 

C-54-1;  H  =  5-2;  N-1705;  S-19-3,*  194,  and  19  6  percent. 
C,jH,^ON^S,  requires  C« 54-49;    H  =  4-25;    N  =  1701;    S  =  1941; 

0  —  4-84  per  cent. 

The  formation  of  this  compound  may  be  represented  as  follows  : 

CO(NCS),  +   2CeH5NH,   =   C0(NHCS-NH-CaH5)^, 

the  main  product  being,  accordingly,  carbonyldiphenyldithiocarb* 
amide;  the  carbanilide,  which  occurs  in  relatively  small  amount, 
sometimes  in  mei*e  traces,  is  formed  by  the  action  of  part  of  the 
aniline  on  the  carbonyl  chloride,  a  little  of  which  remains  dissolved  in 
the  toluene  even  after  prolonged  heating  on  the  water-bath. 

It  may  here  be  noted  that  phenylthiourea  and  carbonyl  chloride, 
when  allowed  to  stand  together,  soon  interact ;  on  heating  the  pro- 
duct with  water,  phenylthiocarbimide  is  produced,  together  with  a 
pasty  solid  which  does  not  appear  to  contain  the  dithiocarbamide  just 
deecribed.     The  nature  of  this  interaction  is  being  investigated. 

It  has  already  been  mentioned  that  potassium  thiocyanate  in 
alcohol  gave  no  satisfactory  result  when  treated  with  carbonyl 
chloride.  On  substituting  for  potassium  thiocyanato  the  much  more 
soluble  barium  salt  and  keeping  the  solution  cool  by  running  water, 
interaction  occurred  at  once,  with  precipitation  of  barium  chloride ; 
the  6Urate  had  a  pungent,  tear-exciting  odour,  was  copiously  desul- 
phurised by  lead  and  silver  salts,  and  hence,  presumably,  contained  a 
thiocarbimide.  This,  in  fact,  proved  to  be  the  case,  for  on  treating 
the  solution  with  aniline, It  lost  the  irritating  smell  and,  on  evapora- 
tion, large,  well-formed  crystals  separated,  giving  the  reactions  of  a 
thiourea.       When    recrystallised  from    hot  alcohol,  in  which  it  is 

*  This  salphnr  dctermiaatioD  was  made  with  a  product  mcltiog  st  160". 
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moderately  soluble,  the  substance  was  deposited  in  colourleFs,  flat- 
tened, vitreous  prisms,  not  much  resembling  those  obtained  from 
carbonyldithiocarbimide  and  aniline,  and  melting  without  sensible 
decomposition  at  130 — 131°  (corr.).  In  all  respects,  the  solid  answered 
to  the  description  of  aft  carboxyethylphenylthiocarbamide,  m.  p.  130° 
(Doran,  Trans.,  1896,  69,  326),  and,  on  analysis,  gave  12'6of  nitrogen 
and  14*45  of  sulphur,  against  1253  and  14'31  per  cent.,  respectively, 
calculated  for  CjQHjoOgNoS.  Tlie  formation  of  this  substance,  under 
the  above  conditions,  might  conceivably  occur  thus : 

(1)  COClo  +  Ba(SCN)2  =  C0(NCS)2  +  BaCla  ; 

(2)  C0(NCS)2  +  EtOH  +  PhNHg  =  HSCN  +  EiO'CO-NH-CS-NHPh ; 
but  this  explanation  does  not  well  accord  with  the  fact  that  the  com- 
pound SCN-CO-NH-CS-NHPh  may  be  recrystallised  from  ethyl 
alcohol  without  undergoing  change  into  carbethoxyphenylthiocarb- 
amide ;  it  seemed  therefore  more  likely  that  the  pungently  smelling 
product  was  carbethoxythiocarbimide,  originating  through  the  con- 
version of  the  phosgene  by  the  alcohol  into  ethyl  chlorocarbonate, 
which,  acting  then  on  the  barium  thiocyanate,  could  afford  carb- 
ethoxythiocarbimide : 

Ba(SCN)2   +   2EtO-CO-Cl   =   BaCl2   +   2EtO-CO-NCS. 

Finally,  the  carbethoxythiocarbimide  uniting  with  the  aniline 
would  give  carbethoxyphenylthiocarbamide  (ethyl  phenylthioallo- 
phanate). 

In  order  to  decide  experimentally  between  these  alternative  explana- 
tions, it  was  only  necessary  to  cause  the  dissolved  thiocarbimidic  product 
to  interact  solely  with  the  alcohol.  Because,  if  carbonyldithiocarbimide 
were  present  it  would  aiford  the  compound  SCN*CO'NH*CS'OEt, 
melting  at  141 — 142°,  whilst  carbethoxythiocarbimide  must  yield 
carbethoxythiourethane,  EtO*CO'NH*CS*OEt,  the  melting  point 
of  which  lies  (Doran,  loc.  cit.y  334)  between  44°  and  45°.  * 

The  experiment  was  carried  out  by  adding  a  solution  of  carbonyl 
chloride  to  excess  of  barium  thiocyanate  dissolved  in  cold  alcohol, 
whereupon  barium  chloride  was  at  once  precipitated ;  after  keeping 
for  some  hours,  the  mixture  was  filtered,  the  pungently  smelling  fil- 
trate then  gently  warmed  and  left  exposed  to  the  air  in  an  open  dish 
to  concentrate.  Presently,  a  yellow  solid  was  deposited  in  small 
quantity  ;  this  was  filtered  o£f  and  identified  as  isopersulphooyanio 
acid.  In  about  10  days,  the  solvent  had  evaporated,  leaving  a  clear, 
reddish-brown  oil,  which  was  dissolved  in  spirit  and  the  solution  then 
poured  into  water  to  get  rid  of  the  excess  of  barium  thiocyanate.  The 
resultant  oil,  after  further  washing,  was  dried,  extracted  with,  and 
again  recrystallised  from,  boiling  light  petroleum,  from  which,  on 
cooling,  it  separated  in  pure   white  prisms  melting  at  43 — 44^  and 
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oihrrwibo  «»\  :<t;i«'.  ot    .  u  l..' Low  I  hiouretlmn«  or  di- 

ethyl nniM<»', 

Fn>in  t  l)(<M>  roftulu,  the  meohanimn  of  the  intemotion  ii  dear :  the 
photgeoe  deoomposee  prtmarilj  with  the  alcohol,  and  the  ohloroear- 
bonate  iherehj  formed  affords  with  the  metal  Ito  thiooyaDate  carb- 
ethozjthiocarbimide ;  this  slowly  combines  with  the  aloohol»  if  it 
atooe  be  present,  or  unites  at  once  with  aniline,  if  this  be  added,  to 
prodooft  the  oorres|K>nding  phenylated  thiocarbimide. 

Whilst  the  use  of  alooltol  as  solvent  for  the  metallic  thiocyanate  is 
thus  inadmissible  for  the  synthesis  of  derivatives  of  oarbonyldi thio- 
carbimide, it  may  here  be  remarked  that,  so  far  as  it  has  been  tried, 
the  above  process  answers  fairly  well  as  a  method  for  producing  the 
compounds  of  carbethoxythiocarbimide. 

For  reasons  mentioned  earlier  in  this  paper,  it  is  very  desirable  to 
preeeot  the  metallic  thiocyanate  in  solution  to  the  carbonyl  chloride  ; 
and  as  ethyl  acetate  was  found  to  dissolvo  the  potassium  salt 
moderately  freely,  a  small  experiment  was  tried  with  these  materials, 
but  no  definite  compound  could  be  obtained.  The  experiment  was  then 
repeated,  using  barium  thiocyanate,  dissolved  in  slightly  warm  ethyl 
acetate.  Much  heat  was  evolved  on  adding  the  carbonyl  chloride, 
(8  grams  COCl,),  and  barium  chloride  was  precipitated  ;  the  filtrate 
was  treated  with  aniline,  concentrated,  the  residue  washed  with 
water  to  remove  excess  of  thiocyanate,  and  the  solid  product  purified 
by  recrystallisation  from  alcohol.  It  melted  at  130 — 131^  and  proved 
to  be  carbethoxyphenylthiocarbamide,  originating,  no  doubt,  from 
the  presence  of  much  alcohol  in  the  so-called  **  absolute "  ethyl 
acetate :  the  mother  liquor  was  examined,  but  no  trace  could  be  found 
of  carbonyldiphenyldithiocarbamide. 

Adumqfp'Toluidtne. — A  solution  of /^-toluidine  in  benzene  was  added 
to  the  dithiocarbimide  solution  until  no  further  precipitation  could 
be  observed  to  occur — this  required  only  one- third  of  the  amount 
calculated  from  the  phosgene  used — the  mother  liquor  was  then 
treated  with  more  toluidine,  and  set  aside  ;  it  soon  deposited  a  white 
solid,  containing  mere  traces  of  sulphur  :  when  recrystallised  from  a 
mixture  of  alcohol  with  benzene,  this  came  down  in  pure  white, 
slender,  felted  needles  melting  at  260°,  and  consisting  of  dip-ioljU 
carbamide  CCHNH-C^Hr), : 

Found  N  =  11'7  ;  CijHjg-ON,  requires  N-  11'69  per  cent. 

The  precipitate  first  obtained  was  somewhat  pasty,  but  quickly 
hardened ;  when  recryrtallised  from  a  mixture  of  bensene  with 
abeolute  alcohol,  it  was  deposited  in  faintly  yellow  lea6ets,  having  a 
brilliant  pearly  lustre,  and  closely  resembling  the  phenyl  bomologue 
in  appearance.     When  heated  in  a  narrow  tube,  it  softened  a  little 
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at  about  182°,  hardening  again,  and  melting,  with  effervescence,  at 
237°  (corr.) ;  if  put  into  the  apparatus  at  190°,  it  ran  to  a  liquid  which 
resolidified  instantly,  the  solid  melting  sharply  at  237°.  On 
analysis : 

Found,  N-16-9;  S  =  25-4. 

CioHoONjSg  requires  N  =  16-77  ;  8  =  25-52  per  cent. 

Hence  the  interaction  is  similar  to  that  in  which  aniline  is  used 
under  like  conditions,  the  product  being  a  molecular  compound  of 
the  base  and  dithiocarbimide, 

C0(NCS)2   +   C^H^-NHj   -   SCN-CO-NH-CS-NH-CVHt. 

In  relation  to  solvents  and  to  desulphurising  agents,  its  behaviour 
generally  resembles  that  of  the  phenyl  homologue  ;  moreover,  it  is 
unaffected  by  cold  water,  but  decomposed  by  boiling  with  it,  yielding 
carbon  dioxide  and  thiocyanic  acid.  A  quantity,  dissolved  in  methyl 
alcohol,  was  boiled  with  excess  of /^-toluidine,  in  order  to  learn  whether 
it  would  yield  the  di-substitution  derivative,  CO(NH'CS*NH*CyH7)2 ; 
it  decomposed,  however,  yielding  p-toluidine  thiocyanate,  and  a 
substance  crystallising  from  alcohol  in  white,  felted  needles,  melting  at 
192 — 193°  (corr),  and  containing  only  10*9  per  cent,  of  sulphur — 
carbonylditolyldithiocarbamide  would  require  17'9  per  cent.  The 
amount  was  too  small  to  permit  of  further  examination,  but  the 
substance  was  probably  di-^j-tolylthiobiuret  (S=10*7  per  cent.),  re- 
sulting thus : 


^^^CS-NH-C-H/ 


Action  of  o-Toluidine. — The  dithiocarbimide  used  in  this  preparation 
was  obtained  from  carbonyl  chloride  (in  toluene)  and  dry  barium 
thiocyanate ;  these  substances  interact  spontaneously  with  evolution  of 
beat,  but  the  yield  of  thiocarbimide  is  very  poor,  much  collateral  de- 
composition occurring,  with  production  of  carbonyl  sulphide.  Excess 
of  toluidine  was  employed,  and  eventually  a  solid  separated,  melting  at 
171 — 172°  (corr.),  and  exhibiting  properties  in  all  respects  similar  to 
those  of  carbonyldiphenyldithiocarbamide,  CO(NU*CS*NH*C7U7)2. 
Oo  analysis: 

S  found  - 17-7.     C,7H,gON^Sj  requires  S  =  17*89  per  cent 

Actum  qf  a-NaphthyUtmine, — A  granular  solid  fell  on  the  addition  of 
excess  of  a-naphthylnmine  ;  this  was  filtered  off  without  delay,  and,  as 
it  proved  to  be  almost  insoluble  in  water,  alcohol,  acetone,  bensene, 
d(0.,  it  WM  repeatedly  boiled  up,  first  with  alcohol,  and  then  with  a 
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181—182^  (oorr.);  the  brownith  liquid  quickly  i-Molidifled  (it  did  not, 
'  — rnrtr,  beeooie  perfeotlj  dry),  and  now  melted  at  333^  (oorr.).     From 
^bariotir,  notwithstanding  that  ezoeea  of  bate  had  been  uied,  it 
apfnared  probable  that  a  molecular  compound, 

8CN-CO-NH-CSNHC,oHp 
waa  in  hand  ;  the  result  of  analysiu  showed  this  to  be  tho  cano  : 

Found,  N- 14-7;  S-22'55. 

Ci,H,0N,8,  requires  N  -  U'65  ;  8  -  22*32  per  cent. 

'i^d  with  water  alono,  the  substance  is  hydrolyscJ  with 
V,  the  mixture  becoming  faintly  acid,  and  giving  with 
ferric  chloride  only  a  moderate  red  coloration.  But  if  heated  with 
caustic  potafth,  free  from  carbonate,  it  is  quickly  hydrolysed ;  the 
iilutioo,  when  treated  with  excess  of  hydrochloric  acid,  efFervesoes, 
owing  to  the  escape  of  carbon  dioxide  ;  at  the  same  time,  it  becomes 
turbid  from  separation  of  naphthylthiourea,  and  the  filtrate  gives  an 
intense  reaction  for  thiocyanic  acid.  Ammonia  acts  similarly,  but  in 
preeenoe  of  dilute  sulphuric  acid,  practically  no  hydrolysis  occurs. 
Prom  ilie  readiness  with  which  alkali  brings  about  the  decompositions 
just  mentioned,  it  follows,  of  course,  that  the  substance  is  easily  de- 
sulphurised by  alkaline  lead  and  silver  salts. 

Actum  of  Benzylaniline, — In  order  to  learn  whether  a  secondary 
base  would  unite  with  the  dithiocarbimide,  an  experiment  was 
carried  out,  using  excess  of  benzylaniline  dissolved  in  benzene.  On 
mixing  the  constituents,  heat  was  evolved,  but  no  precipitate  separated; 
the  mixture,  when  concentrated  by  slow  evaporation,  formed  a  mass 
of  crystals  entangling  a  sticky  oil  which  consisted  mainly  of  benzyl- 
aniline.  After  removing  the  latter  by  washing  with  benzene  and 
alcohol,  the  residue  was  twice  recrystallised  from  boiling  alcohol,  in 
which  it  is  moderately  soluble,  and  was  thus  obtained  in  long,  vitreous 
prisms  having  a  faint  yellow  tinge,  and  melting  at  179 — 180°  (corr.) 
with  effervescence. 

Contrary  to  expectation,  for  the  dithiocarbimide  had  lain  for  nearly 

24  hours  in  contact  with  excess  of  base,  the  product  turned  out  to  be 

^be  molecular  additive  compound  SCN-CX)*NU*CS*N(C«H()*CH,-C«Hj : 

iH  Found,  S»  19-7;  N-12-9. 
^m  C„Hj30N,S2  requires  8  - 1 9*59  ;  N  -  1 2*87  per  cent 

^B  When  boiled  with  ammopiacal  silver  nitrate  for  a  short  time,  the 
^^■looholic  solution  remains  perfectly  clear;  the  solid  is  gradnallj 
^^^tacked  by  heating  with  alkaline  lead  tartrate  and  black  clots  appear 
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affected  by  standing  with,  cold  water  ;  when  boiled  with  it,  the  crys- 
tals slowly  decompose,  evolving  carbon  dioxide  and  changing  to  a 
translucent,  half -melted,  yellow  solid,  which  now  floats  on  the  water. 
The  latter  gives  with  ferric  chloride  an  intense  thiocyanic  reaction  ; 
the  former,  when  recrystallised  from  very  weak  spirit,  is  deposited  in 
brilliant,  white  needles  melting  sharply  at  136—137°.  These  needles 
in  alcoholic  solution  give  an  immediate  black  precipitate  with 
ammoniaeal  silver  nitrate  and  are  soon  desulphurised  by  boiling  with 
alkaline  solution  of  lead ;  they  consist  of  aa-phenylbenzylthiourea 
(Trans.,  1895,  67,  571),  the  formation  of  which,  together  with  that 
of  the  accompanying  products,  may  be  represented  thus : 

SCN-CO-NH-CS-NPh-CHgPh  +  Hfl  =  HSCN  +  COg  + 
NHg-CS-NPh-CHgPh. 

The  above  hydrolysis  is  more  quickly  brought  about  by  heating  the 
parent  substance  with  dilute  potash  to  the  temperature  at  which  the 
mixture  suddenly  becomes  finely  turbid  ;  this  turbidity  is  due  to  the 
separation  of  a-phenylbenzylthiourea,  which  is  practically  insoluble  in 
water  or  caustic  alkali.  Its  composition  was  checked  by  a  sulphur 
determination  : 

Found,  S=  13-3.    Ci^Hj^NoS  requires  8=1323  per  cent. 


Attempt  to  Isolate  Carhonyldithiocarhimide. 

One  hundred  and  eight  c.c.  of  the  toluene  solution,  corresponding  to 
about  20  grams  of  carbonyl  chloride,  were  heated  for  fifteen  hours 
with  double  the  calculated  quantity  of  sodium  thiocyanate,  finely  sifted, 
and  carefully  dried.     The  dissolved  product  was  separated    as  com- 
pletely as  possible  from  the  solid  residue,  which,  in  order  to  avoid 
extreme  dilution,  was  only  given  a  single  light  washing  with   dry 
benzene.    After  exhausting  for  an  hour  in  the  cold,  to  get  rid  of  some 
of  the  unchanged  carbonyl  chloride,  the  solution  was  distilled  from  a 
water-bath  at  90°,  under  reduced  pressure,  using  a  Young's  rodand- 
disc  still-head.     All  the  solvent  came  over  between  35  and  40°,  at  a 
pressure  changing  slowly  from  40  to  33  mm.,  the  end  of  the  distillation 
being  sharply  marked  :  a  turbid  liquid  residue,  very  trifling  in  amount, 
was  then  transferred  to  a  small  distilling  flask,  and  the  internal  pres- 
sure reduced  to  23  mm.     On  heating  the  flask  to  the  temperature  of 
boiling  water,  no  liijuid  distilled  over,  but  the  contents  frothed  and 
became  darker,  and  more  solid  matter  appeared  to  separate ;  the  pro- 
cess was  therefore  interrupted,  and  the  liquid  freed  from  an  accom- 
panying brownish  solid  by  filtration  through  dry  paper.     The  filti-ate 
WM  a  dark  reddish  oil,  having  a  very  pungent,  tear-exciting  odour, 


CABOONYL  CULORIDB,  y; 

cJoMly  rMembling  tliAt  of  acet/lthiooarbimid* :  it  amouoUd  to  tom*. 
tbing  l9M  than  thrM  gimmt,  and  aoon  beoaine  turbid  on  kMpbf — « 
profMrij  oomaoQ  io  alnott  all  thiooarbimidea  of  the  aoidio  olaM. 

Wh«n  wanned  with  alkaline  lead  salU,  or  when  miied,  in  the  cold, 
with  ammoniacal  nilver  nitrate,  it  was  very  copiously  detulphunied  ;  iu 
Rolutioo  in  weak  spirit  gave  with  ferric  chloride  a  etrong  thiocyanic 
lection.  The  oil  combined  rapidly  with  alcohol,  yielding  a  rather 
hUcky  orytUlline  eolid,  and  united  almost  explosively  with  aniline, 
i>TWi  when  both  constituento  were  diluted  with  fully  an  equal  volume 
uf  beoien^  forming  a  pasty  solid,  exhibiting  the  properties  of  a  thio- 
ivbamide.  There  oould  be  little  doubt  that  the  material  in  hand  was 
( arbonyldithiocarbimide,  but  obviously  still  far  from  pure,  for  in  addi- 
tion  to  being  highly  coloured,  it  even  yet  retained  some  chlorine.  A 
sulphur  detormination,  in  fact,  showed  it  to  contain  just  under  40  per 
cent,  of  the  latter  element,  whilst  pure  CO(NCS),  would  require 
S» 44-6  percent.  The  toluene  distillate  was  collected  in  four  frac- 
tions; all— «ven  the  last— fumed  on  exposure  to  moist  air,  and 
Mnelt  of  phosgene;  and  every  one  conUined  much  thiocarbimidic 
product,  giving  a  thick  black  precipitate  on  the  addition  of  ammonia 
to  the  mixture  of  a  portion  with  excess  of  silver  nitrate. 

The  results  set  forth  in  the  preceding  pages  are  obviou>ly  very  in- 
complete, and  noUbly  so  as  regards  the  failure  of  all  attempU  to 
obUin  a  pure  specimen  of  carbon  jldithiocarbimide  itself  ;  the  difficulty 
in  this  case  depends  largely  on  the  fact  that,  hitherto,  it  has  not  been 
found  practicable  to  produce  more  than  some  four  or  five  grams  of  it 
at  a  time,  this  small  quantity  becoming  ultimately  so  diluted  with 
various  solvents,  that  the  total  bulk  cannot  well  be  kept  under  150  or 
160  c.c.  Moreover,  the  solutions  being  contaminated,  as  already 
mentioned,  with  both  thiocyanic  acid  and  phosgene,  the  purification 
of  the  compounds  obtained  from  them  could  only,  as  a  rule,  be  accom- 
plished with  great  loss ;  so  that,  whilst  the  preparations  are  todionii, 
the  yield  of  pure  material  eventually  obtained  ia  anything  but 
satisfactory. 

It  was  originally  proposed  to  continue  these  experiments,  in  tha 
hope  of  definitely  isolating  this  interesting  "musUrdoil";  but  in 
view  of  the  fact  that  several  investigators  are  now  occupied  in  studying 
the  chemistry  of  acidic  thiocarbimide  derivatives,  and  as  some  litUo 
**~e  may  elapse  before  the  writer  is  free  to  pursue  the  subject  meo- 

led,  it  seemed  desirable  to  offer  to  the  Society,   without  further 

J,  some  account,  even  though  incomplete,  of  such  resolta  as  have 

~  secured. 

In  conclusion,   the   author  desires  to  express  his  indebtedness  to 
VOL.   LXXXIII.  U 
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Mr.  R.  E.  Doran  for  considerable  assistance,  especially  with  respect 
to  the  numerous  analytical  determinations  which  it  has  proved 
necessary  to  make  during  the  course  of  this  investigation 

Chemical  Department, 
Queen's  College, 

COBK. 


IX. — Studies    in    the    Camphane     Series,       Part    X, 
The  Constitution  of  Enolic  Benzoylcamphor. 

By  Martin  Onslow  Forsteb. 

In  recording  the  properties  of  a-benzoylcamphor  (Trans.,  1901,  79, 
987),  it  was  pointed  out  that  the  enolic  modification  may  have  a 
constitution  expressed  by  one  of  the  formulse 

^c-co-aH,  '    x:c(OH)-aH, 

l-Hydroxy.2-benzoylcamphene.  Phenylhydroxymethylenecamphor. 

The  slender  evidence  then  available  appeared  to  favour  the  first  of 
these  expressions,  but  it  was  recognised  that  more  systematic  investi- 
gation was  required  before  a  definite  opinion  could  be  pronounced. 

On  subjecting  enolic  benzoylcamphor  to  reduction  with  sodium 
amalgam,  the  chief  product  was  found  to  be  benzylidenecamphor, 
which  was  first  obtained  by  Haller  from  benzaldehyde  and  the 
sodium  derivative  of  camphor.  The  result  might  be  regarded  as 
favourable  to  formula  II,  since  benzylidenecamphor  would  result  from 
the  following  series  of  changes  : 

II.     C.H„<£^<^^>-^'«'    -.    IIL    C,H.4«-^=<««)-^.«» 


O.HH<io 


CH-C.Hj 


Benzylidenecamphor. 

On  the  other  hand,  it  can  be  argued  that  in  the  event  of  the 
carbonyl  radicle  in  hydroxybenzoylcamphene  becoming  reduced  before 
the  ethylene  linking  is  attacked,  the    product  having  the  formula 

X-0H(OH)-0cH5 
CgHi4<li.Qj^  would  at  once  assume  the  ketonic  form  indi- 

cated by  formula  III.     The  behaviour  of  enolic  benzoylcamphor  on 
redaction,  therefore,  does  not  reveal  its  constitution. 

Equally  indecisive  is  the  evidence  afforded  by  oxidation  with  pot- 
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ptrmangmiiaU.  A  ■oloiton  of  •doUo  btmoylwunphor  id  alludi 
r«dtio6t  that  Agent  im mediately,  yielding  camphorio  and  benioic  aoids. 
It  would  be  reaaonable  to  accept  this  in  support  of  formula  I,  m'ere  U 
not  for  Uie  fact  that  beniylidenecamphor  and  even  bensylcamphor 
gi?e  rise  to  the  same  products.  . 

More  definite  information  has  been  gained,  however,  by  oxidising 
enolio  benioyleamphor  with  chromic  acid.  It  will  be  recognised  that 
oamphorquinone  should  appear  as  an  intermediate  product  from 
plMaylhydroxyoiethyleneoamphor,  whilst  l-bydrozy-2beosoylcam- 
phene  might  be  expected  te  pass  into  camphoric  and  benzoic  acids  at 
once.  By  the  use  of  chromic  acid,  and  also  by  oxidation  with  mer- 
euric  aoetete,  a  very  small  proportion  of  oamphorquinone  has  been 
obtained  from  enolic  benzoylcamphor,  and  on  the  evidence  of  these 
experiments  the  opinion  is  now  expressed  that  the  last-named  sub* 
stance  has  the  constitution 

X:C(0H)-CeH5 

and  must  be  regarded,  therefore,  as  phenylhjdroxymethylenecamphor. 

This  view  is  strengthened  by  a  comparison  with  hydroxy  methylene- 

C'CH'OH 
camphor,  CgH|^<^I^  ,  which  is  produced  by  the  action  of  tso- 

amyl  formate  on  camphor  in  presence  of  sodium  (Bishop,  Claisen,  and 
Sinclair,  AmuiUnt  1894,  281,  314).  Such  a  comparison  shows  that  in 
the  main  these  two  substances  resemble  one  another  closely  in  pro- 
rties.  They  behave  alike  towards  alkylating  agents,  acetic  anhydride, 
zoyl  chloride,  potassium  permanganate,  chromic  acid,  and  ferric 
ide ;  moreover,  whilst  hydroxymethylenecamphor  undergoes  con- 
ion  with  ammonia,  yielding  a  substance  CjjHj^ON,  enolic 
benzoylcamphor,  when  heated  with  ammonium  formate,  is  converted 
into  a  compound  having  the  empirical  formula  Ci^H^jON.  Further- 
more, the  trichloride  of  phosphorus  acting  on  hydroxymethylenecam- 
phor,  and  the  pentachloride  with  enolic  benzoylcamphor,  yield  sub- 
which  appear  te  be  similarly  constituted. 
They  differ  from  one  another  in  the  following  respects.  Hydroxy* 
ylenecamphor  dissolves  in  sodium  carbonate,  whilst  phenylhydr- 
ethylenecamphor  is  soluble]  only  in  caustic  alkalis.  Again, 
lydroxylamine  readily  converts  hydroxymethylenecamphor  into  an 
but  combines  with  phenylhydroxymethylenecamphor  very 
owly,  yielding  a  substance  having  the  properties  of  an  isoxasole ; 
iline  also  undergoes  con<^nsation  with  hydroxymetbyleneoamphor, 
[t  is  indifferent  tewards  benxoylcamphor. 

A  curious  distinction,  also,  is  presented  by  the  compound  obtained 
m  benzoylcamphor  and  phosphorus  pentachloride  when  compared 
th  the  corresponding  derivative  of  hydroxymethylenecamphor.    The 

H  2 
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latter  exchanges  chlorine  for  other  groups  very  readily,  the  former 
with  great  difficulty.  Whilst  alcoholic  ammonia  converts  the  latter 
into  the  compound  CjjHi^ON,  identical  with  the  product  from 
hydroxymethylenecamphor  and  aqueous  ammonia,  the  substance  from 
the  phenyl  derivative  and  alcoholic  ammonia  is  distinct  from,  but 
isomeric  with,  that  produced  when  enolic  benzoylcamphor  is  heated 
with  ammonium  formate.  It  is  difficult  to  explain  the  relationship 
between  the  [two  substances  having  the  composition  Cj^HoiON  ;  it 
seems  possible,  however,  that  their  structure  may  be  expressed  by  the 
formulae 

respectively. 

Again,  whilst   aniline  yields  with  hydroxymethylenecamphor  and 

XICH-NH-CgHj 
with  its  chloride  the  anilide  C8Hi^<^Xq  ,  it  has  no  action 

on  phenyl  hydroxymethylenecamphor,  and  converts  the  chloro-deriva- 
tive  into  a  substance  having  the  empirical  formula  CggHg^No,  and 
containing  two  aniline  residues.  The  production  of  this  compound 
is    somewhat    remarkable,   and    if    taken   alone    would   justify   the 

.C-CO-CgHj 
formula  CgHj^O-jpi  for  the   chloride   of  benzoylcamphor,  be- 

cause l-cLloro-2-benzoylcamphene  might  be  expected  to  behave  in 
the  manner  indicated,  yielding  a  compound 


C3H,<fi-^(^e«5):N-C,K,^ 


It  will  be  noted  that  this  structure  is  comparable  with  that  of  phenyl- 
auramine,  which  is  obtained  also  by  heating  a  ketone  with  aniline 
hydrochloride,  and  therefore  receives  considerable  support  from  the 
fact  that  the  aniline  derivative  has  a  brilliant  yellow  colour  and  forms 
bright  cherry-red  salts  ;  moreover,  camphor  itself  does  not  undergo  con- 
densation with  aniline.  This  behaviour  towards  the  base  is  probably 
the  strongest  argument  in  favour  of  regarding  the  halogen  atom  in 
phenylchloromethylenecamphor  as  occupying  a  position  in  the  camphor 
nucleus,  but  it  can  scarcely  be  said  to  outweigh  the  evidence  in  favour 

.C:C(C-H.)-NH-G-H. 
of  the  formula  CgHj^^^.j^.^  ^  ,  which  follows  from  the 

probable   analogy   between  the  chlorides  of    hydroxymethylenecam 
phor  and  its  phenyl  derivative,  indicated  by  the  following  formulae  : 

Chloromethylenecamphor.  PhenylchloromethylenecaiDphor. 


rORSTBR:  STTUDIBS   IN   THE  CAMPIIANB  IIBRIB8.      PART   X.      lOl 

Although  the  aboir«  poinU  of  rMemblanot  ar«  tuflkitDtly  ttriking, 
and  tht  diStrtooM  oan  be  •zpUinad  in  loine  omm  bj  the  inUrobang* 
of  bjdrog«n  and  phenyl,  a  eloee  coneideration  of  the  poinU  of  diver- 
genoe  baa  never  precluded  the  possibility  thftt  they  were  due  to  the 
•tmeinral  dietinetion  between  for  mule  I  and  If. 

A  compartaon  of  enoUe  bensoyleamphor  with  bensylidenecampbor, 

:CH-C,H, 


\^.<^' 


throws  but  little  light  on  this  question.  A  solution  of  benzylidene* 
eampbor  in  chloroform  does  not  decolorise  the  halogen  at  once,  but 
one  molecular  proportion  of  the  element  is  absorbed  io  Ihe  course 
of  several  hours.  Eaolio  benzoylcamphor  decolorises  bromine  imme- 
diately in  chloroform  or  acetic  acid  solution,  yielding  a  mixture  of  the 
oa-bensoylbromocamphors  (Forster  and  Micklethwait,  Trans.,  1902 
81,  160). 

The  same  remark  applies  to  their  behaviour  towards  nitric  acid, 
benxylidenecamphor  yielding  a  nitrosate,  Ci^H^oOjN,,  which  gives 
Liebermann's  reaction  (Haller,  CompL  rend.,  1895,  121,  35),  whilst 
enolic  benxoylcamphor  is  converted  into  aa-beuzoylnitrocamphor 
(Forster  and  Jenkinson,  Proc.,  1902,  252,  117).  Although  theea 
distinctions  in  behaviour  might  be  attributed  to  the  difference 
in  position  of  the  ethylene  linking  in  benzylidenecamphor  and 
in  hydroxybeozoylcamphene,  it  can  be  ascribed,  with  equal  justifi- 
cation, to  the  presence  of  the  hydroxyl  group  in  phenylhydroxy- 
methylenecamphor  and  the  opportunity  thus  provided  for  elimination 
of  hydrogen  bromide. 

During  this  investigation,  attempts  have  been  made  to  introduce 
radicles  of  different  acids  into  the  camphor  nucleus,  but  it  is  note- 
»rthy  that  although  camphor  is  converted  into  the  dibenzoyl  deriva- 
jtive  with  comparative  readiness,  it  has  not  been  possible  up  to  the 
[present  time  to  convert  the  ketone  into  other  acyl  derivatives.  In  a 
^fnivate  communication.  Professor  Ualler  has  informed  me  that  an 
attempt  to  prepare  acetylcamphor  has  been  unsuccessful,  and  I  have 
[failed  to  obtain  crystalline  derivatives  by  substituting  for  benioyl 
[chloride  the  chlorides  of  cinnamic,  anisic,  benienesulphonic,  phthalic, 
id  picric  acids. 

EXPEBIMIHTAL. 

Oxidation  «/  Enolic  BenzoyUtmpkor. 
Poia$iium  Ptrmtmgtmatt. — Five  grams  of  benxoylcamphor  were  die- 


dved  in  aqneons  caustic   potash  and    treated    with   S  per  cent, 
inm  permanganate  solution  until  the  red  colour  was  ptnnanent, 
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about  500  c.c.  being  rocjuircd  for  the  purpose.  Alter  adding  a  few 
drops  of  alcohol,  the  warmed  solution  was  filtered,  evaporated,  and 
finally  acidified  with  dilute  sulphuric  acid.  The  organic  acids  thus 
precipitated  were  dissolved  in  ammonia  and  treated  with  a  concen- 
trated solution  of  lead  acetate  ;  the  camphorate  and  benzoate  of  lead 
were  then  collected  and  extracted  with  boiling  water  until  the  liquid 
developed  only  a  faint  coloration  with  sulphuretted  hydrogen.  All  the 
benzoic  acid  was  in  the  filtrate,  whilst  camphoric  acid  was  isolated 
from  the  portion  insoluble  in  hot  water. 

Chromic  Acid. — A  solution  containing  10  grams  of  enolic  benzoyl- 
camphor  in  glacial  acetic  acid  was  surrounded  with  cold  water  and 
treated  slowly  with  6  grams  of  chromium  trioxide  dissolved  in  the 
minimum  quantity  of  water.  After  an  interval  of  12  hours,  the  liquid 
was  diluted,  rendered  alkaline  with  caustic  soda,  and  extracted  with 
ether,  which  formed  a  yellow  solution ;  when  this  was  evaporated  and 
the  residue  distilled  in  a  current  of  steam,  bright  yellow  crystals  of 
camphorquinone  were  obtained,  and  these,  when  crystallised  from 
alcohol,  melted  at  198°.  The  amount  of  quinone  obtained  in  this  way 
weighed  rather  less  than  1  decigram. 

Potassium  Ferricyanide. — When  a  solution  of  benzoylcamphor  in 
caustic  potash  is  treated  with  a  20  per  cent,  solution  of  potassium 
ferricyanide,  no  apparent  change  occurs  when  the  first  few  c.c.  are 
added ;  the  liquid  soon  becomes  turbid,  however,  and  finally  a  colour- 
less, flocculent  precipitate  is  formed.  The  quantity  of  this  substance 
varies  greatly  with  the  conditions  of  the  experiment,  which  was 
ultimately  conducted  in  the  following  manner. 

Ten  grams  of  the  diketone  were  dissolved  in  excess  of  aqueous 
caustic  potash  and  treated  with  20  grams  of  potassium  ferricyanide 
dissolved  in  100  c.c.  of  water;  the  precipitate  was  filtered  off  as  rapidly 
as  possible  with  the  aid  of  a  filter  pump,  and  washed  until  the 
filtrate  gave  no  coloration  with  ferrous  sulphate.  When  dried  in 
air,  the  precipitate  weighed  7*5  grams  and  consisted  of  a  pale  pink 
powder. 

On  treating  this  substance  with  a  small  quantity  of  cold  light 
petroleum,  the  greater  portion  dissolved,  forming  a  deep  red  solution 
which  became  filled,  almost  immediately,  with  a  bulky,  colourless 
precipitate.  This  product,  when  filtered  and  washed,  weighed  2 
grams,  and  after  crystallisation  from  boiling  alcohol,  in  which  it  is 
sparingly  soluble,  was  obtained  in  small,  lustrous,  white  needles, 
melting  to  a  pink  liquid  at  221° : 

01630  gave  0-4783  COj  and  0-115  H,0.     O-8003;  H-»7-60. 
CjyHjoO.^  requires  C«  79-69;  H«7«81  per  cent. 
(C^IV),),     „-     C-8000;  H-7-45        „ 


KORSTKR  :  OTUDIKS  IN  THE  CAMPnAXK  SKRIKS.      PAHT     :        1    ': 

DeioriniDatiouH  of  the  molocular  weight  in  benien*  aolutiuit 
the   vhIuos   445   nnd    455    instead  of  510  required  by  the    f*  i 
C^H^(\.     Prol>ably  2  mols.  of  enolio  bentoylcamphor  have  )> 
uiut«d  by  the  removal  of  hydrogen  from  their  hydrozyl  groupe,  and 
this  view  is  supported  by  the  indifference  of  the  subetaooe  tow»rde 
ferric  chloride  and  its  insolubility  in  alkalis ;  it  dom  noi  deoolorlat 
bromine  dissolved  in  chloroform. 

A  solution  containing  0*5015  gram  in  25  c.c.  of  chloroform  at  2P 
gave  ttD  10^51'  in  a  2dcm.  tube,  whence  [0]^  4-270*4''. 

The  substance  dissolves  readily  in  chloroform  or  benzene,  being 
moderately  soluble  in  boiling  alcohol  or  ethyl  acetate  ;  it  is  insoluble 
in  light  petroleum. 

Merctirtc  Acetate, — Five  grams  of  enolic  benzoylcamphor  were  dis- 
solved in  100  C.C  of  glacial  acetic  acid  contaioing  10  grams  of  mer- 
curic acetate,  and  allowed  to  remain  during  10  days  at  the  ordinary 
temperature.  The  colour  of  the  liquid,  which  was  initially  violet, 
gradually  became  brown  and  finally  bright  yellow,  while  mercurous 
aoetete  was  precipitated  in  lustrous  laminro.  The  acid  was  filtered, 
neutralised  with  sodium  carbonate,  and  distiliod  with  steam ;  the  pale 
yellow  distillate  was  extracted  with  ether,  and  the  latter,  on  evapora- 
tion, deposited  05  gram  of  camphorquinone. 

If  the  solution  of  benzoylcamphor  in  acetic  acid  is  heated  with  mer- 
curic acetate  on  the  water-bath,  no  camphorquinone  is^obtainable  from 
the  steam  distillate. 


Reduction  of  Enolic  Benzoylcamphor, 

Several  attempts  have  been  made  to  convert  benzoylcamphor  into  a 
reduction  product  which  might  decide  the  question  of  its  constitution. 
Zinc  dust  in  acetic  acid  has  been  tried  without  success,  and  sodium  in 
boiling  alcohol  gives  rise  to  a  viscous  oil  which  is  slowly  volatile  in 
steam,  but  does  not  crystallise.  After  some  preliminary  experiments, 
the  compound  was  reduced  under  the  following  conditions. 

Fifty  grams  of  enolic  benzoylcamphor  were  finely  powdered  and 
disaolved  in  600  c.c.  of  water  containing  40  grams  of  caustic  potash. 
The  liquid  was  pale  pink,  the  colour  being  due  to  a  small  quantity  of 
a  pink,  flocculent  precipitate.  It  is  probably  to  this  impurity  that 
enolic  benzoylcamphor  owes  the  colour  which  it  so  frequently  displaysi 
for  the  alkaline  liquid,  after  filtration  through  asbestos,  is  very  palt 
yellow. 

The  clear  solution  was  then  agitated  vigorously  with  800  grams  of 
2  per  cent,  sodium  amalgam,  added  in  quantities  of  about  100  grams 
at  a  time.  The  oil  which  separated  after  each  treatment  with  the 
amalgam  rapidly  became  semi-solid,  and  was  allowed  to  aocumolato 
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until  the  sodium  was  completely  dissolved  ;  it  was  then  removed  from 
the  alkaline  liquid,  washed  several  times  with  water,  and  finally 
treated  with  a  small  quantity  of  cold  methyl  alcohol.  After  several 
days,  a  considerable  crop  of  colourless  crystals  had  separated,  and  these, 
when  filtered,  washed  with  a  small  quantity  of  cold  methyl  alcohol, 
and  drained,  weighed  17  grams;  the  substance  was  recrystallised  first 
from  hot  alcohol  and  then  from  petroleum,  which  deposited  colourless, 
transparent  rhombohedra  melting  at  98°,  and  giving  [aji,  +451°  in  a 
2  per  cent,  chloroform  solution  : 

0  1771  gave  05477  COg  and  0  1312  Ufi.     0  =  8434;  H=:8-23. 
Cj^HgoO  requires  C  =  85*00  ;  H  =  8-33  per  cent. 

The  empirical  formula  being  that  of  benzylidenecamphor,  a  direct 
comparison  was  made  with  a  specimen  of  that  substance  prepared 
from  sodium  camphor  and  benzaldehyde.  Haller,  who  first  obtained 
benzylidenecamphor  by  this  method,  gives  the  specific  rotatory  power 
[ajo  +421°  in  toluene  (Compt.  rend.,  1899,  128,  1370),  and  the 
specimen  obtained  from  benzoylcamphor  gives  [a]o  +420°  in  a  2  per 
cent,  solution  in  the  hydrocarbon  ;  it  was  further  identified  by  con- 
version into  the  nitrosate,  C^-^HgQOgNg,  which  melts  at  188^  (Haller, 
Compt.  rend.,  1895,  121,  35). 

The  viscous  oil  from  which  the  benzylidenecamphor  had  been 
filtered  remained  liquid  during  several  months,  when  it  solidified 
suddenly;  after  being  crystallised  twice  from  light  petroleum,  the 
substance  was  obtained  in  large,  transparent  octahedra  melting  at 
50°.  This  product  was  identified  as  a-benzylcamphor,  which  is  formed 
on  reducing  benzylidenecamphor  with  sodium  amalgam. 

P}ienylchloromethylenecamph(yi\  C8Hi^<^T*  *    ^  . 

Ten  grams  of  enolic  benzoylcamphor  were  mixed  with  16  grams  of 
phosphorus  pentachloride,  which  acts  slowly  on  the  substance,  yielding 
a  pale  yellow  liquid  solidifying  after  an  interval  of  about  one  hour. 
At  this  stage  it  was  treated  several  times  with  water,  experience 
having  shown  that  the  yield  is  diminished  if  the  treatment  with  water 
is  postponed.  The  colourless,  granular  product  was  collected,  digested 
with  a  small  quantity  of  cold  alcohol,  filtered  from  the  soluble  oily 
bye  products,  and  crystallised  twice  from  boiling  alcohol,  in  which  it  is 
readily  soluble : 

0  2081  gave  O'lOBO  AgCl.     CI  - 12-83. 

Ci^HioOCl  requires  CI-  1293  per  cent. 

The  substance  is  readily  soluble  in  organic  media,  and  separates 
from  alcohol  in  long,  fiat,  transparent  prisms  melting  at   100°.      A 
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solution  couUining  0*2505  granijio  25  c.c.  of  bentone  nt  20°  gave  a^ 

I  '2V  in  A  2  dcin.  tube,  wheoce^aju  -217*'. 

i  lie  alcoholic  solution  giTM  no  ooloraUon  with  ferric  chloride,  and 
uiMy  be  boiled  with  aqueous  caastio  soda  without  losing  chlorine.  The 
compound  in  converted  into  a  crystalline  nitro-dorirative  when 
dissolved  in  fuming  nitric  acid,  but  resists  the  action  of  fuming  hydro- 
bromic  and  concentrated  sulphuric  acids,  and  when  dissolved  in 
citK>roform  does  not  destroy  the  colour  of  bromine.  If,  however,  the 
chloroform  solution  is  allowed  to  remain  with  1  molecular  proportion 
of  bromine  in  a  stoppered  bottle  during  48  hours,  the  colour  of 
the  halogen  is  destroyed  and  hydrogen  bromide  is  evolved  ;  a  portion 
nly  undergoes  bromination,  yielding  an  oil,  whilst  the  remainder  can 
be  recovered  unchanged  from  the  residue  deposited  on  evaporating 
the  chloroform. 

Attempts  to  reduce  the  substance  were  unsuccessful.  Aluminium 
and  sodium  amalgams  leave  an  alcoholic  solution  unchanged,  whilst 
tine  in  acetic  acid  and  in  alcoholic  hydrochloric  acid  gives  rise  to  oily 
products. 

Ethyl  bensoate  was  the  only  recognisable  product  of  the  action  of 
boiling  alcoholic  hydroxylamine  hydrochloride  on  phenylchloro* 
methyl enecamphor  in  the  preseuce  of  anhydrous  zinc  chloride,  and 
even  this  substance  was  not  obtained  in  the  absence  of  the  condensing 
agent. 

Action  of  Aniline  on  PJtenylcJdoromelhyleiucamplior, 

Ten  grams  of  phenylchloromethylenecamphor  were  heated  with 
10  grams  of  aniline  in  a  reflux  apparatus,  and  when  the  liquid  boiled, 
subsequent  heating  was  limited  to  4  minutes,  during  which  period  the 
contents  of  the  flask  assumed  the  colour  of  bromine.  The  product, 
when  cold,  consisted  of  aniline  hydrochloride  suspended  in  a  brown 
resin,  and  on  extracting  the  latter  with  hot  petroleum,  4*5  grams  of 
salt  were  obtained,  the  calculated  amount,  supposing  all  the 
chlorine  to  have  been  removed,  being  4*7  grams.  The  petroleum 
It  was  treated  with  anhydrous  calcium  chloride,  filtered,  and 
iporated,  leaving  a  pale  brown,  viscous  residue,  which  was  dissolved 
hot  alcohol ;  lustrous,  yellow  crystals  soon  separated,  and  after  an 
iterval  of  one  week  amounted  to  6*5  grams  : 

0-1720  gave  05413  CO,  and  01187  H,0.     C-85-83;  H-7'66. 
0-2519     „     14-7  C.C.  of  nitrogen  at  13^  and  760  mm.  N  -  6  89. 
C»H,oN,  requires  C-p85-7i  ;  H-7-39  ;  N-689  per  cent. 

The  substance  is  insoluble  in  water  and  not  very  readily  soluble  in 

>ld  alcohol,  crystallising  in  thin,  lustrous,  hexagonal  plates,  which 

sulphur-yellow,  and  quite  transparent;  it  melt^  at   117 — 118°. 
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Chloroform  dissolves  it  very  readily,  forming  a  pale  yellow  solution, 
and  it  is  also  easily  soluble  in  glacial  acetic  acid,  which  yields  a  bright 
red  liquid.  The  alcoholic  solution  develops  no  coloration  with  ferric 
chloride,  and  the  substance  may  be  recovered  quite  unchanged  after 
being  heated  with  alcoholic  potash  during  4  hours.  The  derivative 
dissolves  in  hydrochloric  and  sulphuric  acids  to  a  deep  red  solution  ; 
when  treated  with  boiling  alcoholic  hydrochloric  acid,  it  yields  aniline, 
but  no  definite  product  in  addition  to  that  base  could  be  obtained. 

Although  boiling  formic  acid  has  no  action  on  the  substance,  and  an 
attempt  to  prepare  a  benzoyl  derivative  by  the  Schotten-Baumann 
method  was  equally  unsuccessful,  its  character  as  a  secondary  base  was 
established  by  the  formation  of  a  nitroso-derivative  and  an  acetyl 
compound. 

The  nitroso-deriva.tive  is  very  readily  soluble  in  alcohol,  from  which 
it  crystallises  in  dark  brown  nodules,  giving  Liebermann's  reaction 
and  melting  at  IIS*^  with  an  evolution  of  gas. 

The  acet7/l  derivative  was  obtained  by  heating  the  substance  with 
acetic  anhydride  during  2  hours.  After  decomposing  the  anhydride 
with  water,  the  product  was  very  viscous,  but  became  crystalline  on 
treatment  with  a  small  quantity  of  warm  alcohol : 

0-3129  gave  18-2  c.c.  of  N  at  IT'S*^  and  755  mm.     N  =  669. 
C31H32ON2  requires  N  =  6-25  per  cent. 

The  compound  dissolves  very  readily  in  boiling  alcohol,  from  which 
it  crystallises  in  transparent,  canary -yellow  prisms  melting  at  166°. 

Although  phenylchloromethylenecamphor  readily  interacts  with 
aniline,  it  does  not  exchange  chlorine  for  the  piperidyl  radicle  ;  when 
heated  with  piperidino  at  140°  for  8  hours,  some  reaction  occurs,  however, 
for  hydrogen  chloride  is  eliminated,  and  the  oily  product  slowly  deposits 
a  few  crystals  of  enolic  benzoylcamphor.  The  benzoyl  derivative  is  also 
the  sole  product  of  the  action  of  potassium  cyanide  and  phenylchloro- 
methylenecamphor in  alcoholic  solution  at  200° ;  there  is  no  inter- 
action at  80°. 


Act{o7i  of  Alcoholic  Animonia  on  Plienylchloi'omethylenecamphor, 

When  chloromethylenecamphor  is  agitated  with  concentrated 
ammonia,  the  halogen  is  replaced  by  the  amino-group,  but  this  treat- 
ment leaves  the  corresponding  phenyl  derivative  unaffected.  Hot 
alcoholic  ammonia,  however,  converts  it  into  a  basic  substance  having 
the  empirical  formula  Cj^H^iON. 

Five  grams  of  phenylchloromethylenecamphor  were  heated  with 
16  c.c.  of  absolute  alcohol  saturated  with  dry  ammonia,  during  8  hours 
at  160 — 170°  in  a  sealed  tube  ]  crystals  of  ammonium  chloride  were 
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.  ...il  from  those  tho  yellow  liquid  wuh  filtered.  On  evji|K)ratiii;j 
tlio  :iK'o))ol,  a  viACons  residue  was  obtained,  which,  when  treated  witli 
w.itfr,  soon  became  crystalline.  A  few  c.c.  of  conreiitrate<l  hydro 
1  Itloric  acid  having  been  added,  the  liquid  wan  filtered  from  unaltered 
I'henylchloromethylenecamphor  and  treated  with  caustic  potash,  which 
<  olourless  precipitate  ;  the  latter  was  filtered,  washed, 
i  wioe  from  a  small  quantity  of  hot  alcohol : 

(M276  gave  03737  CO,  and  0  0950  H,0.     C  =  7987  j  II  =  8  27. 
<>  3903     „     20-7  c.c.  of  nitrogen  at  19=*  and  755  mm.     N  =  605. 
(VHjjON  i-equires  C  =  80*00  ;  H  «  823  ;  N  =  549  per  cent. 

A  solution  containing  1*0067  grams  in  25  c.c.  of  chloroform  at  21° 
gaveoD  +14^30'  in  a  2-dcm.  tube,  whence  [a]o  +180*2°. 

The  base  is  sparingly  soluble  in  cold  alcohol,  but  dissolves  readily  in 
the  hot  liquid,  and  separates  in  hard,  well-formed,  transparent,  highly 
refractive  prisms  ;  it  melts  at  1 70°. 

Its  secondary  character  is  established  by  the  formation  of  a  nitroso- 
derivative  and  by  the  indifference  of  benzaldehyde,  which  does  not 
undergo  condensation.  The  base  maybe  dissolved  in  hot  concentrated 
sulphuric  acid  without  decomposition,  and  also  remains  unchanged 
when  boiled  during  2  hours  with  either  alcoholic  hydrochloric  acid  or 
anhydrous  formic  acid  ;  if,  however,  the  action  of  the  last-named  sub- 
stance is  continued  during  8  hours,  enolic  benzoylcamphor  is  re- 
generated. 

An  alcoholic  solution  does  not  reduce  ammoniacal  silver  nitrate, 
even  on  boiling,  but  it  develops  an  intense,  blue  coloration  with 
ethereal  ferric  chloride. 

The  picrate  crystallises  from  alcohol  in  spherical  aggregates  of 
minute,  canary -yellow  needles,  and  melts  at  157°  : 

0-2250  gave  22*8  c.c.  of  nitrogen  at  20°  and  766  mm.     N  =  11-68. 
^'23^25^8^4  requires  N  =  11*54  per  cent. 

The  jAatiniddorid^  is  an  oil.  The  benzoyl  derivative  crystallises 
from  hot  dilute  alcohol  in  aggregates  of  silky  needles  melting  at 
99—100° : 

0*2709  gave  10*4  c.c.  of  nitrogen  at  19°  and  758  mm.     N  =  4*40. 
^24^25^2^  requires  N  =  3*90  per  cent. 

I  It  is  sparingly  soluble  in  boiling  petroleum,  but  dissolv«»«  readily  in 
hot  alcohol  or  chloroform. 
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Action  of  Aiumoniuni  Formate  on  Bemoylcampltor. 

Ten  grams  of  enolic  benzoylcamphor  were  heated  in  a  sealed  tube 
with  15  grams  of  ammonium  formate  at  200 — 220°  during  4  houra 
The  contents  of  the  cold  tube  were  under  very  considerable  pressure, 
and  consisted  of  a  hard,  opaque,  crystalline  mass  and  a  clear,  colour- 
less liquid.  If  the  temperature  indicated  is  not  maintained  during 
the  experiment,  the  tubes  are  found  to  contain  unaltered  benzoyl- 
camphor.    There  is  no  appreciable  formation  of  ammonium  carbonate. 

In  successful  experiments,  the  solid  substance  was  washed  with 
•water,  treated  with  a  small  quantity  of  cold  alcohol,  and  filtered. 
After  two  crystallisations  from  a  small  quantity  of  hot  alcohol,  in 
which  it  is  readily  soluble,  long,  striated,  hexagonal  prisms  were 
obtained  melting  at  118 — 119°.  Analysis  shows  that  the  substance 
is  isomeric  with  that  obtained  from  phenylchloromethylenecamphor 
and  alcoholic  ammonia  : 

01248  gave  03647  CO.^  and  00923  Rfi.     0  =  7969;  H  =  8'21. 
0-1790     „     8-9  c.c.  of  nitrogen  at  23°  and  767  mm.     N  =  5-65. 
CiyHjiON  requires  C  =  8000  j  H  =  8-23;  N  =  549  per  cent. 

A  solution  containing  0*500 4  gram  in  25  c.c.  of  chloroform  at  21° 
gave  ai)  +9°25'  in  a  2-dcm.  tube,  whence  [a]o  +235  2°. 

The  substance  is  readily  soluble  in  concentrated  hydrochloric  and 
sulphuric  acids,  being  precipitated  from  such  solutions  by  water ;  it 
is  only  very  slightly  soluble  in  boiling  water.  An  alcoholic  solution 
has  been  boiled  with  caustic  potash  during  two  hours  without  under- 
going change,  and  the  compound  is  also  indifferent  towards  benz- 
aldehyde,  benzoyl  chloride,  and  nitrous  acid.  A  solution  in  dilute 
sulphuric  acid  decolorises  potassium  permanganate  immediately,  pro- 
ducing a  yellow,  insoluble  substance.  Ferric  chloride  has  no  action 
on  an  alcoholic  solution  of  the  base. 

The  jncrate  crystallises  slowly  from  mixed  solutions  of  the  base  and 
picric  acid  in  alcohol,  forming  bright  yellow,  transparent,  hexagonal 
prisms  remaining  solid  at  250°. 

llydrohjHxa  of  the  //aw. —  Three  grams  were  dissolved  in  30  c.c.  of 
absolute  alcohol  and  heated  with  10  c.c.  of  concentrated  hydrochloric 
acid  during  four  hours.  Evaporation  left  a  colourless  residue  which 
was  extracted  with  water  and  filtered,  the  liquid  depositing  ammonium 
chloride  on  evaporation;  the  portion  insoluble  in  water  was  r< 
crystallised  from  a  small  quantity  of  alcohol,  which  deposited  enolic 
benzoylcamphor  mixed  with  a  small  quantity  of  the  isomeride. 

Action  qf  Bromine  on  t/te  Base. — The  behaviour  of  the  base  towards 
bromine  is  remarkable,  the  substance  which  is  formed  appearing  to 
have  the  composition  Cj^Hj^jONBr^. 
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Two  grams  of  the  base  wero  dissolved  in  10  c.c.  of  chloroform  and 
treated  with  a  solution  of  bromiDe  in  the  sameisolvent  so  long  as  the 
colour  of  the  halogen  was  destroyed ;  the  amount  of  bromine  thus 
added  oorresponds  to  six  atomic  proportions.  The  disappearance  of 
colour  was  instantaneous,  and  was  followed  almost  immediately  by 
the  separation  of  a  yellow  precipitate;  this,  when  washed  with  cold 
i  hloroforpi,  in  which  it  is  insoluble,  weighed  5  grams.  The  substance 
\v*as  nerjstailised  from  boiling  chloroform,  separating  in  lustrous, 
>range-red  plates,  which  melt  at  173°  to  a  deep  red  liquid  : 

0-2019  gave  02874  AgBr.     Br -60-59. 
01416    „     0-2015  AgBr.     Br  =  60-55. 

C,7Hj^ONBr5  requires  Br-6116  per  cent. 

The  bromo-derivative  is  unexpectedly  stable,  undergoing  no  change 
-n  the  desiccator,  and  crystallising  from  various  solvents  without  loss 
>f  bromine.     It  is  readily   soluble  in  alcohol,  ethyl  acetate,  and  hot 
glacial  acetic  acid,  but  only  sparingly  so  in  benzene  and  not  in  petrol- 
eum ;  1  gram  dissolves  in  50  c.c.  of  boiling  chloroform. 

When  suspended  in   water  and  treated  with  potassium  iodide,  it 
-lowly  liberates  iodine. 


Ethers  of  Enolic  Benzoykamphor. 

\\  iieti  t)  e  enolic  modification  of  beozoylcamphor  is  dissolved  in 
two  parts  of  methyl  iodide  and  treated  with  dried  silver  oxide,  action 
takes  place  spontaneously ;  when  this  is  complete  and  the  usual  pro- 
cess for  isolating  the  product  is  carried  out,  a  viscous,  yellow  oil  is 
obtained.  This  substance,  which  has  not  been  obtained  in  crystals, 
is  indifferent  towards  ethereal  feriic  chloride. 

By  the  action  of  benzyl  chloride,  however,  a  definite  ether  has  been 
prepared.  Fifteen  grams  of  enolic  benzoylcamphor  were  heated  on 
the  water-bath  with  15  grams  of  benzyl  chloride  and  7  grams  of  dry, 
powdered,  caustic  potash  during  three  days,  at  the  end  of  which  period 
the  coloration  developed  by  ferric  chloride  was  very  faint.  A  current 
of  steam  was  then  passed  through  the  liquid  until  the  odour  of  benzyl 
chloride  was  no  longer  perceptible.  The  colourless,  viscous  oil  was 
mixed  with  a  small  quantity  of  cold  alcohol,  which  precipitated  th6 
benzyl  ether  in  minute  crystals  ;  these  were  drained  and  crystallised 
twice  from  alcohol  : 

01811  gave  05503  gram  dO,  and  0-1225  HjO.     C-82-85  ;  H-.7-51. 

KC^Hjj02  requires  C  =  83*23 ;  H  =  7  51  per  cent. 
The  benzyl  ether  shows  a  tendency  to  form  supersaturated  solutions 
alcohol,  from  which  solvent  it  separates  in  large,  colourless  prisms. 
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melting  at  94 — 95°.  When  the  alcoholic  solution  is  treated  with 
ethereal  ferric  chloride,  no  coloration  is  developed  at  first,  but  gradually 
the  yellow  colour  darkens,  becoming  green,  and  after  an  interval  of 
6  or  6  hours  a  purple  colour  appears. 

A  solution  containing  0*5815  gram  in  25  c.c.  of  chloroform  at  21° 
gave  aD  +  7°15'  in  a  2-dcm.  tube,  whence  [a]o  +  155*8°. 

The  benzyl  ether  dissolves  readily  in  glacial  acetic  acid,  methyl 
alcohol,  or  ethyl  alcohol,  and  is  very  readily  soluble  in  chloroform, 
benzene,  or  ethyl  acetate ;  boiling  petroleum  also  dissolves  it  freely, 
the  cold  solution  depositing  the  substance  in  compact  prisms.  It  is 
rapidly  hydrolysod  by  alcoholic  potash,  yielding  benzyl  alcohol  and 
enolic  benzoylcamphor. 

I  desire  to  express  my  thanks  to  Miss  F.  M.  G.  Micklethwait,  to 
whom  I  am  indebted  for  the  preparation  of  the  benzoylcamphor 
employed  in  this  investigation,  and  for  a  study  of  the  benzyl  ether. 

Royal  College  of  Science,  London, 
South  Kensington,  S.W. 


X. — Action    of     Phosphorus     Haloids     on     DihydrO' 

resorcins.     Part  I,    Dimethyldihydroresorcin. 

By  Arthur  William  Crossley  and  Henry  Rondel  Le  Sueur. 

DiHYDROREsoRCiNS  behavo  towards  some  reagents,  notably  hydroxyl- 
amine  and  hydrogen  cyanide,  as  diketones  (formula  I),  whereas 
towards  other  reagents, 

CM«.<^i!:cC>CHi     (0  CMe,<^H.-C^>CH      (11) 

they  exhibit  the  properties  of  hydroxyketones  (formula  II),  and  the 
latter  would  appear  to  be  their  most  usual  form. 

In  the  course  of  an  investigation  on  the  preparation  and  properties 
of  substituted  dihydrobenzenes,  of  which  Part  I  has  appeared  (Trans., 
1902,  81,  821),  the  action  of  phosphorus  pentachloride  on  substituted 
dihydroresorcins  had  to  be  examined,  with  results  which  seemed  to 
render  it  desirable  to  study  systematically  the  action  of  all  the  phos- 
phorus haloids  on  these  substances. 

As  dimethyldihydroresorcin  is  a  well-defined  crystalline  compound, 
and  is  fairly  readily  obtained  in  large  quantities,  it  was  selected  for 
the  initial  stages  of  this  enquiry.     It  may  be  at  once  stated  that 
behaves  as  if  it  possessed  formula  II ;  thus,  when  treated  with  pho.^ 
phorus   trichloride,   only   the   hydroxyl   group    is    acted    on,   being 
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t«pUe«d  bj  oDo  chlorine  atom  and  yielding  beJtloro-Z-ketol  :  l-cd'yiuMy/- 
AM<lrBAy«M»6«iMN«,CMe,<^^;^^|>CU.     The   kotonio   nature  of 

hit  tubelaoce  U  shown  beoaiue  it  readily  yields  a  semioarbazone  ;  and 
t«  oonsUtution  is  proved  bj  the  facts  that  (i)  on  hydrolysis   with 

:  otaasium  hydroxide  it  is   reconverted   into  dimethyldihydroresorcin  ; 

md  (ii)  on  oxidation  it  gives  a  small  quantity  of  at-dimethyUuccinio 

acid,   but   principally  /3)9-dimethylglutaric  acid  and    the  lactone  of 

ahydroxy-/3)3dimethylglutaric  acid. 

These  are  the  same  oxidation   products  as   were  obtained   from 

bromo-l  :  l-dimethyl-A^-tetrahydrobenzene,  CMe2<;^J^«[^g^CH 

.  1902,  81,  824,  834),  and  afford  additional  proof  of  the 
trreoioeas  of  the  formula  assigned  to  this  substance.  The  chloroketone 
-ind  the  tetrahydrobenzene  derivative  should  therefore  have  very 
similar  constitutions,  and  the  oxidation  would  seem  to  take  place  on 
the  same  lines.  A  part  of  the  chloroketodimethyltetrahydrobenzene, 
for  example,  is  oxidised,  yielding  y^y^-dimethylglutaric  acid, 

CMe.<H::C^H         ^  CMe,<^H,.CO,H  . 

as  the  solution  becomes  alkaline,  it  is  probable  that  the  elements  of 
hydrogen  chloride  are  removed  from  a  fresh  portion  of  the  chloro- 
ketone, partial  oxidation  taking  place  at  the  double  bond  so  formed, 
giving  rise  to  an  intermediate  oxidation  product.  From  this  the 
lactone  of  a-hydroxy-y3/3  dimethylglutaric  acid  would  readily  be  ob- 
tained which,  on  further  oxidation,  would  give  a«-dimetbylsuccinic 
acid  (Und.,  page  835), 

j^*^«J<CH(OH)-C(OHr^^     ->      ^M®2<cH(0H)-C0.,H      "^ 

Chloroketodimethyl tetrahydrobenzene  appears  to  be  very  susceptible 

the  action  of  moisture,  for  on  standing,  especially  if  exposed  to 

it   slowly  deposits  crystals  of    the  hydrochloride  of   dimethyl- 

lydroresorcin.     This  is  evidently  a  case  of  hydrolysis,  the  chloride 

OMe. 

/\ 

\^       ^"-^ 
TJH 

ing  decomposed   under   the   influence   of   moisture   into  dimethyl* 
lydroresorcin  and  hydrogen  chloride,  when  these  at  once  reunite  to 
the  hydrochloride. 


^ 
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A  second  substance,  having  the  formula  CjgHjoOg,  is  produced 
when  phosphorus  trichloride  acts  on  diraetbyldihydroresorcin,  which, 
from  its  sohibility  in  potassium  hydroxide  solution,  and  from  the  fact 
that  it  does  not  give  a  colour  reaction  with  ferric  chloride,  would 
appear  to  be  an  anhydride  of  diraetbyldihydroresorcin,  in  the  forma- 
tion of  which  the  hydroxyl  groups  from  two  mols.  of  the  dihydro- 
resorcin  have  taken  part. 


CMeg 

CMog 

CMe.              CMe„ 

10     C-OH 

CH,  (^H, 
HO  C       CO 

: 

9^2    V^2          V^2    V^2 

^        CO     C— 0~C       CO 

CH 

V 

CH                 CH 

CMe 

/ 

CMe, 

9^2    9^2                      9^2    9^2 

CO     C-ONa     CIC       CO 

CH 

V 

This  constitution  is  proved,  because,  on  hydrolysis  with  alcoboli- 
potassium  hydroxide,  the  anhydride  is  quantitatively  reconverted  into 
dimethyldihydroresorcin,  and  also  because  it  is  formed  by  the  action 
of  the  sodium  salt  of  dimethyldihydroresorcin  on  chloroketodimethyl- 
tetrahydrobenzene.  In  the  above  instance,  it  is  probably  formed  by 
the  elimination,  as  hydrogen  chloride,  of  chlorine  from  the  chloro- 
ketone  and  hydrogen  from  the  hydroxyl  group  of  unchanged  dimethyl- 
dihydroresorcin. 

Dimethyldihydroresorcin  yields  the  same  chloroketodimethyltetra- 
hydrobenzene  with  phosphorus  oxychloride  as  with  the  trichloride,  but 
the  reaction  is  very  much  slower,  for  under  exactly  similar  condition- 
/the  yield  is  35  per  cent,  as  against  66   per  cent.,  and  with  the  oxv 
latte    w  ^^  P®*^  cent,  of  dimethyldihyJroresorcin  is  recovered  unchanged. 

In  the   *    '^   tribromid?   gives    5-6rowio-3-^«to-l  :  l-dimet/ii/l-^*Mra 

of  substituted  dihy^<CpTr^  pr»  ^CH,   a  substance   which   closely  re- 

1902,  81,  821),  the  ac".^    .V  a  • 

...     '  /*,  \       ng  chloro-compound  in  properties. 

d.hydroresorcm«  had  to     -j^  ^^j,  „„  dimethyldihydroresorcin.  form 

render  it  des.rablo  to  stud^^  ,.^,.  ..^^  j,^j,„^^ 

phorus  haloids  on  these  su        ^CH"Cri 

As  dimethyldihydroresoi^^s^CQi^  •CCr  ^^ 
and  is  fairly  readily  obtain  a  3  :  ^dichht-o-o-xi/Une, 
the  initial  stages  of  this  e.    ^Me:CCl\«„ 
behaves  as  if  it  possessed  fr*''SDH— CCl*^^ 
phorus  trichloride,  only  tl  Presumably,  the  hydroxyl  group  in  the 


UAU>i4*.S   US    DUtVi>HUHk8<>U«  1|3 

(iibjdror^itorcin   i«  replaced  by  one  chlorine  atom  and  the  ketonio 
oxygen   by  two  chlorine  atooui,  giving  an  intermediate  and  very  un- 

sUble  trichloroHleriyative,  CMe,<^^;!^|>CH,  which  readily  loeee 
bjdrpgen  chloride,  forming  the  above-mentioned  dichlorodihydro- 
bemane  (compare  KUges  and  Knoevenagel.  /?«r.,  1894,  27,  3020). 
After  many  ejcpenments,  it  has  been  found  that  not  lesM  than  2  mols. 
of  tiie  pentachloride  must  be  used  with  1  mol.of  dimethyldihydroresorcin 
in  order  to  obuin  the  pure  dichlorodihydrobenrene  derivative,  the 
r«aM>n  being  found  in  the  «lowne&8  of  the  action  of  phosphorus  oxy- 
chloride  on  dimethyldihydroresorcin.  If  phosphorus  pentachloride 
reacts  with  the  ketonic  group  first,  the  resulting  phosphorus 
ide  would  only  act  stew ly  on  the  hydroxyl  group,  whereas  if 
the  hydroxyl  group  is  first  attacked,  the  ketonic  group  remains,  on 
^vhich  the  oxychloride  has  no  action  at  all ;  hence  the  need  of  a  second 
luol  of  phosphorus  penUchloride  to  complete  the  reaction. 

It  was  hoped  that  dimethyldihydroresorcin  and  phosphorus  penta- 
bromide  would  give  3  :5.dibromo.l  ;  Idimethyl-A'^-dihydrobenzene, 
CMe,<^j^  *  ^g|_^CII,  and  that  possibly  this  substance  would  be 
more  susceptible  to  the  action  of  reducing  agents  than  the  correspond- 
ing dichloroKierivative,  but  not  a  trace  of  it  has  been  encountered. 
The  reaction  is  very  complicated  and  has  not  been  thoroughly  worked 
ut,  although  sufficient  evidence  has  been  obtained  to  show  its  general 
trend;  it  provide  another  example  of  the  conversion  of  hydro- 
aromatic  into  aromatic  compounds,  and  when  investigated  may  afford 
a  ready  means  of  obtaining  substituted  phenols,  which  are  otherwise 
difficult  of  production.  The  detailed  study  of  these  interesting  sub- 
stances, however,  is  somewhat  outside  the  scope  of  the  present  investi- 
gation and  must  be  left  until  a  future  occasion. 

Generally    speaking,   phosphorus   penUbromide    behaves    towards 

metbyldihydroresorcin  as   a   mixture    of   bromine    and  phosphorus 

ibromide  would  do,  but  matters  are  complicated  by  the  presence  of  a 

5  group,  which   is  evidently  responsible  for  the  produciion,  by 

igement,   of    the  series    of    bromoxylenols    which    have    been 

looant«red  (compare  Armstrong  and  Lowry,  Trans.  1902,  81,  1469). 

In    the  earliest   experimeuti*,   it  was  found   that  one  of  the  first 

locta    of   the   action   of    phosphorus    pentabromide   was    bromo- 

Tiyldihydroresorcin  (Trans.  1899,  76,  757),  which  as  the  reaction 

(ds  gradually  disappears ;  it  thus  became  necessary  to  examine 

action  of    the  phosphoks  bromides  on  this  substance,  and  the 

dts  obtained  will  be  discussed  first. 

[Phosphorus     tribromide    acts     on    bromodimethyldihydrore^orcin 

^ing  rise  to   numo-  and  di-bromoloUodimtihtfltetrahydrobtnzena   (see 

VOL.  LXXXUI.  1 
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below),  and  also  a  sub&tance  which  on  treatment  with  bromine  is 
converted  into  a  tribromoxylenol. 

The  production  of  bromoketodimethjltetrahjdrobenzene  (I)  from 

(I)     CMo,<^g«-<^>CH     <-     (II)    CMe,<g«^:^^CBr 

bromodimethyldihydroresorcin  (TT)  is  a  reaction  for  which  no  adequate 
explanation  is  at  present  forthcoming.  At  first  it  was  thought  that 
there  might  have  been  some  unchanged  dimethyldihydroresorcin  in 
the  bromodiraethyldihydroresorcin  used,  and  tiie  experiment  was 
repeated  with  material  wliich  analysis  showed  to  be  pure,  but  the 
same  result  was  obtained :  6  per  cent,  of  the  bromodimelhyldihydro- 
resorcin  being  recovered  as  dimethyldihydroresorcin  and  nearly  40 
per  cent,  as  bromoketodimethyltetrahydrobenzene. 

Dibromoketodimethyltetrahydrobenzene    has    the   constitution    re- 
presented   by    formula    TIT,    and     is    the   substance    which    it    wan 

C^te, 


III. 


CMe, 

CMe, 

/\ 

/\' 

?H2  <?H2 

CBr  CO 

CH,  CHBi- 

%/ 

\/ 

CBr 

CBr 

CH,  CBr, 
CBr  CO 


\. 


CBr 


anticipated  would  be  the  sole  product  of  the  reaction.  That  it  con- 
tains the  ketonic  group  is  shown  by  the  fact  that  it  readily  yields 
a  semicarbazone :  but  although  a  double  linking  is  present 
bromine  has  no  action  on  this  portion  of  the  molecule  :  it  has  in  fact 
no  action  at  all  in  chloroform  solution  in  the  cold,  but  on  boiling, 
substitution  takes  place  fairly  readily  with  formation  of  tribramoketo- 
dimethylletrahydrobenzene  (formula  IV),  and  then  more  slowly  giving 
tetrabromoketodimethylletrahydrobenzene  (formula  V).  This  substance 
seems  to  be  the  end  product  of  the  action  of  bromine,  for  on  heating 
it  with  excess  of  bromine  in  chloroforui  solution  for  eight  hours  no 
further  action  took  place.  Most  probably  substitution  takes  place  at 
the  carbon  atom  next  to  the  carbonyl  group  (compare  aa-dibix>mo- 
camphor),  and  although  this  has  not  been  definitely  proved,  it  ha- 
been  shown  that  both  bromine  atoms  are  attached  to  the  same  carbo: 
atom  :  for  when  the  tetrabromo-derivative  is  oxidised  with  potassium 
permanganate,  60  per  cent,  of  the  calculated  amount  of  a«-dimethy) 
succinic  acid  is  obtained.  Oxidation  would  naturally  be  expected  t 
take  place  at  the  carbonyl  group  and  the  double  linking, 

0»*-»<^fi:;c*^>Br        -.        CMe,<f,^,-CO^        -^ 

^^*«<crifco^ 


nAi/)ina  on  DinYDnonKsonriy.    paht  i.  n'> 

but  wouM  probably  go  further,  oonverting  tho  CRr,  group  into  CO,H 
Mu\  \h\\<  vieKling  the  diinethylsuocinic  ncid  obuinnl. 

K\!i.tly    the    lune  result  would,   however,    he   produced    bj  the 
vidatioQ  of  a  substance  having  tho  altornativo  formuU  in  which  the 
oromine  is  associated  with  contiguous  carbon  atoms, 


•COjH 


)  tliat  the  exact  constitution  is  not  definitely  proved  by  these  ezperi* 

menta.     Still,  undoubtedly,  both  bromine  atoms  are  attached  to  the 

^^me  carbon  atom,  and  as  substitution  cannot  have  taken  place  in  the 

methyl  groups,  the  above  constitution  is  assigned  to  these  derivatives 

us  being,  from  experiment  and  from  analogy,  the  most  likely. 

Monobromoketodimethyltetrahydrobenzene    (formula     VI     below) 

adily  absorbs  bromine,  but  immediately  gives  off  hydrogen  bromide 

•iffering  a  transformation  which  has  not  yet  been  worked  out),  so 

that  dibromoketodimethyltetrahydrobenzene,  OUe^<CS}^\^^C'Br, 

^"innot  be  obtained  by   the   direct   action   of  bromine.     This  seems 
mewhat  remarkable  in  view  of  the  ease  with  which  dimethyldihydro- 

♦sorcin  is  brominated.  becoming  CMe2<^^2~^^>CBr,  and  in  view 

of    the   peculiar  stability  of  dibromoketodimethyltetrahydrobenzene. 

This  stability  is  also  brought  out  in  the  action  of  potassium  hydroxide 

on   the  compound.       Bromoketodimeihyltetrahydrobenzene     (VJ)    is 

adily  acted  on  by  hydrolytic  agents  with  regeneration  of  dimethyl- 

CMef  CMe,  CMe,  CMe, 

CO       ~-^      OH-C       00       CBr  CO        ~^      OH-C       CO 

CH  CH  CBr  CBr 

Vir.  VIII. 

>rcin,  and  it  was  expected  that  dibromoketodimethyltetra- 

Irobenzene  (VII)  would  behave  in  a  similar  manner,  giving  rise  to 

lodimethyldihydroresorcin    (VIII),   a    snbeUnce    which    is    not 

!ked  by  long  boiling  with  alcoholic  potash.     Instead  of  this,  how. 

,  the  tendency  seems  to  be  to  form  a  benzene  ring  by  elimination 

hydrogen  bromide,  and  a  liquid  is  obtained  which  gives  a  trihromo- 

flenol  on  treatment  with  bromine.     The  formation  of  this  tribromo- 

rill  be  again  alluded  to. 

'he  action  of  phosphorus  pentabromidc  on  bromodimethyldihydro- 

I  2 
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resorcin  gives  rise  to  tribromoketodimethyltetrahydrobenzene  (IV)  or 
a  mixture  of  this  substance  with  the  tetiabromo-derivative  (V),  ac- 
cording to  the  length  of  time  that  the  mixture  is  heated.     These  are 
the  sole  products,  no  evidence  being  obtained  of  the  formatioii  of  a 
liquid  which,  on  treatment   with  bromine,  gives  a  tribromoxylenol 
This  result   is  of  importance,  for,  firstly,  it  shows  that  phosphorus 
pentabromide    behaves   as   a   mixture   of    bromine   and    phosphorus 
tribromide,  the  latter  attacking  the  hydroxyl  group,  and  the  bromine 
producing  substitution ;  and  secondly,  that  the  xylenol  obtained  in 
the  action  of  phosphorus  tribromide  on  bromodimethyldihydroresorcii 
must  be  produced  by  rearrangement  of  either  mono-  or  di-bromoketoth 
methyltetrahydrobenzene. 

When  these  facts  had  been  established,  the  action  of  phosphorus 
pentabromide  on  dimethyldihydroresorcin  was  resumed,  and  here 
the  products  vary  very  much  according  to  the  conditions  of  experi- 
ment. If  the  reaction  proceeds  for  a  short  time  only,  there  are 
formed  tribromoketodimethyltetrahydrobenzene  and  bromodimethyl- 
dihydroresorcin,  that  is,  compounds  which  would  result  from  the 
action  of  a  mixture  of  bromine  and  phosphorus  tribromide.  If,  how- 
ever, the  action  be  continued  for  a  longer  period,  a  liquid,  insoluble  in 
potassium  hydroxide,  is  obtained  which,  on  distillation,  gives  a  mono- 
hromoxylenolf  a  dihromoxylenoly  and  a  liquid  convertible  into  a  tribromo- 
xj/Unol  (m.  p.  176 — 177  5°)  on  treatment  with  bromine.  The  question 
of  the  constitution  of  these  xylenols  has  not  been  attacked,  but  it  seems 
probable  that  the   mono-  and  dibromo-compounds  are  derivatives  of 

3-o-xylenol,  CMe^^jj^'   ^  p,/!^CH.  for  on  treatment  with  bromine 

they  are  both  converted  into  a  tribromoxylenol  melting  at  182 — 18.) 
tribromo-3-o-xylenol  melting  at  184°  (Tohl,  Ber.,  1885,  18,  2562),  ami 
moreover,  it  has   been    shown   that    dichlorodimethyldihydrobenzen. 
which  is  a  derivative  of  dimethyldihydroresorcin,  readily  passes  into  a 
benzene  derivative  (dichloro-o-xylene.  Trans.,  1902,  81,  1533),  in  whicli 
the  methyl  groups  are  in  the  ortho-position  relatively  to  one  auother. 

One  further  point  may   be  wortii  alluding  to,  and  that  is  a  clue 
which  has  been  obtained  as  to  the  method  of  formation  of  these  xylene!^ 
It  must  be  remembered  that  in  all  experiments  the  crude  material  i 
thoroughly    washed    with    potassium    hydroxide   solution,   and    thn 
cannot  contain  substances  of  a  phenolic  nature ;  also  that  no  xylenol 
have  been  encountered  in  any  experiments  in  which  distillation  ha 
not   been   employed.     The   xylenols   are  therefore  not  the   pri: 
products  of  the  reaction,  but  must  have  been  formed  by  decompo- 
and  rearrangement,  a  fact  which  naturally  complicates  the  question  « 
their  constitution.     Di-  and  tri-bromoketodimethyltetrahydrobenseir 
are  insoluble   in    cold  potassium  hydroxide,  and  each,  when   heatt 
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aKno    r  s    11  .  I  •   r  ^'  i  jot  iiis 

n    li.juiti    wlii.li    in    ;  ,     ^si,.    and    on 

atmoot  with   bromine  in   complet  t   into  the  trihromo- 

lonol  meltinjf  at  17fi-    ^~"  '        So  l.»i  ..  i—  i  f^om  experi- 

.  iifnl  n'snh*,  the  cru<i  A  finsolu  .  hydroxide) 

obtjiino^l    l»v    r  luido   on  dimethyl- 

iDiv!-  V.  .   .  ...,..•  :.     ..ad    tri-bromoketodi- 

I  in  the  liquid  monobromo-derivative  ; 
o:  ompounds  would  be  decomposed 

at  lich  would   be  completed  by  the 

nation  of  bromine,  t.  which,  as  is  well  known,  possesses  this 

peculiar  fn.    '  '    '  ^ree  (compare  J?«r.,  1893,  28,  1951; 

1894,27.1  Jl,  281,  98). 

It  is  in  this  direction  particularly  that  it  is  intended  to  carry  out 
further,  work. 

Experimental. 
rhotphorut  Trichhride  and  DimethyldViydroresorcin. 

Sixty  grams  of  dimethyldihydroresorcin  (3  mols.)  were  suspended  in 

-0  grams  of  dry  chloroform  and  20  grams  of  phosphorus  trichloride 

mol.)  added  ;  no  reaction  took  place  in  the  cold,  and  so  the  whole 

was  heated  on  a  water- bath  for  two  and  a  half  hours.     The  further 

method  of  procedure,  which  was  adopted  in  all  other  similar  cases 

mentioned  in  this  paper,  was  as  follows.     After   distilling   off    the 

chloroform,  the  residue  was  poured  into  ice-cold  water  and  extracted 

«^ith  ether ;  the  ethereal  solution  was  thoroughly  washed  with  caustic 

tash,*  carefully  dried  over  calcium  chloride,  the  ether  evaporated, 

and  the  residue  distilled  in  a  vacuum,  when  all  but  a  small  residue  {A  ) 

of   2-5    grams  pas.sed  over  constantly  at  109 — 110°  under  14  mm. 

pictsure   (amount  45  grams,  yield  66  per  cent.).     On   analysis,    the 

following  numbers  were  obtained  : 

•1190  gave  0-2636  COj  and  0-0750  H,0.     0  =  6041  ;  H  =  700. 
•1620     ..     0-1403  AgOI.     01  =  22-82. 
O^nOa  requires  0  =  6056  ;  H  =  694 ;  CI  -  2239  per  cent. 

'Chhro-Z-hiUhX  :  l-dtmethi/i-jl*-Utrahi/drohenzene, 

CMe,<^2^.^^>CH. 

colourless,  highly  refractive,  oily  liquid   boiling  at   109—109-5® 

(The  alkaline  washinR*  (16  grams)  were  prored  to  conUin  unaltered  dimethyl - 
Iroresorcin  and  some  phosphonw  compoundji,  which  have  not  been  inveatigated  : 
rk  which  holds  good  for  the  alkaline  washings  mentioned  in  snbseqnent 
itions. 
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under  14  mm.  pressure,  it  has  a  strongly  marked  odour  of  peppermint 
and  is  insoluble  in  water,  but  dissolves  readily  in  alcohol  or  ether  ;  its 
alcoholic  solution  does  not  give  a  coloration  with  ferric  chloride.  It 
is  also  insoluble  in  cold  potassium  jiydroxide  solution,  but  on  boiling 
it  slowly  dissolves  and  is  converted  into  dimethyldihydroresorcin. 

On  standing,  especially  if  exposed  to  air,  needle-shaped  crystals 
separate,  which,  from  their  melting  point  and  other  properties,  were 
proved  to  consist  of  dimethyldihydroresorcin  hydrochloride  (Trans., 
1902,  81,  828).  When  the  chloroketone  is  treated  with  one  mol.  of  phos- 
phorus pentachloride  in  chloroform  solution,  it  is  converted  into  dichloro- 
dimethyldihydrobenzene  (i6ic/.,  826),  and  when  treated  with  bromine 
also  in  chloroform  solution  no  immediate  decolorisation  takes  place, 
but  on  standing  the  bromine  is  slowly  absorbed,  and  on  adding  more 
bromine  it  is  rapidly  used  up  and  torrents  of  hydrogen  bromide  are 
eliminated. 

Action  of  Halogen  Acids. — The  chloroketone  readily  dissolves  in 
glacial  acetic  acid  saturated  with  hydrogen  bromide,  and  on  allowing 
the  solution  to  stand,  well-defined,  rhombic  plates  separate,  melting 
at  1 69° withdecompositionand evolution  of  gas  (dimethyldihydroresorcin 
hydrobromide,  compare  Trans.,  1899,  75,  776).  The  crystals  were 
readily  soluble  in  boiling  water  and  on  cooling  flat  needles  separated, 
which  melted  at  148°  with  production  of  a  red  film,  and  consisted 
therefore  of  dimethyldihydroresorcin. 

In  a  similar  manner,  when  the  chloroketone  is  dissolved  in  glacial 
acetic  acid  saturated  with  hydrogen  chloride,  dimethyldihydroresorcin 
or  its  hydrochloride  is  obtained. 

The  semicarbazone  separates  almost  immediately  on  adding  semi-' 
carbazide  hydrochloride  (2  mols.)  and  the  requisite  amount  of  potass- 
ium acetate  dissolved  in  water  to  an  alcoholic  solution  of  the  chloro- 
ketone. It  is  insoluble  in  ether  or  light  petroleum,  but  readily  soluble 
in  ethyl  acetate  or  alcohol  on  boiling,  and  crystallises  from  the  latter^ 
solvent  in  beautiful,  glistening,  flat  needles,  which  melt,  decompose,! 
and  give  ofif  gas  at  199°  : 

01588  gave  26-6  c.c.  moist  nitrogen  at  15°  and  768  mm.  N=  19-83,j 
CgH^^ONgCl  requires  N  =  19*49  per  cent. 

Oxidation  of  C/Uoroketoditnethyltetra/ii/drohenzene. — Twenty  grams  of 
the  chloroketone  were  suspended  in  500  c.c.  of  water  and  a  cold  satur- 
ated solution  of  potassium  permanganate  was  added  until  the  colour 
remained  permanent  (75  grams  KMnO^  required).  The  solution, 
which  became  very  hot  during  the  oxidation,  was  then  filtered  from 
manganese  dioxide,  evaporated  to  a  small  bulk,  acidified,  and  repeatedly 
extracted  with  ether.  The  solid  residue  (20grams),obtained  by  evaporat- 
ing the  ethereal  solution,  was  then  heated  with  excess  of  acetyl  chloride 
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for  five  hours,  tho  1^  ,  .and  the   wholo  diRtill-l   «»»  .1.  r 

I-  mm.  pressure,  when  the  following  fnictionR  were  collectol 

1 10^160®- few  dropn  ;  160 — 200 •■  5*5  grams  ;  reMiiue-9  gram*. 

Tho  fraeiion  110 — 160°  conoisted  of  of-dimethyUnccinic  anhydride, 
for,  on  boiling  with  WAt«r  and  saturating  the  solution  so  formed  with 
hydrogen  chloride,  the  corresponding  acid  was  obtained  melting  at 
140^, 

Tho  fraction  160— 200'' boiled  for  the  most  part  between  ISO'^nnd  185° 
and  consisted  of  /3)3-dimethylgIutaric  anhydride  melting  at  133°.  The 
acid  prepared  from  it  melted  at  100°  and  the  anilic  acid  at  134—135° 
(compare  Trans.,  1896,  60,  1475). 

The  r$ndue  solidified  completely  on  cooling.  It  was  purified  by 
repeated  crystallisation  from  benzene,  from  which  solvent  it  separated 
in  compact  masses  of  thick  needles  melting  at  110*5°  : 

01846  gave  0-3568  CO,  and  01058  H^O.     C  =  52-71  ;  H  =  6-37. 

CyHj^jO^  requires  C  =  5316  ;  H  =  6-33  per  cent. 
0-6226  required  385  c.c.  cold  A'^sodium  hydroxide.     Calc,  3*94  c.c. 

C.HjoO^  mol.  wt.  calculated  =  158.     Found,  161. 

On  heating  the  solution,  a  further  3*5  c.c.  of  iT-sodium  hydroxide 
were  necessary  for  neutralisation. 

This  substance  is  evidently  the  lactone  of  a-hydroxy-;3,/?-dimethyl- 
glutaric  acid  (compare  Trans.,  1902,  81,  835,  and  Perkin  and  Thorpe, 
Trans.,  1899,  75,  56).  When  crystallised  from  water,  it  separates  in 
masses  of  transparent  plates  which,  on  heating  in  a  capillary  tube,  soften 
at  about  50°,  melt  at  61°,  and  become  quite  clear  at  82°  ;  they  contain 
IHjO,  which  is  lost  on  drying  in  a  vacuum  over  sulphuric  acid : 

1-5574  lost  0  1502  H^.     H20  =  9  64. 

C-Hj^jO^.h'o  requires  H2O  =  10  22  per  cent. 

DimethyldUiydroresorcin  Afilii/dridej 

— It  was  mentioned  on  page  117  that  a  small  residue  (A)  remains  on 
distilling  chloroketodimethyltetrahydrobenzene.  On  standing,  it 
solidiGed  completely,  and  after  purifying  by  crystallisation  from  dHute 
alcohol  was  analysed,  with  the  following  results : 

01114  gave  0'2990  CO^  and  00874  llfi.     0  =  7321 ;  H  =  8-71. 
C,jH„03  requires  0  =  7328  ;  H  =  8-40  per  cent. 

The  anhydride  is  readily  soluble  in  chloroform  or  ether  in  the  cold, 
crystallises  from  acetone  in  large,  hexagonal  prisms  and  from  dilute 
alcohol  in  needles  melting  at  99 '5°.  It;  does  not  impart  an  acid  reac- 
tion to  water,  does  not  give  a  coloration  with  ferric  chloride,  and  is 
insoluble  in  cold  potassium  hydroxide  solution,  but  on  heating  with 
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alcoholic  potash  for  3  hours  it  is  quantitatively  converted  into  di- 
methyldihydroresorcin.  Its  chloroform  solution  does  not  decolorise 
bromine  in  the  cold,  but  on  warming  the  bromine  is  readily  used  up 
and  hydrogen  bromide  is  evolved. 

Many  attempts  have  been  made  to  prepare  this  anhydride  in  larger 
quantity  without  any  great  success;  small  quantities  are,  however, 
produced  by  the  action  of  phosphorus  oxychloride  on  the  potassium 
salt  of  dimethyldihydroresorcin,  or  by  heating  together  the  sodium 
salt  of  dimethyldihydroresorcin  with  chloroketodimethyltetrahydro- 
benzene. 

Phosphorus  Oxychloride  and  Dimethyldihydroresorcin. 

Thirty  grams  of  dimethyldihydroresorcin  (3  mols.),  60  grams  of  dry 
chloroform,  and  12  grams  of  phosphorus  oxychloride  (1  mol.)  were 
heated  for  two  and  a  half  hours.  The  product  was  worked  up  as  de- 
scribed on  page  1 17,  when  12  grams  of  a  liquid  boiling  at  llO'^  under 
19  mm.  pressure  were  obtained  which  had  all  the  properties  of  chloro- 
ketodimethyltetrahydrobenzene : 

01762  gave  01636  AgCI.     01  =  22-97. 

CgH^^OOl  requires  CI  =  22-39  per  cent. 

The  alkaline  washings  yielded  12  grams  of  dimethyldihydroresorcin 
and  some  phosphorus  compounds. 

Phosphorus  Tribromide  and  iJuuethyldihydroresorciii. 

Thirty  grams  of  dimethyldihydroresorcin  (3  mols.),  60  grams  of  dry 
chloroform,  and  20  grams  of  phosphorus  tribromide  were  heated 
together  for  three  and  a  half  hours.  On  pouring  into  water,  0*4  gram 
of  a  solid  separated,  which  crystallised  from  water  or  dilute  sulphuric 
acid  in  line,  silken  needles  melting  at  296°.  This  substance  is  readily 
soluble  in  the  ordinary  organic  solvents,  but  the  amount  was  too  small 
to  permit  of  its  exact  nature  being  determined. 

The  residual  liquid  obtained  in  the  usual  manner  (p.  117)  was 
j»urified  by  distillation  in  a  vacuum  and  the  bromine  determined : 

0-1510  gave  01410  AgBr.     Br  =  39-73. 

OgHjjOBr  requires  Br  =«  39*41  per  cent. 

^•Bromo-^-hetoA.  :  l»diinethyl-A*-tetrahydrobenzenef 

is  a  heavy,  colourless,  refractive  liquid,  boiling  at  129°  under  25  mm. 
pressure  and  possessing  a  distinct  odour  of  peppermint.  It  decolorises 
a  solution  of  bromine  in  chloroform,  but  as  in  the  case  of  the  corre- 
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Kponding  chioroket'One(p.  1 1 8)  the  initial  stage  of  the  reAction  takes  place 
slowly.  On  standing,  it  becomes  slightly  coloured  and  deposits  crystals 
of  dimothyldihydroresorcin  hydrobromide  melting  at  168 — 169°  with 
lirompviKition,  a  change  which  is  more  readily  brought  about  by 
di>».^oIving  the  bromoketone  in  glacial  acetic  acid  saturated  witli 
hydrogen  bromide. 

The  S9iii»oflp-6ason«  crystallises  from  alcohol  in  small,  glistening  scales 
melting  at  190°  with  decomposition  and  evolution  of  gas.  It  is 
insoluble  in  light  petroleum  and  only  sparingly  soluble  in  chloroform, 
benzene,  or  alcohol  on  boiling  : 

01 662  gave  23-6  c.c.  moist  nitrogen  at  16°  and  760  mm.     N=  16  55. 
CjHj^ONjBr  requires  N  =  16*15  per  cent. 

PKo9p?toru$  PerUacIdaride  and  Dimethyldihydroresorcin. 

The  products  of  the  action  of  phosphorus  pentachloride  (2  mols.)  on 
dimethyldihydroresorcin  (1  mol.)  have  already  been  described  ;  more 
than  80  per  cent,  of  the  calculated  amount  of  3  : 5-dichloro-l  :  1- 
dimethyl-A-*  =  *-dihydrobenzene  (Trans.,  1902,  81,  826)  is  obtained, 
and  also  some  3  :  5-dichloro-o-xylene  (Trans.,  1902,  81,  1533). 

Many  experiments  have  been  made  using  one  or  one  and  a  half 
mols.  of  phosphorus  pentachloride  with  one  mol.  of  dimethyldihydro- 
resorcin, both  with  and  without  the  use  of  chloroform  as  a  solvent,  but 
in  no  instance  could  the  dicblorodimethyldihydrobenzene  be  obtained 
pure,  as  shown  by  numerous  chlorine  determinations,  which  invariably 
were  from  one  to  two  per  cent.  low. 

Photpkcrus  TVihromide  and  Bromodimethyldihjdroreaordn. 

Bromodimethyldihydroresorcin,  CMe2\pTT^.p//^TTv^CBr,H20,  was 

prepared  by  the  method  already  described  (Crossley,  Trans.,  1899,  76, 
757).  In  this  paper,  it  is  stated  that  the  crystalline  substance  melts 
at  173 — 173*5°  (uncorr.),  whereas,  after  its  loss  of  IHgO,  it  melts  at 
143 — 144°.  This  is  an  error  which  was  unfortunately  overlooked,  for 
l>oth  the  crystals  containing  IHgO  and  the  dried  substances  melt,  de- 
compose, and  give  off  gas  at  173 — 174°,  and  many  degrees  below  this 
temperature  there  is  a  diminution  in  bulk  (compare  Annalerif  1902, 
322.  250). 

The  bromodimethyldihydroresorcin  used  in    the  following  ezperi- 


0-2014  gave  01 740  AgBr.     Br  =  3674. 

CgHjjOjBr  requires  Br  =  36  53  per  cent. 

Twenty-five    grams    of    bromodimethyldihydroresorcin    (3    mols.) 
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50  grams  of  dry  chloroform,  and  10-3  grams  of  phosphorus  tribromide 
(1  mol.)  were  heated  for  eix  hours,  during  which  time  hydrogen 
bromide  was  slowly  evolved.  The  alkaline  washings  yielded  1  gram 
of  dimethyldihydroresorcin.  The  residual  liquid,  on  standing,  partially 
solidified,  yielding  3  grams  of  a  solid  (Filtrate  =  A),  which,  after  crys- 
tallisation from  light  petroleum,  was  analysed  : 

01818  gave  0-2235  CO.^  and  0*0584  H2O.     C  =  33*53  ;  H  =  3-57. 
0-1500     „     0-1854  CO2    „     0-0464  H,0.     0-33-71  ;  H  =  3-44. 
0-2238     „     0-2996  AgBr.     Br  =  56-96". 
CgHioOBrg  requires  C=F 3404;  H  =  3-54;  Br=  56-74  per  cent. 

Determinations  of  the  molecular  weight  by  the  lowering  of  the 
freezing  point  of  a  solution  in  benzene  gave  the  following  numbers  : 

Found  265  :  273.     Calculated  for  G^R^fiBv^,  mol.  wt.  =  282. 

4  :  6-Dlbromo-3  keto-1  : 1'dimethyl-^^-tetrahydrohenzeney 

is  very  soluble  in  the  cold  in  ether,  acetone,  benzene,  or  chloroform, 
and  crystallises  from  slightly  diluted  alcohol  or  light  petroleum 
(b.  p.  80 — 100°)  in  fern-like  aggregates,  or  on  slow  crystallisation  in 
large,  octagonal  pyramids  melting  at  95-5 — 96°.  It  is  insoluble  in 
cold  potassium  hydroxide,  but  on  heating  the  solution  becomes  highly 
coloured  and  the  solid  gradually  disappears.  This  alkaline  liquid 
was  extracted  with  ether,  acidified,  and  again  extracted ;  the  latter 
ethereal  solution,  on  evaporation,  left  a  residue  which  did  not  solidify 
on  standing.  It  was  dissolved  in  chloroform  and  treated  with  bromine, 
when  a  solid  was  obtained,  readily  soluble  in  potassium  hydroxide, 
but  insoluble  in  sodium  carbonate,  and  crystallising  from  alcohol 
or  light  petroleum  in  glistening  needles  melting  at  182 — 183°,  This 
substance  appears  to  be  identical  with  the  tribromoxylenol  mentioned 
on  page  128. 

The  dibromoketone  is  slowly  attackel  by  cold  potassium  per- 
manganate ;  it  does  not  decolorise  a  solution  of  bromine  in  chloroform 
in  the  cold,  but  on  heating  the  chloroform  solution  of  one  mol, 
of  the  substance  with  one  mol.  of  bromine,  hydrogen  bromide  is 
readily  evolved,  and  after  15  minutes  the  whole  of  the  bromine 
disappears.  The  solid  obtained  on  evaporating  the  chloroform 
melted  at  106°  after  crystallisation  and  was  identical  with  the 
tribromoketodimethyltetrahydrobenzene  described  on  page  124  : 

0-2140  gave  0-3358  AgBr.     Br  =  66-77 

CgHjjOBry  requires  Br  =  66-48  per  cent. 

When  very  rapidly  heated  ia  a  good  vacuum,  dibromoketodimethyl< 
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t^trahydrobenzene  may  be  distillod  with  only  slight  decotu{K>8ition,  but 
on  slowly  heating,  especially  in  nii\  it  is  dicoinposed  with  evolution 
of  hydrogen  bromide. 

One  gram  of  the  substance  was  hcitod  in  a  sulphuric  acid  bath  at 
175 — 180"^  until  the  whole  of  the  hydrogen  bromide  had  been  evolved. 
The  residual,  slightly  brown  liquid  (0*7  gram)  did  not  solidify  on 
standiBg,  and  was  only  to  a  small  extent  soluble  in  potassium 
hydroxide..  It  was  dissolved  in  chloroform  and  bromine  added,  when 
the  latter  was  rapidly  used  up  and  torrents  of  liydrogen  bromide  were 
eliminated.  The  chloroform  solution  left,  on  evaporation,  1  gram  of 
a  solid  residue  which  crystallised  from  light  petroleum  (b.  p.  60 — 80°) 
in  glistening  needles  melting  at  176 — 177*5°.  It  was  readily  soluble  in 
potassium  hydroxide,  but  insoluble  in  sodium  carbonate  solution  and 
consisted  of  the  tribromoxylenol  described  on  page  128. 

The  semi carbazoiie  separates  slowly  on  adding  the  requisite  quantities 
of  eemicarbazide  hydrochloride  and  potassium  acetate  dissolved  in  water 

to  an  alcoholic  solution  of  dibromoketodimethyltetrahydrobenzene  : 

• 

0-1572  gave  167  c.c.  moist  nitrogen  at  20°  and  77*5  mm.  N=  12'40. 
CgHjgONgBrg  requires  N=  12*39  per  cent. 

It  is  insoluble  in  cold  ether  or  light  petroleum,  but  readily  soluble 
in  cold  chloroform,  and  crystallises  from  alcohol  in  masses  of  hair- 
like needles  melting  at  202°  with  decomposition  and  evolution  of  gas. 

The  filtrate  A  (page  122)  showed  no  sign  of  solidifying  after  long 
standing,  and  was  therefore  distilled  in  a  vacuum,  during  which  pro- 
cess hydrogen  bromide  was  continuously  evolved.  The  following 
fractions  were  collected  under  28  mm.  pressure  : 

130— 135°  =  2  grams;    135— 145°  =  6  grams;    145— 160°=.2  grams; 
180— 185°  =  6  grams. 

The  accompanying  sketch  is  of  an  apparatus  which  has  been  found 
very  useful  for  fractional  distillation  in  a  vacuum, 
especially  where  only  small  quantities  of  liquid  have 
to  be  dealt  with.  By  means  of  the  small  stoppered 
funnel  Ay  a  fraction  of  a  particular  boiling  point  can 
be  introduced  into  the  distillation  flask  at  any  moment 
without  breaking  the  vacuum. 

The  fraction    130 — 135°   solidified  completely  on 
standing,  forming  crystals  which  melted  at  168 — 169° 
with  decomposition,  and  on  boiling  with  water  gave  dimethyldihydro- 
resorcin  ;    it  must  therefore  have  consisted  of  the  hydrobromide  of 
this  substance. 

T\iQ  fraction  135 — 145°  consisted  of  an  almost  colourless  liquid  with 
a  marked  odour  of  peppermint.     The  boiling  point  is  approximately 
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that  of  V)roinoketodimethyltetrahydrobenzene  (page  120),  and  the 
identity  of  the  two  substances  was  established  by  preparation  of  the 
fiemicarbazone  melting  at  189— 190°  (found,  N  =  16-10,  Br  =  30-89  ;calc., 
N  =  16-15,  Br  =  30-77  per  cent.),  and  of  dimethyldihydroresorcin 
hydrobroraide,  melting  at  168 — 169°  with  decomposition. 

The  fraction  li5 — 160°  consisted  of  a  mixture  of  the  constituents 
of  the  fractions  of  lower  and  higher  boiling  point. 

Tho/raclioii  160 — 185°  was  partially  soluble  in  potassium  hydroxide 
solution,  but  did  not  solidify  on  standing.  It  was  dissolved  in 
chloroform  and  treated  with  bromine,  when  a  solid  was  obtained  which 
was  readily  soluble  in  potassium  hydroxide,  but  insoluble  in  sodium 
carbonate  Folution,  and  crystallised  from  light  petroleum  in  glistening 
needles  melting  at  176—177*5°  : 

0-2060  gave  0-3254  AgBr.     Br  =  67-19. 

CgHyOBrg  requires  Br  =  66-85  per  cent. 

This  substance  is  evidently  identical  with  the  tribromoxylenol 
mentioned  on  page  128. 


Phosphorus  Pentahromide  and  Bromodimethyldihydroiesorcin, 

In  the  first  experiment,  5  grams  of  bromodimethyldihydroresorcin, 
20  grams  of  phosphorus  pentahromide,  and  50  grams  of  dry  chloro- 
form were  used.  On  adding  the  pentahromide,  bromine  was  set  free, 
and  the  amount  increased  rapidly  on  first  heating  the  mixture,  but  was 
gradually  used  up  as  the  reaction  proceeded.  The  mixture  was  heated 
for  one  hour,  during  which  time  much  hydrogen  bromide  was  evolved. 
After  working  up  the  product  in  the  usual  way,  3*4  grams  of  a  thick 
liquid  was  obtained  which  rapidly  solidified.  It  was  purified  by  crys- 
tallisation from  dilute  alcohol  and  analy.sed  : 

0-1871  gave  01842  CO^  and  00428  H^O.     C  =  2685  :  H-2-64. 
0-2116     „     0-3310  AgBr.     Br  =  66-54. 
CgHjOBrg  requires  C  =  26*59  ;  H  «  2*49  ;  Br  «  66*48  per  cent. 

2:4:  6-7W6romo-3-A:«<o-l  :  \  dimethyl- ^^-tetrnhydrohtnzene^ 

nxir    /CHBr*CO>s,^„ 
CMe,<^„^^g^>CBr, 

is  very  readily  soluble  in  the  cold  in  chloroform,  benzene,  or  acetone, 
and  fairly  readily  so  in  alcohol  or  light  petroleum  (80 — 100°)  on  warm- 
ing, and  separates  from  the  last-named  solvent  in  fern-like  aggregates, 
or  on  slow  crystallisation  in  large,  rectangular  plates  melting  Tvt 
105*5 — 106°.  When  heated  above  its  melting  point,  hydrogen  bromide 
is  evolved.  Some  of  the  substance  was  maintained  at  a  temperature 
of  175 — 180°,  until  no  more  gas  was  eliminated,  and  the  slightly 
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oolourod  liquid  reaidue,  which  did  not  solidify  on  Btanding  and 
only  (Hu-tially  soluble  iu  poUsaium  hydroxide,  was  dissolved  in  chloro 
form  aud  treated  with  bromine,  when  the  latter  rapidly  disappeared 
and  hydrogen  bromide  was  evolved.  The  solid  residue  left  onevapor 
attng  the  chloroform  crysU^Uised  from  light  petroleum  (b.  p.  60 — 80'  / 
iu  glisteuiug  needles  melting  at  176— ITT'd*^,  and  was  identical  in  all 
its  properties  with  the  tribrouioxylenol  mentioned  on  page  128. 

Trtbromoketodimethyltetrahydrobenzene  in  insoluble  in  coM 
potassium  hydroxide  solution,  is  blowly  attacked  by  potassium  pei 
maogmnate,  and  does  not  decolorise  a  solution  of  bromine  iu  chloroform 
in  the  cold,  although  on  warming  the  bromine  gradually  dinappears 
and  hydrogen  bromide  is  evolved.  The  solid  residue  obtained  by  this 
treatment  was  purided  by  crystallisation  from  light  petroleum  (b.  p. 
60— 8(P)  and  analysed  : 

0- 1510  gave  01224  CO,  and  00286  H^O.     C-2210;  H-210. 
01302      „     0-2238  AgBr.     Br=.73U. 
CgHgOBr^  requires  C-21-82  ;  H-  1-82  ;  Br  =- 72*72  per  cent. 

2  :  2  :  <  • '  T-'rabrotruhd-ketol  :  l-ditnethyl-^^-telrahydrobenzenef 

is  very  readily  soluble  in  the  cold  in  chloroform,  benzene,  or  ether,  and 
readily  bo  in  alcohol  or  light  petroleum  on  warming,  separating 
from  the  last-named  solvent  in  stout  needles  or  on  slow  crystallisation 
in  large,  four-sided  prisms  melting  at  117*5 — 118^.  It  is  insoluble 
in  potassium  hydroxide  solution  and  is  not  further  acted  on  by 
bromine. 

Oxidation  of  Tetrahromohetodiniethylutrahydrobenzene. —  Five  grams 
of  the  substance  were  suspended  in  100  c.c.  of  water  and  a  saturated 
solution  of  potassium  permanganate  added.  As  the  reaction  took 
place  extremely  slowly  in  the  cold,  the  whole  was  heated  on  a  water- 
bath,  in  which  case  the  oxidation  was  complete  in  about  twelve  hours, 
and  during  its  earlier  stages  bromine  was  freely  evolved.  The  solution 
was  filtered  from  manganese  dioxide,  evaporated  to  a  small  bulk, 
acidified  with  sulphutic  acid,  and  repeatedly  extracted  with  ether. 
On  evaporating  the  ethereal  solution,  a  solid  residue  (1*1  grams  ;  calc, 
1*6  grams)  was  obUined  which  melted  at  136 — 137'^  and,  after 
crystallisation  from  water  saturated  with  hydrogen  chloride,  at  140^. 

a#-Dimethyl8uccinic  acid  melts  at  140 — 141°  and  the  identity  of 
the  two  substances  was  further  proved  by  preparing  the  aniiic  acid, 
which  crystallised  from  methyl  alcohol  in  nacreous  needles  melting  at 
186°  (compare  Trans.,  1899,  76,  801). 

In  a  second  experiment,  using  25  gramfl  of  bromodimethyldihydro- 
resorcin,   100  grams  of  phosphoru^t  pentabromide  and  150  grams  of 
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dry  chloroform,  20  grams  ^of  a  solid  were  obtained,  which,  after 
repeated  crystallisation,  melted  sharply  at  83*5 — 84*^,  and  gave 
numbers  on  analysis  indicating  that  it  was  a  mixture  of  tri-  and 
tetra-bromoketodimethyltetrahydrobenzene  : 

Found  C  -  2101 :  23-90 ;  II  -2-51: 230 ;  Br  «  70-40  :  7054  per  cent. 
CgHgOBra  requires  C  =  2G -59;  11  =  2-49;  Br  =  66-48  per  cent. 
C^H^OBr^       „        C  =  21-82;  H  =  l-82;  Br  =  72-72       „ 

It  was  therefore  dissolved  in  chloroform  and  treated  with  bromine 
until  absorption  was  complete,  when  the  pure  tetrabromoketone, 
melting  at  117'5 — 118°,  was  obtained  : 

0-2060  gave  03530  AgBr.     Br  =  72-91. 

CgHgOBrj  requires  Br  =  72*72  per  cent. 

In  other  experiments,  the  crude  material  melted  at  110°  and  101°, 
and  in  both  cases,  on  further  treatment  with  bromine,  it  was  com- 
pletely converted  into  the  tetrabromo-derivative  melting  at  118°. 

Phosphorus  Pentahromide  and  Diinethyldihydrwesorcin, 

Ex})eriinent  I. — Five  grams  of  dimethyldihydroresorcin  were  sus- 
pended in  30  grams  of  dry  chloroform  and  31  grams  of  phosphorus 
pentahromide  added.  On  warming  on  the  water-bath,  the  dimethyl- 
dihydroresorcin quickly  went  into  solution  and  hydrogen  bromide  and 
bromine  were  set  free  in  large  quantity ;  the  latter  was,  however, 
rapidly  used  up  again.  After  heating  for  ten  minutes  a  solid  was 
thrown  out  of  solution,  and  at  this  point  the  reaction  was  stopped.  The 
solid  was  filtered  and  crystallised  from  dilute  alcohol,  from  which  it 
separated  in  glistening  scales,  melting  at  173 — 174°,  and  as  the 
following  bromine  determination  in  the  dried  substance  shows, 
consisted  of  bromodimethyldihydroresorcin : 

0-2716  gave  02350  AgBr.     Br  =  36  81. 

CgHjjOjBr  requires  Br  =  36*53  per  cent. 

The  amount  produced  was  4*2  grams,  corresponding  to  2*7  grams  of 
dimethyldihydroresorcin. 

The  filtrate  from  the  solid  was  worked  up  in  the  usual  way,  when 
2  grams  of  a  substance  were  obtained  crystallising  from  light  petroleum 
in  fern  like  aggregates  melting  at  105*5 — 106°,  and  consbting  of 
tribromoketodimethyltetrahydrobenzene  (see  p.  124). 

0-1686  gave  01642  CO,  and  00398  H,0.     0-26*56  ;  H-262. 
0-2010    „    0-3140  AgBr.     Br-66-46. 

OgHjOBr,  requires  0-2659;  H- 2*49  ;  Br -66-48  per  cent. 

Expti'iuwU    II. — Twenty-Bve    grams    of    dimethyldihydroresorcin 
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Lnmms  of   phosphorua  peDUbromiilo  (1    tuul.),  and   150 

'.  aform  were  heated  for  three  and  a   lialf  houni,  and 

^     1  the  uatial  manner.     The  roRidue  did   not  solidify 

and  waA  therefore  distilled  under  26  mm.  premure  when  the  following 

f^  .  ■•         ...       •  ■  .•■.  '. 

it' — .^O'  —  i  grama;   l.'>0  —  lo'»    ^3*8  grams 
160— 175°- 12-5°  grams. 

Ti.  <) — 140^  consisted  of  bromoketodimethyltetrahydro- 

It   had  about  the  same  boiliug  point,  the  same 
«  ir  of  peppermint,  gave  a  semi&irbazono  crystallising 

from  alcohol  in  small,  glistening  scales  melting  at  190°,  and  was  con- 
verted into  dimethyldihydroresorcin  hydrobromide  (m.  p.  168 — 169*)  on 
allowing  it  to  stand  in  contact  with  a  saturated  solution  of  hydrogen 
}>romide  in  glacial  acetic  acid. 

The /roc<i<m  160 — 175°  solidified  partially  on  standing.  The  separated 
>olid  after  crystallisation  from  light  petroleum  melted  at  60 — 72°,  but 
the  amount  was  too  small  to  permit  of  a  substance  of  definite  melting 
point  being  separated  by  fractional  crystallisation. 

The  liquid  from  these  crystals  did  not  solidify  on  standing,  and  on 
treatment  with  bromine  was  completely  converted  into  the  tribromo* 
xylenol  melting  at  176— 1775°  (p.  128).  The  fractions  140—150° 
and  150 — 160°  consisted  of  a  mixture  of  the  constituents  of  the  frac- 
tions of  lower  and  higher  boiling  point. 

Experiment  III. — Thirty  grams  of  dimethyldihydroresorcin  (1  mol.), 
1 85  grams  of  phosphorus  pentabromide  (2  mols.),  and  150  grams  of 
dry  chloroform  were  heated  for  threcHjuarters  of  an  hour  and  then 
worked  up  as  described  in  experiment  I  (p.  126).  The  amount  of 
bromodimethyldihydroresorcin  obtained  was  23  grams,  corresponding 
^to  15  grams  of  dimethyldihydroresorcin. 

The-  residual  liquid  was  distilled  in  a   vacuum,    when   hydrogen 

>mide  was  evolved ;  under  23  mm.  pressure,  the  whole  passed  over 

»tween  175° and  186°  (19  grams),  and,  on  standing,  a  solid  (4  grams) 
(filtrate  — A),  which  was  crystallised  from  dilute  alcohol  and 
'analysed: 

0-1632  gave  0-2056  CO.  and  0045:i  lUu.     .  -,.  .;5;   H-307. 
01168     „     01586  AgBr.     Br»57-77. 

CjHgOBr,  requires  C«34-29;  H-2-86  ;  Br-5714  per  cent. 

This  dibromoxyUnol,  C^IiMe^Brg-OH,  of  which  the  constitution  is 
it  present  uncertain,  is  insoluble  in  sodium  carbonate  solution,  but 
lily  soluble  in  cold   potassium   hydroxide,   chloroform,    benzene, 

»tone,  or  ether,  and  crystallises  from  slightly  diluted  alcohol  in  long, 
(listening  needles  melting  at  96*5°.     When  treated  with  bromine  in 
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chloroform  solution,  a  tribromoxylenol  melting  at  182 — 183°  is 
obtained  (see  below). 

The  Jilirate  A,  on  treatment  with  bromine,  was  completely  con- 
verted into  the  tribromoxylenol  melting  at  176 — 1775°  (see  below). 

Kxjyeriment  IV. — The  same  amounts  of  materials  were  employed  a- 
in  Experiment  III,  but  the  heating  was  continued  for  three  and  :i 
half  hours.  No  bromodimethyldihydroresorcin  was  obtained,  and  the 
residual  liquid  gave  the  following  fractions  when  distilled  under 
28  mm.  pressure  : 

130— 170°=3  grams;    170— 180'^  =  3  grams;    180— 193° -5  grams  ; 
193— 197°  =  20-3  grams. 

The  fraction  193—197°  solidified  partially  on  standing.  The 
separated  solid  (filtrate  =  A)  was  purified  by  fractional  crystallisation 
from  light  petroleum  (b.  p.  40 — 60°)  and  the  least  soluble  portion 
melting  at  84°  analysed  : 

0-1505  gave  0-2632  COj  and^O'0608  HgO.     0  =  47*69;  H  =  4-49. 
0-2008     „     0-1902  Ag Br.    'Br  =  40-30. 

CgHgOBr  requires  C  =  47-76  ;  H  =  448 ;  Br  =  39-80  per  cent. 

This  monobromoxylenol,  CgHoMeoBr'OH,  is  readily  soluble  in  pot- 
assium hydroxide  solution,  alcohol,  benzene,  acetone,  or  chloroform, 
but  insoluble  in  sodium  carbonate,  and  crystallises  from  light 
petroleum  or  formic  acid  in  radiating  clusters  of  long,  white,  glisten- 
ing needles  melting  at  83-5 — 84°.  "When  treated  with  bromine,  it  is 
converted  into  a  tribromoxylenol  melting  at  182 — 183°,  which  may  be 
identical  with  the  tribromo-derivative  of  3  o-xylenol  melting  at  184°. 

The  solid  remaining  after  the  separation  of  the  monobromoxylenol 
melted  between  62°  and  70°  and  probably  consisted  of  a  mixture  of 
mono-  and  dibromo-xylenol  (m.  p.  84°  and  96-5°),  as  a  small  quantity 
of  the  latter  was  separated,  and  on  treatment  with  bromine  the  tri- 
bromo-derivntive  melting  at  182 — 183°  was  obtained. 

The  filtrate  A  was  treated  with  bromine  in  chloroform  solution, 
when  the  bromine  was  rapidly  absorbed  and  torrents  of  hydrogen 
bromide  eliminated,  the  whole  becoming  semi-solid.  The  chloroform 
was  evaporated,  the  residue  spread  on  porous-  plate,  purified  by  crys- 
tallisation from  light  petroleum,  and  analysed  : 

0-1630  gave  01616  COg  and  00322  H,0.     C-2704;  H-2-26. 
0-2302     „     0-3628  AgBr.     Br -6702. 

CgHyOBrj  requires  C  «  26*74  ;  H  - 1*95  ;  Br  «  66*85  per  cent. 

This  trihromoxyltfiol  is  insoluble  in  sodium  carbonate  but  readily 
soluble  in  cold  potassium  hydroxide,  ether,  chloroform,  aoetone,  or 
benzene,  and  crystallises  from  light  petroleum  (60—80°)  or  alcohol  in 
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long  iUImd  D6fdle8  m«lltiig  at  176 — 177*5^  The  action  of  phonphnnm 
pMUbroiiiide  on  this  subttance  was  tried  in  the  hope  of  obtaining  a 
tetrabromoxylene  of  known  constituti6n,  but  at  a  temperature  of 
180^,  the  tribromoxjlenol  is  only  very  slightly  acted  on. 

The  /ration  130 — 170^  contained  bromoketodimethyUetrahydro- 
bement,  and  the/ra<:lib>i«  170—193^  on  treatment  with  bromine  gave 
n  r^nsiderable  quantity  of  the  tribromoxylenol  melting  at  176 — 177*5°. 

The  anthors  desire  to  express  their  thanks  to  the  Research  Fund 
Committee  of  the  Chemical  Society  for  a  grant  which  has,  in  part, 
defrayed  the  expenses  of  this  investigation. 

Cbkxical  LaaOBATORT, 

St.  Thomas's  Hospital,  S.E. 


XI. — A  Reaction  of  some  Phenolic  Colouring  Matters. 

Part   11. 

By  Artuub  Qborge  Pbbkin,  F.R.S.E.,and  Charles  Richard  Wilson, 

B.Sc. 

Cbstaot  phenolic  dye-stuffs  are  known  to  decompose  potassium 
acetate  in  the  presence  of  alcohol  with  the  formation  of  mono- 
substituted  salts  (Trans.,  1899,  75,  433).  The  present  work  was 
undertaken  with  the  object  of  determining  whether  all  dye-stuffs  of 
the  mordant  class  react  in  this  manner,  and  with  the  hope  of  gaining 
a  clearer  insight  into  the  nature  of  this  reaction.  As  a  result, 
numerous  typical  compounds  of  this  class  have  now  been  examined, 
of  which  possess  this  property,  or  yield  additive  products  with 
acetate.  Of  the  colouring  matters  studied,  the  majority  have  been 
from  natural  sources  or  from  such  commercial  preparations 
available. 

GcUlacetophenone. 

was  previously  stated    (loe,    cU.)   that   with  potassium  acetate 

1:2: 3-trihydroxyacetophenone  gave  a  colourless  salt,   but  the 

lysLs  of  distinct  preparations  were  not  concordant.     Analyses  of 

Incts   obtained    in   subsequent   experiments    gave  percentages  of 

inm  ranging  from  1%'79  to  13*09,  numbers  which  are  not  in 

ly  with  those  required  for  a  pure  salt.     It  was  eventually  found 

two  distinct  salts  are  produced  together  in  this  manner  unless 

aal  precautions  are  taken. 
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Monopotassium  Gallacetophenone. — Two  grams  of  gallacetophenone 
dissolved  in  20  c.c.  of  absolute  alcohol  were  rapidly  treated  at  the 
boiling  point  with  20  c.c.  of- a  saturated  solution  of  potassium  acetate 
in  absolute  alcohol,  and  the  fine,  yellow,  crystalline  precipitate 
which  formed  was  collected  while  hot,  washed  with  absolute  alcohol, 
and  dried  at  100°.  The  air-dried  substance  does  not  lose  water  of 
crystallisation  at  100°: 

0-5194,  heated  at  160°,  lost  0-0435  HgO.     H^O^ 8*37. 
0-5187  „         „  0-0415  HgO.     H2O  =  800. 

0-4772,  dried  at  160°  gave  0-2012  K^SO^.     K=  1889. 
0-4759  „         „  0-1979  KgSO^.     K=18-64. 

Q^^O^K,Yif>  requires  Hod  =  8-03  per  cent. 

CgHyO^K  „        K- 18-92 

It  forms  pale  yellow,  glistening  needles,  and  is  sparingly  soluble  in 
boiling  alcohol,  but  dissolves  somewhat  readily  in  boiling  water. 
From  the  aqueous  solution,  it  crystallises  out  unchanged  on  cooling, 
and  in  this  respect  resembles  the  corresponding  alizarin  salt,  but 
differs  from  those  of  morin,  quercetin,  <fec.,  which  are  decomposed  by 
boiling  water. 

Nencki  and  Sieber  (J.  pr.  Chem.y  1881,  [ii],  23,  546)  obtained  from 
gallacetophenone,  by  means  of  alcoholic  potash,  a  salt,  CgHgO^.KHO. 
An  examination  of  this  compound  showed  it  to  be  identical  with  that 
produced  by  potassium  acetate : 

Found,    HaO-7-97,    774,    and   in    salt  dried  at   160°,   K«18-79, 

18' 74  per  cent. 

Barium  Salt. — This  is  readily  prepared  by  adding  barium  chloride 
to  a  hot  aqueous  solution  of  the  potassium  compound.  It  consists  of 
pale  yellow  needles,  sparingly  soluble  in  water  : 

Found  (nalt  dried  at  160°),  H20  =  6-58.     Ba  =  28-90. 
CjgHj^OgBa  requires  Ba  =  29*16  per  cent. 

Monosodiutn  gallacetophenone  can  be  prepared  in  a  similar  way  to  the 
potassium  salt  by  employing  either  (a)  alcoholic  sodium  acetate,  or  (h) 
alcoholic  soda.     When  dried  at  160°,  it  loses  1  mol.  of  water  of  crys 
talli»ation : 

(a)  Found,  H,0-8-67,  8-53.  Na,  in  salt  dried  at  160°=1203,  12-ir> 
OgH^O^NajHjO  requires  H,0-   8  65  percent. 
CgHyO^Na  „       Na    -1210        „ 

It  forms  a  pale  yellow,  crystalline  powder  consisting  of  minute 
leaflets,  and  is  not  decomposed  by  boiling  water.  From  its  aqueous 
solution,  on  slow  cooling,  it  is  deposited  in  the  form  of  cubes  re- 
sembling the  crystals  of  cane  sugar. 
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Pofatmum  DrigmUaotiophtnanii, — If  alooholio  potauium  Aceut«  in 
added  drop  bj  drop  to  a  boiling  saturated  lolution  of  gallacetophenone 
ID  iba  same  aolvent,  tbe  mixtara  beoomM  Mmi-solid  owing  to  tbe  Mpar- 
atioD  of  oolourlaat  needles ;  these  were  ool looted  on  the  pump  and 
washed  with  aloobol.  The  air-dried  product  does  not  lose  water  of 
erjstallisatioa  at  100®: 

Found,  K - 7-46.  7*29,  and  740. 

0||H|,0,|K  requires  K»7*19  per  cent. 

It  forms  a  glistening  mass  of  flat  needles  or  leaflets  which  can  be 
crystallised  from  water  unchanged,  and  is  not  a  mixture,  as  continued 
washing  with  alcohol  does  not  affect  its  composition. 

The  same  compound  (K  =>7'09  per  cent.)  is  readily  prepared  by  dis- 
cnlving  gallacetophenone  in  a  boiling  aqueous  potassium  acetate  solu- 

m.  Aqueous  sodium  acetate  solution,  however,  does  not  react  with 
galUoetophenone,  the  unaltered  colouring  matter  being  redeposited 
on  cooling. 

By  adding  barium  chloride  to  a  boiling  aqueous  solution  of  the  com- 
pound and  cooling,  a  barium  salt  separated  iu  colourless  needles  which 
were  washed  with  water.  When  air-dried,  it  does  not  lose  water  of 
rystallisation  at  100°: 

Found,  Ba- 12-87  and  13-06. 

C^gH^gOj^Ba  requires  Ba=  12*02  per  cent. 

This  is  slowly  decomposed  at  160°,  some  gallacetophenone  subliming. 
JieihyUuion  of  Jfonopotasnum  Gallacetophenone. — When  suspended 
in  boiling  methyl  alcohol,  this  salt  was  slowly  attacked  by  me^yl  iodide, 
clear  solution  usually  resulting  after  digestion  for  6  hours.     The 
of  iodide  and  alcohol  was  now  removed,  the  residue  extracted 
ether,  and  the  ethereal  liquid  evaporated.     Tbe  crystalline  pro- 
consisted   of   the    required   ether  contaminated  with  colouring 
r,  and  the  latter  was  removed,  in  the  form  of  an  insoluble  lead 
by  adding  lead  acetate  to  a  boiling  aqueous  solution  of  the  mix- 
By  decomposing  the  pale  yellow  precipitate  with  sulphuric  acid, 
>ying  the  lead  sulphate  by  decantation,  and  extracting  the  clear 
with  ether,  this  colouring  matter  was  recognised  as  gallaceto- 
mone  by  means  of  its  melting  point,  166 — 168°,  and  other  teste, 
filtrate  from  the  lead  precipitate  deposited,  on  cooling,  long  needles 
the  methyl    ether,  which,  after    recrystallisation    from    benzene, 
Ited  at  132—133°  : 


r 


01003  gave  02177  CO,  and  00475  H,0.     C-5919  ;  H-5-26. 
01008     „     01313  Agl.     CH3  =  8-31. 

C9H10O4  requires  0  =  5934;  H  -  5*49  ;  CH,  -  8-24  per  cent. 

K  2 
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Gallacetoplienone  monomethjl  etlier,  CH3*0*CgH2(OH)2*CO'CH3,  is 
readily  soluble  in  boiling  water,  and  soluble  in  alkaline  solutions  with 
a  pale  yellow  coloration.  When  crystallised  from  water,  it  is  colour- 
less, and  contains  1  mol.  of  water  of  crystallisation  (found 
H20  =  8*95);  this  is  removed  at  100°,  and  the  substance  has  then 
a  pale  yellow  colour. 

It  does  not  dye  mordanted  calico,  gives  no  precipitate  with  aqueous 
lead  acetate,  and  no  coloration  with  ferric  chloride  ;  with  alcoholic  lead 
acetate,  however,  a  gelatinous  precipitate  is  formed  which  is  readily 
soluble  in  water.  When  prepared  in  the  above  manner,  the  yield  is 
exceedingly  poor,  and  is  never  more  than  10  per  cent,  of  the  calculated 
quantity. 

The  acetyl  derivative,  CH3'0'CgH2(0-C2H30)2-CO'CH3,  prepared  in 
the  usual  manner,  crystallised  from  alcohol  in  colourless,  prismatic 
needles  melting  at  146  —148"  : 

0-1125  gave  02415  CO2  and  0-0555  YLfi.  C  =  58-54;  H  =  5-48. 
CjgHj^Og  requires  0  =  58*64  ;  H  =  5-26  per  cent. 

To  be  certain  that  this  was  the  diacetyl  derivative,  it  was  decom- 
posed with  boiling  sodium  carbonate  solution,  and  the  product  of  the 
reaction  identified  as  the  gallacetophenone  monomethyl  ether.  This 
WAS  necessary  owing  to  the  behaviour  of  resacetophenone  on  acetyla- 
tion,  which  forms  acetoxyacetyl-^-methylchromone  in  this  manner, 
although  more  prolonged  digestion  is  required  (Kostanecki  and  R6zycki, 
Ber.y  1901,34,  102). 

By  similar  methods,  a  gallacetophenone  monoethyl  ether  was  prepared 
from  the  monopotassium  salt;  it  crystallised  in  pale  yellow  needle 
melting  at  102°. 

GcdlacetopfienoTM  Dimethyl  Ether yQfi(f).2{0*0)l^^. — An  earlier  experi- 
ment showed  (Trans.,  1895,  67,  997)  that  on  methylation  gallaceto- 
phenone gave  a  dimethyl  ether  exclusively,  and  consequently  con- 
tained only  one  hydroxyl  group  in  the  ortho-position  relatively  to  the 
carbonyl  group.     Further  investigation  showed  that  this  was  the  case, 

0-CH, 

and  doubtless  this  substance  has  the  constitution  CHjOf   ^OH 

I      'CO-CH 

It  formed  colourless  prisms  melting  at  77 — 78°  : 
01026  gave  02292  COj  and  00584  HjO.     C- 60*92;  H  =  6-32. 
01320    „    0-3104  Agl.     CH,-1500. 
CjoH^O^  requires  C- 61 -22;  H-612;  CH,- 1530  percent. 

To  determine  if  gallacetophenone  monomethyl  ether  gave  the  same 
dimethyl  ether  ou  further  methylation,  0*8  gram,  dissolved  in  a 
solution  of  0*4  gram  of  potassium  hydroxide,  was  heated  in  methyl 
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alcohol  with  exceM  of  methyl  iodide  at  100°  in  a  sealed  tube  for 
5  hour«.  The  main  product  of  the  reaction  crystallieed  in  coIourleM 
prisms  melting  at  77  -78^  aiul  wius  identical  with  gallaoetophenone 
dimethyl  ether. 

It  was  thus  evident  th  ^   i:roup  in  this  monomethyl 

ether  must  exist  in  the  m  i  r  i  u  >  ^losition  relatively  to  the 
carbonyl  group,  but,  unfortunately,  all  attempts  to  solve  thin  point 
have  been  unsucoessful  at  present.  It  seemed  possible,  for  instance, 
that  a  monoether  of  pyrogallol  could  be  converted  into  a  gallaceto- 
phonone  ether,  which  might  be  identical  or  otherwise  with  that 
prepared  from  gallacetopheoone  itself ;  and,  on  the  other  hand,  could 
the  pyrogallol  ether  be  converted  by  means  of  phthalic  anhydride 
into  an  anthragallol  compound,  the  position  of  the  methoxy-group 
would  probably  be  ascertained  by  the  absence  of  dyeing  property  or 
otherwise.  Such  experiments  as  were  carried  out  resulted  in  the 
elimination  of  the  methyl  or  ethyl  group  as  part  of  the  reaction 
and  were  thus  abortive.  It  has  been  shown,  however,  that  the 
monopotassium  salts  of  alizarin  and  antbragallol  on  methylation 
give  products  containing  the  methoxy-group  in  the  para-position 
relatively  to  one  carbonyl  group,  and  it  is  therefore  likely  that  the 
gallaoetophenone  ether  is  similarly  constituted. 

During  this  work,  some  quantity  of  a  pyrogallol  monoetbyl  ether, 
C0H3(OH)2*O*CjH^  was  prepared  by  digesting  a  mixture  of  30  parts  of 
pyrogallol,  15  parts  of  potassium  hydroxide,  60  parts  of  ethyl  iodide, 
and  300  parts  of  alcohol  at  the  boiling  point.  The  product  soluble  in 
alkali  was  distilled,  the  distillate  dissolved  in  benzene,  and  the 
crystals  which  separated  on  standing  purified  by  recrystallisation 
from  the  same  solvent.  This  substance  melted  at  102 — 104°  and 
is  most  probably  identical  with  that  described  by  fienedikt  {Ber.f 
1876,  9,  125),  which  was  prepared  by  digesting  pyrogallol  with 
alcoholic  potash  and  potassium  ethylsulphate,  and  melted  at  95"^ : 

01286  gave  02924  CO,  and  00670  H,0.     C  -  6200  ;  H  -  6-79. 
01890     „     0-2844  Agl.     Et=  18-57. 

CgHjoOj  requires  C-62  33  ;  H=:6-49  j  Et -18-83  per  cent. 


EUagic  Acid, 

This  yellow  colouring  matter  is  obtained    from   numerous  tannin 

latters,  as  valonia,  myrabolans,  agarobilU,  dec.,  being  derived  from 

ellagitannic  acid  which  is  present  in  these  substances.      It  can  be 

artificially  by  the  action  of  alkalis  on  ethyl  gallate  (Ernst 

id    Zwenger,    AnnaleUy    1871,    160,    32),    and    is   most  probably  a 

luorene  derivative.     Owing  to  its  sparing  solubility  in  boiling  alcohol, 
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it  is  not  readily  attacked  by  potassium  acetate,  and  recourse  was  there- 
fore had  to  its  acetyl  compound,  which,  although  also  sparingly 
soluble,  is  more  'suitable  for  the  purpose.  This  substance,*  on 
digestion^with  boiling  alcoholic  potassium  acetate,  slowly  becomes  pale 
yellow  without  apparent  solution,  and  to  ensure  complete  con- 
version into  the  potassium  salt  it  is  necessary  to  heat  for  about 
four  hours.  The  product  was  collected,  washed  with  alcohol,  and  dried 
at  160°; 

Found,  K  =  1 1  -48,  10-98.     Cj^HjOgK  requires  K  =  11  -47  per  cent. 

This  compound  consisted  of  minute,  lemon-yellow  needles,  in- 
soluble in  cold  alcohol.  When  submitted  to  the  further  action  of 
boiling  alcoholic  potassium  acetate  for  about  two  days,  it  is  gradually 
transformed  into  a  second  salt  without  any  appreciable  change  in  its 
appearance : 

Found,  K  =  20-19.     C^^Ufi^K^  requires  K  =  2063  per  cent. 

Thus  obtained,  the  dipotassium  salt  of  ellagic  acid  forms  pale  yellow, 
microscopic  needles  insoluble  in  alcohol. 

By  dissolving  ellagic  acid  in  sodium  hydroxide  solution  and  passing 
carbon  dioxide  through  the  liquid,  Wohler  and  Merklein  {Annalen^  1845, 
66,  129)  obtained  a  salt,  Cj^H^OgNag.HgO,  and  Ernst  and  Zwenger 
(Aimalen,  1871,  159,  32)  prepared  the  salt  Ci^H508Na,HjO  by  the 
action  of  sodium  carbonate  on  ethyl  gallate. 

Daphnetin. 

Daphnetin,  a  dihydroxycoumarin  contained  in  the  form  of  its 
glucoside,  daphnin,  in  the  bark  of  Daphne  alpina  and  prepared  syn- 
thetically (Pechmann,  Ber.,  1884,  17,  1934)  by  the  action  of  sulphuric 
acid  on  a  mixture  of  pyrogallol  and  malic  acid,  is  a  moderately  strong 
colouring  matter,  and  gives  the  following  shades  with  mordanted 
woollen  cloth ; 

Chromium.  Aluminium.  Tin.  Iron. 

Olive-yellow.       Pale  olive-yellow.       Very  pale  yellow.       Olive-black. 

Addition  of  potassium  acetate  to  a  boiling  alcoholic  solution  of 
daphnetin  caused  the  separation  of  a  crystalline  precipitate,  which 
was  collected,  washed  with  alcohol,  and  dried  at  160° : 

Found,  K-1403,  1413,  14-10,  14-36. 

CjHjO^^CjHgOjK  requires  K-UIS  per  cent 

•  According  to  Schiff  {AnnaUHf  1878,  107,  79),  acetylellagic  acid  is  a  yellow, 
crystalline  powder,  whereas  the  compound  we  obtained  by  moans  of  acetic  anhydrida     j 
and  sodium  aceUtu  crystallised  in  small,  colourless  needles.    This  point  is  con 
Mqaently  undergoing  further  investigation. 


FIIRKOUC  COLOURING   MATTRRS.      PART   II.  135 

Bj  daoompotitioii  with  acid,  it  yielded  63*59  per  cent  of  daphneUD, 
wli#r«M  ihmrj  rvquirM  6449  per  cent.  It  was  obUined  in  the  form 
of  pale  yellow  needint,  decomposed  by  boiling  water  with  separation 
of  daphnetin. 

Mom0pQias9*utn  ifajtnnetm, — When  alcoholic  potash  is  added  drop  by 
drop  to  a  boiling  alcoholic  solution  of  daphnetin,  the  orange-red 
coloration  thus  produced  ia  not  at  first  permanent,  but  quickly  disap- 
pears. The  pale  yellow,  crystalline  precipitate  formed  at  this  stage 
was  ooUected,  washed  with  alcohol,  and  dried  at  160'' : 

Found,  K  -  9-93.     CuHijOgK  requires  K  -  990  per  cent. 

It  oonsisted  of  pale  yellow,  prismatic  needles,  soluble,  with  decom- 
position, ill  boiling  water,  from  which  crystals  of  daphnetin  were 
deposited  on  cooling. 

If  the  addition  of  alcoholic  potash  is  continued  until  the  orange-red 
coloration  is  permanent,  a  precipitate  of  minute,  garnet-red,  prismatic 
needles  then  separated : 

Found,  K  - 18-07.     CjHjO^K  requires  K  =- 1 805  per  cent. 

Monopotassium  daphnetin  is  soluble  in  cold  water,  forming  an 
orange-yellow  liquid,  which  is  not  decomposed  at  the  boiling  point. 
The  barium  salt  is  obtained  as  a  dull  orange  precipitate  when  barium 
chloride  is  added  to  this  solution. 

Flawme  Group, 

In  the  previous  communication  (loc.  eit.)f  it  was  pointed  out 
that  with  the  exception  of  morin  those  colouring  matters  of  the  flavone 
group  which  reacted  with  potassium  acetate  to  form  sparingly  soluble 
monopotassium  salts  possesed  two  hydrozyl  radicles  in  the  ortho- 
position  relatively  to  one  another.  The  description  in  subsequent  papers 
of  the  salts  of  gossypetin,CijHj^OgK,  myricetin,Ci5HgOgK,quercetagetin, 
C^^UjOgK,  and  luteolin,  CjjHjO^jK,  was  in  [harmony  with  this  deduc- 
m,  but  on  the  other  hand,  kampherol,  which  gives  ^the  salt  C^fififi^ 
>ved  a  second  exception  to  the  rule.  It  was  therefore  desirable  to 
le  in  this  respect  the  colouring  matters  kampheride  (kampherol 
lethyl  ether)  and  galangin,  and  although  the  work  has  been 
by  the  small  amounts  of  these  rare  colouring  matters 
kvailable,  the  results  have  been  sufficiently  good  for  the  present 
rpoee.  « 

MonopoUutium  galangin  is  usually  obtained  as  a   bright  yellow, 
lorphous  precipitate,  but  by  employing  a  somewhat  dilute  solution 
kd  cautiously    adding,   the   acetate    is   then   deposited   in    minute 
lies: 
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Found,  K=x  11.67,  11-67,  11-24  percent. 

Ci5Ha06K,H20  requires  K*  11-96  per  cent. 

Monopotaasium  kampheride  is  a  bright  yellow  salt : 

Found,  K  =  10-87.     CigHuOflKjlip  requires  K  =  10-95  per  cent. 

In  both  cases,  these  salts  are  decomposed  by  boiling  water  with 
regeneration  of  the  colouring  matter. 

oh/V^c (~\ 

Gdlangin  monormthyl  ethevy        '       Jv     /C'O'CH       —     »  ^^  ^^^^  ^® 

OH  CO 
observed,  is  constituted,  as  regards  the  free  hydroxy  I  groups  which  it 
contains,  in  an  analogous  manner  to  chrysin  (he.  cit.).     As  was  to  be 
anticipated,  therefore,  it  gave  no  sparingly  soluble  salt  by  this  method. 

It  is  worthy  of  mention  that  the  above  three  colouring 
matters  in  the  presence  of  acetic  acid  yield  crystalline,  yellow  com- 
pounds with  mineral  acids  which  are  readily  decomposed  by  water. 
Galangin  monomethyl  ether,  however,  resembles  rhamnetin  (Trans., 
1895,  67,  650)  in  this  respect,  for  the  sulphuric  acid  compound  only 
could  be  produced,  and  this  with  diflficulty. 

In  the  former  communication,  the  salt  CggHgaOj^K  was  prepared 
from  rhamnetin*  by  treating  an  alcoholic  solution  of  this  substance 
with  potassium  acetate.  It  has  now  been  found  that  on  decomposing 
acetylrhamnetin  in  alcoholic  solution  with  potassium  acetate,  the  salt 
CjgHjjO^K  is  produced  in  the  form  of  orange-yellow  needles,  which  are 
readily  decomposed  by  boiling  water  : 

Found,  K«  11-07.     CioHuO^K  requires  K- 11*01  per  cent. 

With  the  flavone  derivatives  at  present  examined  containing  con- 
tiguous hydroxyl  groups,  it  may  be  noticed  that  in  no  case  have  these 
radicles  been  situated  in  the  pheno-y-pyrone  nucleus.  Such  compounds 
have  not  as  yet  been  isolated  from  natural  sources,  and  their  prepara- 
tion synthetically  is  somewhat  difficult.  A  closely  allied  class  of 
colouring  matters  derived  from  benzylidenecoumarone, 

has  been  synthetically  prepared  by  Friedlander  and  RUdt  (Ber.^  1896, 
29,  878)  by  the  interaction  of  o-hydroxyaromatic  ketones  which  have 
been  chlorinated  in  the  side  chain  and  aromatic  aldehydes.     Thus 

*  Since  the  previous  commanication,  the  poaition  of  the  inethoxy-group  in  rh&in- 
netin  hat  been  determinod  (Trans.,  1902,  81,  469),  and  consequently  the  inflaenoe 
this  was  suggested  to  boar  u^wn  its  salt-forming  property  requires  modification. 
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oblorogaUAMlophenone  aud  bentaldehyde  yield  di hydroxy beDiylideoe- 
OU 

ooumMOH6,^^Y    0:CH-/~\ 

CO 
A  concentrated  alcoholic  solution  of  this  colouring  matter,  on  treat- 
ment with  alcoholic  potassium  acetate  at  the  boiling  point,  at  onoe 
deposited  a  salt  crystallising  in  orange-yellow  needles  which  were 
collected  and  washed  with  alcohol.  Thus  prepared,  it  appeared  to 
contain  alcohol  of  crystallisation,  for  on  heating  at  100°  for  two  days 
it  became  orange-red  and  lost  11*54  per  cent,  in  weight. 

Found,  K  -  1 1  -60.     CjsHiqO^-CjHjOjK  requires  K  » 1 1  08  per  cent. 

It  thus  appeared  to  be  a  compound  of  the  colouring  matter 
with  potassium  acetate  analogous  to  those  given  by  daphnetin  and 
hesperitin  (loe*  cit).  A  monopotassium  salt  would  require  K  =  13*37 
per  cent.,  but  even  after  drying  at  160°  for  three  days,  which  caused  the 
substance  to  become  dark  coloured  and  probably  partially  decomposed, 
it  then  contained  no  more  than  12*24  per  cent,  of  potassium. 

For  the  sake  of  comparison,  it  was  now  of  interest  to  study  a  colour- 
ing matter  of  this  group  containing  only  two  free  hydrogen  groups 
in  the  benzylidene  nucleus,  and  in  the  ortho-position  relatively  to  one 
another.  Such  a  compound  has  already  been  prepared,  but  from  the 
materials  which  were  available  it  was  more  convenient  to  construct  a 

I  colouring  matter  having  the  constitution 
[  CH, 

! 


^»*^aY   c:ch-/b\)h, 


CO 

^hich  would  answer  the  purpose  equally  well. 

CH,-0      O 

DimtUwt^tmkydroglycogallol,  ^^^'^\       J      CH,.— Five    grams   of 


CO 

chlorogallacetophenone  dissolved  in  methyl  alcohol  were  treated  with 
of  methyl  iodide  and  the  mixture  digested  at  the  boiling  point 
two  days  with  a  solution  of  6  grams  of  potassium  hydroxide 
methyl  alcohol  added  drop  by  drop.  It  is  necessary  that  the  alkali 
added  very  gradually,  otherwise  the  result  is  not  satisfactory.  That 
>rtion  of  the  product  insoluble  in  a^jueous  potassium  hydroxide  was 
>urified  by  crystallisation  from  alcohol,  from  which  it  separated  in 
mg,  glistening,  pale  yellow  needles  melting  at  122°: 
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01101  gave  0-2495  COj  and  OOSlSHgO.     O«61-80;  H  =  5-21. 
CioHjoO^  requires  C-61'85  ;  H«  5*  15  per  cent. 

Molecular  proportions  of  this  substance  and  protocatechuic  aldehyde 
were  dissolved  in  boiling  alcohol,  a  small  quantity  of  aqueous  hydro- 
chloric acid  was  added,  and  the  digestion  continued  for  about  half-an- 
hour*  On  addition  of  hot  water  and  cooling,  orange-red  needles 
separated  which  were  collected,  washed  with  a  little  ether,  and  puri- 
fied by  crystallisation  from  dilute  alcohol : 

0-1138  gave  0*2712  CO2  and  00463  Kfi.     0  =  64-99  ;  H  =  4-52. 
Cj7Hj^0g  requires  0  =  6496  ;  H  =  4-46  per  cent. 

This  colouring  matter  evidently  has  the  constitution  given  above. 
When  pure,  it  has  an  orange  colour,  and  resembles  in  its  reactions  the 
colouring  matters  of  this  group,  previously  described  by  Friedlander 
(loc.  cit.). 

Addition  of  potassium  acetate  to  its  solution  in  boiling  alcohol 
causes  the  production  of  a  deep  orange-red  coloration,  and,  on  cooling, 
the  monopotassium  salt  separates  in  the  form  of  a  granular  precipi- 
tate. This  was  collected  and  washed  with  cold  alcohol,  in  which  it  is 
somewhat  soluble  : 

Found,  K  =  11-16.     CiyHigOgK  requires  K  =  11-08  per  cent. 

It  is  thus  evident,  as  regards  these  colouring  matters,  that  from  the 
presence  of  contiguous  hydroxyl  groups  in  the  nuclei  A  or  B,  the 
formation  of  a  monopotassium  salt  in  this  manner  can  be  anticipated, 
and  it  is  reasonable  to  suppose  that  analogous  compounds  of  the  closely 
allied  flavone  group  will  possess  a  similar  property.  It  is  probable, 
however,  that  the  position  of  these  contiguous  hydroxyl  groups  in  the 
various  nuclei  may  have  an  important  bearing  upon  this  reaction. 
Unfortunately,  however,  this  point  could  not  be  elucidated,  for  no 
colouring  matters  of  this  description  have  hitherto  been  synthetically 
prepared. 

Canninic  Acid. 

According  to  the  latest  researches,  carminic  acid,  the  colouring  matter 
of  cochineal,  is  probably  a  hydrindene  derivative  (Liebermann,  Ber.^ 
1898,  31,  2079).  Various  salts  of  this  substance  have  been  described, 
and  those  obtained  by  lllasiwetz  and  Grabowski  {AnnaUtit  1867,  141, 
335)  are  most  worthy  of  mention.  By  means  of  alcoholic  potash, 
these  chemists  obtained  the  salt  Oi^HioO^E,  and  from  this  the  barium 
and  calcium  compounds  were  prepared  by  double  decomposition. 

The  material  employed  by  us  was  purchased  from  Kahlbaum  ;  a 
portion  was  recrystallised,  but  this,  it  subsequently  appeared,  was  un- 
necessary. 


PlIKNOUC  COLOURINO   MATTBR8.      PART  II.  ISO 

HUk»iw«U  «ni!  Grmbowski  (toe,  eU,)  meDiion  that  when  alooholio 
poteah  ia  tlowljr  added  to  an  alcoholic  solution  of  carmiuic  acid  a  rod 
pradpitato  ia  first  formed,  which  changes  to  violet  on  the  addition  of 
more  alkali  It  was  found  that  potassium  acetate  behaves  similarly. 
The  violet  or  purplish-coloured  precipitate  produced  by  employing  ex- 
cels of  the  reagent  was  collected  on  filter  paper,  washed  several  times 
with  boiling  alcohol,  drained  by  means  of  the  pump,  and  again 
two  or  three  times  with  alcohol  and  dried  at  160^ : 


Found,  K-H  26,  14*29.     CjjUnO^K  requires  K-  U  03  per  cent. 

Momopoia$iium  carminaU  is  soluble  in  boiling  water  (with  a  violet- 
red  coloration)  without  apparent  decomposition,  and  resembles,  in 
this  respect,  the  corresponding  salts  of  the  aothraquinone  colouriog 
matters.  The  barium  palt,  prepared  from  this  in  the  usual  manner, 
is  a  violet-black  powder  almost  insoluble  in  water  : 

Found,  Ba  -  21*50.     CjjHjPi^Ba  requires  Ba  =»  22*27  per  cent. 

Hlaaiwets  and  Qrabowski's  violet  potassium  salt  was  prepared 
according  to  their  methods,  and  was  evidently  identical  with  that 
obtained  by  means  of  potassium  acetate. 

To  obtain  some  insight  into  the  composition  of  the  red  salt,  a  small 
quantity  was  prepared  by  adding  the  acetate  drop  by  drop  to  a  boiling 
alcoholic  solution  of  carminic  acid  so  long  as  the  red  precipitate  thus 
produced  showed  no  violet  tinge.  The  product  was  collected,  washed 
with  boiling  alcohol,  and  dried  at  160°: 

Found,  K  =  7.     C^^HjjOjjK  requires  K  =  7  02  per  cent. 


it  formed  a  scarlet  powder,  almost  indistinguishable  from  carminic 
acid    itself,  but   was   insoluble   in   cold  alcohol,   although   dissolving 
easily  in  water  to  a  red  liquid      It  is   probably   a  monopotassium 
•alt  of  a  double  molecule  of  carminic  acid,  but  this  is   not  certain,  as 
molecular  weight  of  this  colouring  matter  may  possibly  be  re- 

ted  as  (C,iH„0,V 
A  Bodium  salt.Cf^HjjOj^Na,  may  be  prepared  in  a  similar  manner  to 
the  potassium  compound,  and  is  a  scarlet,  amorphous  powder : 


easily 
^•altof 
^be  m 
^^^Bfeeen 


Found,  Na  «  4*63.     C^jH^sOi^Na  requires  Na  —  4*58  per  cent. 

StyroffcUlol. 

This  colouring  matter  is  a  dihydrozyanthracoumario,  and  is  pre- 
by  heating  a  mixture  of  cinnamic  and  gallic  acids  with  sulph- 
ric  acid.  Owing  to  its  sparing  solubility  in  alcohol,  it  was  converted 
ito  its  diacetyl  derivative,  and  this  was  digested  with  boiling  alcoholic 
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potassium  acetate  for  about  two  hours.*  The  substance,  without 
appearing  to  dissolve,  was  gradually  converted  into  a  purplish,  crys- 
talline mass  which  was  collected,  washed  with  alcohol,  and  dried  at 
160°: 

Found,  K  =  12-56,  12-59.     Ci^jHyO^K  requires  K  =  12*26  per  cent. 

Monopotasstum  alyrogcdlol  forms  minute,  purplish-coloured  needles, 
and  is  soluble  in  boiling  water  with  a  red  coloration. 

NaphtJuizarin. 

Ou  adding  potassium  acetate  to  a  boiling  alcoholic  solution  of  pure 
crystallised  naphthazarin,  the  deep  red  liquid  gradually  became  of  a 
brownish-yellow  tint  as  if  a  reduction  had  ensued.  On  standing  for  a 
short  time  with  access  of  air,  the  red  colour  was  restored,  and  a  finely 
divided,  black  precipitate  was  deposited.  This  was  collected  while 
still  hot,  washed  repeatedly  with  boiling  alcohol,  then  transferred  to 
the  filter  pump,  and  again  washed  two  or  three  times  with  alcohol  and 
finally  dried  at  160°  : 

Found,  K  =  809,  8-20,  7-99.  (CioH604)2,C2H802K  requires  8-16  percent. 

This  substance  is  a  purplish-black,  amorphous  powder,  and  is 
sparingly  soluble  in  cold  water,  forming  a  purple  solution. 

Curcumin. 

As  stated  in  the  previous  communication,  curcumin,  the  colouring 
matter  of  turmeric,  on  solution  in  alcohol  and  treatment  with  potass- 
ium acetate,  gives  a  blood-red  coloration  but  no  deposit.  It  has  since 
been  found  that  if  this  solution  be  evaporated,  a  semi-solid,  orange-red 
mass,  consisting  of  fine,  hair-like  needles,  separates.  This  precipitate, 
which  is  somewhat  soluble  in  alcohol,  was  collected,  washed  with  small 
quantities  of  this  solvent,  and  finally  two  or  three  times  with  ether. 
Numerous  preparations  of  this  substance  were  analysed,  but  although 
these  gave  results  sufficiently  accurate  for  the  purpose,  they  did  not 
accord  perfectly  either  among  themselves  or  with  the  latest  molecular 
weight,  OjiH^^O^,  assigned  to  this  substance  by  Ciamician  and  Silber 
{Ber.,  1897,  30,  192).     Dried  at  100°,  it  gave  : 

K-1007,  10-90,9-72,  1021. 

CjjHjgOjK  requires  K  =  9*60  per  cent. 

This  want  of  agreement  may  have  been  due  to  incomplete  washing, 

*  Ry  the  decomposition  of  the  acetyl  derivatiTos  in  this  manner,  ethyl  acetate  Is 
formed,  and  the  reaction  apiwars  to  be  aa  follows : 

t'wH,0»(C,H,0), + C,  H,0,K  +  8EtOH = C,«HyO.K + 8C,H,0,Et + H,0. 
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for  the  opMTAtion  ia  nomewhat  difficult,  owing  to  the  M>luhility  of  the 
tabeUnoe  in  alcohol  and  iu  tendency  to  clot  together.  When  dried 
at  the  ordinary  temperature,  this  salt  has  an  orange-brown  colour, 
which  at  100^  changes  to  a  maroon  tint,  and  at  160^  becomes  darker 
and  partially  resinifies.  Jackson  and  Menke  {Atn$r.  Chem.  J.,  1883. 
4.  77)  dsecnbe  a  salt,  Cj^H^O^K. 

Gali^iH, — The  coDimercial  product  was  acetylated  and  the  acetyl 
deiivative,  after  purification,  digested  with  a  boiling  alcoholic  solution 
of  potasnum  acetate  for  some  hours.  A  potassium  salt  is  thus  obtained 
in  the  form  of  fine,  maroon-coloured,  prismatic  needles  possessing  a 
green  irideaoenoe,  but  unfortunately  its  exact  com  position  has  not  been 
determined.  After  drying  at  100°,  it  slowly  but  steadily  loses  weight 
at  160^,  and  a  further  loss  is  experienced  at  180^  without  apparent 
decomposition.  For  example,  a  specimen  at  100°  contained  13 '8,  at 
160°,  16*7,  and  at  180°,  19*7  per  cent,  of  potassium,  and  similar  results 
were  obtained  from  other  preparations.  A  further  study  of  this  sub- 
stance  will  be  instituted. 

Summart/. 

Tbe  results  of  this  and  the  preceding  investigation  indicate  that  all 
phenolic  colouring  matters  which  possess  strong  tinctorial  properties 
are  capable  of  decomposing  the  alkali  acetates  in  the  way  indicated, 
with  formation  of  sparingly  soluble  salts.  As  a  rule,  mono- 
substituted  salts  are  produced  ;  but  in  some  cases  additive  products  of 
the  colouring  matter  and  alkali  acetate  result.  The  weaker  dyes  of 
this  cla^s,  such  as  apigenin,  cbrysin,  and  vitexin,  give  no  insoluble 
precipitate,  but  as  their  alcoholic  solutions  are  coloured  yellow  by 
addition  of  the  acetate,  it  appears  likely  that  some  unstable  com- 
pound is  thus  formed.  It  was  previously  suggested  that  the  formation 
of  the  mono-substituted  salts  might  be  explained  according  to  the 
quinonoid  theory  of  coloured  compounds,  and  we  are  at  present  inclined  to 
retain  this  view.  An  interesting  point  which  was  referred  to  in  the 
previous  paper,  and  which  has  now  been  accentuated  by  further  work, 
the  fact  that,  in  the  flavone  series,  the  compounds  which  gave 
salts  gave  also  some  well-de6ned  additive  products  with  mineral 
adds.  Tbe  latter  substances,  hitherto  formulated  only  according  to 
the  quinonoid  theory,  are  now  regarded  as  oxonium  derivativee 
(Collie  and  Tickle,  Trans.,  1899,  76,  714 ;  Baeyer  and  Villiger,  Ber., 
1901,  34,  2679).  The ''acid"  and  <' basic"  natures  of  tbe  flavone 
derivatives  as  expressed  by  these  two  reactions  are  so  markedly 
similar  in  each  case  as  to  suggest  an  intimate  connection,  and  a 
likelihood  that  both,  at  least  in  tbe  first  instance,  are  due  to  tbe  same 
cause.     Certain  compounds   have   been   iaolated  which   are  additive 
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products  of  the  colouring  matter  with  potassium  acetate ;  a  compound 
of  morin  with  potassium  oxalate  has  also  been  referred  to,  and  no 
doubt  it  would  be  possible  to  prppare  numerous  salts  of  this  type. 
These  substances  are  isolated  when  the  phenol,  although  forming 
mono-substituted  salts  in  the  presence  of  alcoholic  potassium  or  sodium 
hydroxide,  is  not  sufficiently  acidic  to  decompose  the  potassium  acetate  or 
other  salt.  Accordingly,  it  is  therefore  considered  probable  that  in  all 
cases  the  first  step  in  this  reaction  is  the  production  of  an  additive  pro- 
duct of  the  colouring  matter  and  the  alkali  salt ;  this,  as  a  rule,  is  too 
unstable  for  isolation,  and  is  rapidly  decomposed  with  formation  of  the 
mono-substituted  salt.  Again,  when  the  alkali  hydroxide  is  employed 
at  first,  an  additive  compound  is  possibly  formed,  which  changes 
almost  immediately  into  the  salt  derived  from  the  acetate.  Such 
additive  products  can,  of  course,  be  readily  formulated  as  oxonium 
derivatives,  K-O'CgHgOg  or  K-0"OH,  and  this  at  once  expresses 
their  relation  to  the  acid  compounds,  which  is  so  marked  in  the 
flavone  series.  Assuming  this  to  be  correct,  the  question  arises  as  to 
how  the  decomposition  of  these  unstable  derivatives  with  subsequent 
formation  of  the  mono-substituted  salt  is  best  explained.  It  has  been 
pointed  out  that  the  potassium  salt  of  alizarin  on  digestion  with 
methyl  iodide  at  220°  is  converted  into  the  monomethyl  ether 
(OH  :  0*CH3=  1 :  2),  and  that  the  salts  of  other  anthraquinone  colouring 
matters  behave  similarly.  Consequently,  it  was  suggested  that  the 
constitution  of  the  potassium  salt  was  best  represented  as  : 


the  marked  change  of  colour  between  this  substance  and  alizarin  itself 
being  due  to  an  alteration  in  the  quinonoid  form.  In  accordance  with 
this,  therefore,  the  unstable  additive  compound  of  alizarin  with  the 
acetate  could  be  formulated  in  two  ways  : 

CO   OH  CO   OH   H 

C  CO 

C,H,0j-O-K 

the  first  of  which  might  be  considered  preferable,  as  it  more  readily 
expresses  the  change  to  the  monopotassium  belt  as  represented. 

The  fact  has  been  noted  that  certain  mono-substituted  salts  as,  for 
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insUo€«,  those  of  alixArin  and  gallfutetophenone,  ar«  itUble  toward« 
boilinif  water,  whereas  those  of  the  flavone  series  are  not.  This  diit 
tiootion  mggmUd  the  possibility  that  the  flavoDe  oompouDds  were  not 
true  salts,  but  might  be  represented  as  additive  compounds  of  the 
ooioariog  matter  and  alkali  hydroxide.  From  the  previous  work, 
this  did  not  appear  likely,  but  to  set  all  doubt  at  rest  the  poUiwiuni 
deriTative  of  morin  was  again  investigated,  with  the  result  that  this 
must  6e  regarded  as  a  true  salt,  CjjH^OyK,  and  not  an  additive 
compound,  C,5H,oO.,KHO  (found  K-11'46,  11-46;ca1c.  K-11-47). 

As  an  explanation  of  the  instability  of  the  flavone  (and  other)  salts, 
it  is  snggaeted  that  in  the  presence  of  water  monopotasaium  quercetin, 
for  example,  tends  to  pass  into  theoxonium  derivative,  C,5Hio07,KHO, 
which   being   unstable   is  decomposed   into    quercetin    and    its  salt, 

In  support  of  the  quinonoid  structure  of  the  salts,  it  is  interesting  to 
note  that  all  the  colouring  matters  of  known  constitution  at  present 
examined  can  readily  be  represented  as  jo  quinonoid  compounds 
Except  in  the  case  of  flavone  derivatives  (Trans.,  1902,  81,  690), 
it  appears  to  be  generally  true  that  all  colouring  matters  care- 
fully investigated,  from  this  point  of  view,  contain  two  hydroxyl 
groups  in  the  ortho-position  relatively  to  one  another.  As  this 
peculiar  salt  formation  may  be  taken  as  an  expression  of  the  dyeing 
property,  it    would    be   most   interesting   to   determine  whether  an 

acetyl  catechol  having  the  constitution  Oh'       JcO-CH,  would  be  a 

OH 
|dyestuff,  as  this  could  evidently  not  be  expressed  as  a  p-quinonoid  com- 
mand.    Unfortunately,  this   and  similarly  constituted  substances  do 
"  leem  to  have  been  prepared,  although  it  is  considered   probable 
the  gallaoetophenone  monomethyl  ether  described  in  this  paper 

CH3-o/\ 
the  constitution       OHI      JCO-CH,.     Deflnite  knowledge  of  the 

OH 

jhaviour  of  such  phenolic  compounds  should  decide  the  constitution 
isigned  to  these  salts. 

The  tendency  of   some  colouring  matters  to  form  what   may  be 
rmed    89mimono$ubstituUd    sails,   as    in    the    case    of    daphnetin, 
\^O^CgBfi^K,  is   interesting    and   has   led    us    to   attempt   the 
lormationof  such  compounds  from  alizmn  and  other  colouring  matters, 
-"  as  yet  without  success.     It  is  evident  that  these  substances,  as  in 
ease  of    the   product   obtained   from   daphnetin   and   potassium 
Jtate,  Ac,  could    be  represented   as   oxonium    derivatives   in   the 
iner   suggested   above,    but   the    peculiar  gal  lace  tophenone  com- 
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pound,  (C8H80^)2,C8H70^K,  indicates  that  such  an  explanation  is 
hardly  feasible.  The  existence  of  these  semi-monosubstituted  salts 
indicates  that  the  composition  of  such  derivatives  must  not  without 
further  evidence  be  taken  to  represent  the  molecular  weight  of  the 
compound  under  consideration  ;  as  has  been  the  case  with  hesperitin 
and  rottlerin  (Trans.,  1898,  73,  1035  ;  1895,  67,  230).  The  former 
yielded  derivatives,  CjjHggOijtCgHgOgK  and  CggHj^OjjK,  and  the  latter 
CjyiHgQOjjK  and  CgjHgQOgNa,  and  other  methods  of  molecular  weight 
determination  will  be  carried  out  to  determine  if  these  substances  are 
semi-salts  or  otherwise. 

It  has  been  observed  in  the  cases  of  ellagic  acid  and  galloflavin 
that  by  means  of  potassium  acetate  both  colouring  matters  form 
dipotassium  salts.  This  apparently  abnormal  behaviour  appears  to 
be  due  to  the  fact  that  both  substances  are  acids,  and  that  to  the 
carboxylic  group  is  due  the  presence  of  the  second  potassium  atom  in 
these  compounds.  The  special  activity  of  one  hydroxyl  group  in 
colouring  matters  known  to  possess  several  such  radicles  is  no  doubt 
of  importance  in  connection  with  their  property  of  forming  lakes  with 
the  heavier  metals  and  their  basic  salts.  It  would  be  extremely 
interesting  if  the  corresponding  mono-substituted  salts  of  aluminium 
and  tin  could  be  prepared  in  order  to  observe  the  colour  of  these 
products,  and  to  determine  how  closely  they  resemble  the  shades 
produced  in  the  ordinary  manner  with  mordanted  fabrics.  Compounds, 
however,  of  this  simple  character  are  not  produced  by  methods  of 
soluble  decomposition,  and  salts  of  a  basic  nature  have  only  at  present 
been  isolated  when  experimenting  in  this  direction. 

In  connection  with  oxonium  derivatives,  it  may  be  here  mentioned 
that  during  experiments  with  kampherol,  with  the  object  of  preparing 
Testoni's  methylkampherol  trimethyl  ether  {Gazzetta,  1900,  30,  ii, 
327),  a  substance  resembling  but  not  identical  with  this  compound 
resulted.  It  melted  at  182 — 185°,  and  although  analyses  were 
carried  out,  these,  as  was  subsequently  discovered,  were  vitiated  by 
the  fact  that  the  product  contained  a  considerable  quantity  of  iodine. 
Owing  to  the  scarcity  of  the  material  and  the  expense  of  the  methods 
necessary  for  isolating  kampherol,  these  experiments  have  not  as  yet 
been  repeated,  but  it  is  possible  that  the  compound  in  question  may 
be  represented  as  an  oxonium  derivative  containing  the  group 
Me-O-I,  analogous  to  the  substance,  CyllgOj'EtOH,  which  Collie  and 
Steele  (Trans.,  1900,  77,  971)  obtained  from  dimethylpyrone.  The 
subject  will  be  further  investigated. 

CLOTHWORKBRs'   RB8RAUCH   LAHORATOKY, 

Dyking  Dkpartmbnt, 

VoRRSniRX  COLLIOB.' 
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XII. — TfUertk^na  of  Ketones  and  Aldehydes  with  Acid 
Chlorides — the  Formation  of  Benzoxyolefines  and 
I'Benzoxjfcamphene. 

By  Frbdbbick  Hsrbkrt  Libs. 

Ik  ih«  oourte  of  an  investigation  on  the  constituents  of  nn  esAcntial 
oil  of  me  (Power  and  Lees,  Trans.,  1902,  81,  1585),  a  mixture  was 
isolated  consisting  of  methyl  heptyl  and  methyl  nouyl  ketones, 
together  with  methylheptyl-  and  methylnonyl-carbinolt).  To  separate 
the  two  classes  of  substances,  the  mixture  was  boiled  with  an  excess  of 
benioyl  chloride  in  order  to  convert  the  alcohols  into  benzoic  esters,  as 
it  was  hoped  that  subsequent  fractional  distillation  in  a  vacuum  would 
achieve  the  object.  Although  sufficient  benzoyl  chloride  was  em- 
ployed to  convert  the  whole  of  the  oil  into  ester  had  it  consisted 
entirely  of  methyl heptylcarbinol,  it  was  observed  on  distillation  of  the 
product  that  very  little  of  the  chloride  remained,  and  that  not  only 
had  the  alcohols  been  converted  into  esters,  but  the  ketones  in  some 
manner  had  also  formed  substances  of  considerably  higher  boiling 
point. 

Although  the  primary  object  of  this  experiment  was  not  thus 
attained,  and  the  separation  was  subsequently  carried  out  in  an 
entirely  different  way  {loc.  cit.),  it  appeared  of  interest  to  examine  the 
subetances  formed  by  the  interaction  of  the  ketones  mentioned  and 
benzoyl  chloride. 

Methyl  n  nonyl  ketone  and  benzoyl  chloride  readily  interact,  with 
elimination  of  hydrogen  chloride,  when  a  mixture  in  molecular  pro- 
portion is  boiled  for  some  hours.  The  condensation  product  is  an 
oil  of  high  boiling  point  and  has  the  formula  CigUs^O, ;  its  formation 
may  be  represented  by  the  equation  : 

CiiH^O  +  C^Hj-CO-Cl   -  C„H,jO-CX)-CaH5   +    HCl. 

^hh  regard  to  the  constitution  of  this  compound,  the  question  at  issue 

whether  the  benzoyl  radicle  was  attached  to  carbon  or  to  oxygen, 

other  words,  whether  the  substance  was  a  diketone  or  a  benzoxy- 

The  substance  was  insoluble  in  aqueous  potassium  hydroxide, 

its  alcoholic  solution  did  not  develop  a  coloration  on  the  addition 

ferrie  ehloride,  facts  which  excluded  the  possibility  of  its  being 

a  /3-diketone  or  an  enolic  modi6cation  of  the  latter.     Moreover, 

»  compound  was  readily  hydrolysed   by  warm   dilute   alcoholic 

a  hydroxide  with  separation  of  potassium  benzoate,  and  by 

rdroxylamine    under   the   same  conditions   with   the   formation   of 

lylnonylketoxime,  it  was  evident  that  the  benzoyl  radicle  was  in 

Lxxxni.  L 


14G  LEES:   iNTfiKACTIONS  OF   KETONES  AND 

combination  with  oxygen,  and  that  the  substance  was  a  benzoxy- 
olefine.  This  view  of  its  constitution  was  further  supported  by  the 
fact  that  by  treatment  with  bromine  a  dibromide  was  formed. 

The  formation  of  an  acyloxy-derivative  of  an  olefine  by  interaction 
of  a  mono-oxygenated  ketone  with  an  acid  chloride  has  not  hitherto 
been  observed.  Tlie  most  probable  explanation  of  the  reaction  is 
that  in  the  first  instance  the  benzoyl  chloride  becomes  attached  to  the 
carbonyl  group  of  the  ketone,  forming  the  intermediate  compound  : 

which,  by  loss  of  hydrogen  chloride,  would  give  rise  to  a  compound 
having  one  or  other  of  the  two  following  formulae : 

cS>C-0-CO-C.H,    or    c,H.,^J^>C-0-CO-C,H, 

It  has  not  yet  been  ascertained  which  of  the  two  expressions  repre- 
sents the  substance  CjgHjgOg,  and  so  it  is  provisionally  designated 
^-benzoxyundeci/lene. 

The  above  explanation  of  the  reaction  receives  support  from  the 
fact  that  Claisen  and  Haase  {Ber.,  1900,  33,  1242),  in  continuation  of 
the  researches  of  the  former  on  substances  containing  the  grouping 
•CO'CHj'CO*,  have  prepared  ethyl  0-benzoylacetoacetate  and  ethyl 
0-acetylacetoacetate  of  the  respective  formulre  : 

CO,Et^CH>C-0-CO-C,H.    and    co,g^p^^»>C-0-CO-CH,. 

by  the  interaction  of  ethyl  acetoacetate  with  the  acid  chlorides  in  pre* 
sence  of  pyridine,  and  trace  the  course  of  the  reaction  on  the  plan 
given  above  for  the  formation  of  /3-benzoxyundecylene.  In  justifica- 
tion of  their  scheme,  Claisen. and  Haase  refer  to  an  observation  of 
Claisen'tf  (J9er.,  1881,  14,  2475)  that  benxaldeliyde  readily  forms  an 
additive  compound,  with  benzoyl  bromide,  of  the  constitution 


C,H,-CH<^1^^*^«^» 


Br 

The  reaction  employed  in  the  production  of  )3-benzoxyundecylene 
has  been  extended  to  other  mouo^>xygenated  ketones  and  a  mono- 
oxygenated  aldehyde ;  the  behaviour  of  a  ketone  with  aliphatic  acid 
chlorides  was  also  studied.  The  results  of  these  investigations  and  the 
substances  obtained  are  as  follows. 

Neither  acetone  nor  methyl  n-propyl  ketone  interacted  with  benzoyl 
chloride.  On  the  other  hand,  from  methyl  n-butyl  ketone,  methyl 
Mc.'hexyl  ketone,  methyl  n-heptyl  ketone,  ticetophenone,  camphor,  and 
heptaldehyde,   there  were  respectively  prepared:   fi'btnzoxyh»xylsni$i 
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CH,:C(0Bt)'C4H^  or  CHj^*C(OBt):CK'Ofiy;  p-benzoxij-yrMthijlheplyl' 
m$,  CH,:C(OBi)-CHMo-C,H^  or  CH,-C(OBz):CMo-(^JT, ;  phenz- 
OMymmyUm,  CH,:qOBi)-CyH,5  or  CH,-C(OBz):CH-CaH,,;  a^nz- 
oxy-a^pkmyUthyUtte,  C0H5*C(OBz)ICH, ;  l-bemoxi/camp/ieMt 

CH 

and  a-henzoxy^-heptylen^f  CjHu'CHICH'OBz. 

Methyl  n-noDjl  ketone  did  not  interact  with  acetyl  chloride  when 
the  mixture  was  boiled  for  several  hours  ;  with  valeryl  chloride,  how- 
ever, PvaUrw^undwyUne,  CH,:C(0-C0-C^Hg)-CeHi9  or 

CHs-C(0-CO-C4H5):CH-C8H,7, 
resulted. 

The  fact  that  acetone  and  methyl  n-propyl  ketone  does  not  interact 
with  benzoyl  chloride  or  methyl  w-nonyl  ketone  with  acetyl  chloride 
is  probably  owing  to  the  temperatures  at  which  the  respective  mix- 
tares  boiled  not  being  sufficiently  high.  On  the  other  hand,  it  might 
be  possible  to  effect  condensation  even  in  these  cases  if  a  tertiary  base 
were  employed  as  a  condensing  medium  (compare  Claisen  and  Haase, 
loc.  cU.). 

The  substances  described  in  this  paper  are  represented  as  esters  of 
the  enolic  form  of  the  respective  carbonyl  compounds  from  which  they 
are  derived,  or,  in  other  words,  they  are  esters  of  that  class  of  alcohols 
of  which  the  hypothetical  vinyl  alcohol,  CHg'CH'OH,  is  the  simplest 
member.     This  class  may  be  generally  represented  by  the  types 

>C:CH-OH  and  >C:CR-OH. 

With  regard  to  substances  of  these  types,  Erlenmeyer  (Her.,  1880, 
13,  309;  1881,  14,  320)  has  stated  that  they  are  incapable  of  free 
existence,  and  that  when,  by  certain  reactions,  they  might  be  expected 
to  result,  the  isomeric  ketonic  or  aldehydic  form,  as  the  case  may  be, 
is  produced  instead.  This  generalisation  has  always  held  good  for 
mono-oxygenated  substances  of  the  above  types,  and  the  only  excep- 
tions are  amongst  those  substances  which  contain  one  or  more  negative 
oxygenated  complexes  attached  to  the  carbon  alom  adjacent  to  that 
associated  with  the  critical  oxygen  atom. 

The  substances  described  in  this  paper  conform  to  Erlenmeyer's 
rule,  and  by  its  means  the  formation  of  methylnonylketoxime  by 
the  interaction  of  y8-benzoxyundecylene  with  hydroxylamine  is 
readily  explained. 

The  formation  of  these  acyloxy-olefioes  and  of  1-benzoxycamphene 
would  appear  to  represent  the  first  instance  of  the  direct  trans- 
formation of  a  mono-oxygenated  carbonyl  compound  into  a  deriv- 
ative of  its  enolic  form.  With  regard  to  benzoxycamphene,  how- 
ever, some  doubt  existed  as  to  its  being  correctly  represented  by  the 
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CH 
formula  CgHi^<[ii         ,  and  this  arose  from  a  consideration  of  Forster's 

work  on  a  hydroxycamphene  (Trans.,  1901,  79,  644;    1902,  81,  264), 
to  which  he  assigns  the  highly  probable  constitution 

CH2-(pH CHo 


CMe, 
H-CMe (^' 


OH 


This  substance  was  produced  by  direct  steps  from  1  :  1-bromonitro- 
camphane,  and  Forster  pointed  out  that  the  origin  of  the  uncertainty 
in  fixing  its  constitution  lies  in  the  several  possibilities  for  the  elim- 
ination  of  hydrogen  bromide  from  the  former  compound.  That  an  un- 
certainty dependent  on  an  analogous  reason  can  exist  with  regard 
to  benzoxycamphene  is  apparent  if  the  structures  of  1  :  1-bromonitro- 
camphane  and  1  :  l-chlorobenzoxycatnphane — the  additive  compound 
of  camphor  and  benzoyl  chloride  which  is  assumed  to  be  formed  in  the 
production  of  benzoxycamphene — are  placed  side  by  side  : 

CH2-(j3H CHg  CHg-CH CHg 

'        CMe,     ' 


•CMe— C 


CHg-CMe— CBr-NOa  CHg-AMe— CCl-O-CO-C^Hg  ' 

The  question  to  be  decided  was  whether  benzoxycamphene  might 
not  possess  a  structure  similar  to  that  of  hydroxycamphene. 

Hydroxycamphene  is  stable  in  presence  of  alkalis,  and  does  not  re- 
act with  hydroxylamine  (Forster,  loc.  cit)y  a  behaviour  which  accords 
with  its  constitution,  whereby  a  transformation  into  camphor  would, 
in  the  first  instance,  involve  the  disruption  of  a  trimethylene  ring  of 

th  ^^® 

®   yP®  \^^  \^    ,     Such  a  change  is  hardly  likely  to  occur  under 

CH— C-OH 

the  influence  of  the  agents  mentioned.     Benzoxycamphene,  on  the 

other  hand,  is  hydrolysed  by  alkalis  or  hydroxylamine,  yielding,  how- 

ever,  not  a  hydroxycamphene  stable  to  these  reagents,  but  camphor 

and    cimphoroxime    respectively;    benzoxycamphene,   therefore,   on 

hydrolysis  gives  a  hydroxycamphene  conforming  to  Erlenmeyer*8  rule, 

which  includes  those  substances  of  the  type  ^CIC(OH)-;  moreover, 

Forster  has  shown  that  hydroxycamphene,  on  treatment  with  bromine 

with  subsequent  elimination  of  hydrogen  bromide,  affords  a  bromo- 

camphor  which  melts  at  78°,    has  [ajo  +19°,  and  is  certainly  not 

an  a-bromo-derivative.    Benzoxycamphene,  however,  on  treatment  with 

bromine  followed  by   elimination  of  benzoyl  bromide,  gave  a  bromo- 

camphor    which    melted    at    76°,  had    [ajo    +131°,    and    was    in 

^HBr 
%11  respects  identical  with  g-bromocamphor,  C^Hj^'^^Aq 
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The  evidence  thus  adduced  affords  concluRive  proof  of  the  correotneM 
of  the  structure  assigned  to  l-benzoxycamphene,  and  of  the  view  that 
it  is  the  benioate  of  enolic  camphor. 


Experimental. 

In.the  preparation  of  the  substances  described  in  this  paper,  the 
ketone  or  aldehyde  and  the  acid  chloride,  in  molecular  proportion, 
were  boiled  together  in  a  reflux  apparatus  for  4 — 6  hours,  and  the 
interaction  was  accompanied  by  a  copious  evolution  of  hydrogen 
chloride.  The  isolation  of  the  condensation  product  was  effected  by 
direct  fractional  distillation,  except  in  the  case  of  the  substance  obtained 
from  the  aldehyde.  The  properties  of  )3-benzoxyundecylene  resemble 
those  of  the  other  benzoxy-derivatives  described  in  this  paper,  and 
one  description  will  therefore  suffice  for  the  group. 

P-Benzoxijundecyleiie,  QK.yQ{0^zyQ^U^^  or  CH3-C(OBz):CH-C8H,7. 

This  was  prepared  from  methyl  n-nonyl  ketone  and  benzoyl 
chloride.  Fractional  distillation  of  the  product  under  50  mm. 
pressure  resulted  in  the  separation  of  a  quantity  of  unchanged 
material  boiling  below  140°  (50  mm.),  from  the  condensation  product 
which  distilled  at  230—240°.  On  redistilUtion,  the  latter  passed 
over  at  233 — 235°  (50  mm.)  as  a  light  yellow  oil,  and  the  yield 
amounted  to  100  per  cent,  of  the  methyl  nonyl  ketone  employed.  On 
analysis : 

0-0941  gave  0  2696  COj  and  00788  H^O.     C  =  781 ;  H  =  9-3. 
CjgHjgOg  requires  C  =  788  ;  H  =  9*5  per  cent. 

2"  1095  depressed  the  freezing  point  of  21*75  grams  of  phenol  by 
1-135°,  whence  mol.  wt.  =  281.     C,8H2602  =  274. 

0*9624  required  NaOH  equivalent  to  36  c.c.  of  a  decinormal 
solution,  instead  of  35*  1  c.c,  the  calculated  amount. 

/3-Benzoxyundecylene  is  insoluble  in  aqueous  alkali  hydroxides  and 
its  alcoholic  solution  gives  no  coloration  with  ferric  chloride.  Its 
solution  in  dry  carbon  disulphide  or  chloroform,  cooled  below  0°, 
instantaneously  decolorises  bromine,  and  its  cold  alcoholic  solution 
reduces  potassium  permanganate.  ^-Benzoxyundecylene  is  immedi- 
ately hjdrolysed  by  warm  dilute  alcoholic  potash  with  separation  of 
potaasiam   beozoate. 

AcUon  qf  Uydroxylamine, — Sodium  (3*31  grams)  dissolved  in  abso- 
lute alcohol  (50  c.c.)  was  added  to  a  solution  of  hydroxylamine  hydro- 
chloride (10  grams)  in  water  (20  c.c);  ^-benzoxyundecylene  (10 
grams)  dissolved  in   alcohol   (20  c.c.)  wag  then  introduced,  and  the 
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mixture  boiled  for  6  hours.  After  removing  some  of  the  alcohol, 
water  was  added  and  the  liquid  extracted  with  ether,  the  ethereal 
solution  was  washed  first  with  water  and  then  with  dilute  sodium 
carbonate  solution  to  remove  benzoic  acid  ;  it  was  then  dried  with 
anhydrous  potassium  carbonate  and  the  ether  removed.  The  product 
was  an  oil  which  soon  formed  a  crystalline  paste  ;  this  was  drained  on 
a  porous  tile  and  the  dry,  crystalline  substance  recrystallised  from 
dilute  alcohol,  from  which  it  separated  as  long  needles  melting  at  46°. 
On  analysis  : 

0'1062  gave  0-2788  COg  and  0-1206  Rfi.     C  =  71-6  ;  H  =  12-6. 
CijHggON  requires  C  =  71-4  ;  H  =  12*4  per  cent. 

This  substance  is  therefore  methylnonylketoxime,  which  melts  at 
46°. 

The  aqueous  solution,  from  which  the  oxime  had  been  extracted  by 
ether,  when  acidified  with  sulphuric  acid  and  warmed  for  some  time 
on  the  water-bath,  gave,  on  cooling,  a  quantity  of  benzoic  acid. 

Action  of  Bromine. — To  a  solution  of  )8-benzoxyundecylene  (10 
grams)  in  dry  carbon  disulphide  (20  c.c.)  at  0°,  dry  bromine  (6 
grams),  also  dissolved  in  dry  carbon  disulphide  (20  c.c),  was  slowly 
added  in  the  dark.  The  bromine  was  instantly  absorbed  without 
any  formation  of  hydrogen  bromide,  and  as  soon  as  the  whole  had 
been  decolorised  the  carbon  disulphide  was  removed  in  a  current  of 
dry  air.  The  product  was  a  thick,  light  yellow  oil  and  weighed 
16  grams.  In  order  to  remove  the  last  traces  of  carbon  disulphide 
prior  to  analysis,  a  small  portion  was  allowed  to  remain  in  a  vacuum 
over  solid  paraffin  for  some  time.  On  opening  the  desiccator,  it  was 
observed  that  the  substance  showed  a  tendency  to  lose  hydrogen 
bromide ;  it  was  therefore  analysed  without  delay  : 

0-3608  gave  0273  AgBr.     Br  =  322. 

CigHgflOgBrg  requires  Br  =  37*0  per  cent. 

It  is  thus  seen  that  /8-benzoxyundecylene  forms  a  dibromide,  which, 
however,  is  somewhat  unstable. 

Action  of  Heat  on  the  Dibromide. — The  dibromide  was  distilled  under 
50  mm.  pressure ;  decomposition  rapidly  ensued,  and  fractions  boiliog 
below  170°  and  at  170—190°  were  collected. 

The  former,  on  redistillation  under  the  ordinary  pressure,  came  over 
at  220 — 230°  as  a  heavy,  strongly  fuming  liquid.  When  mixed  with 
alcohol,  much  heat  was  developed,  and  when  boiled  with  water  it 
slowly  dissolved,  forming  a  clear  solution,  from  which  a  quantity  of 
benzoic  acid  separated  on  cooling.  This  fraction  would  thus  seem  to 
be  benzoyl  bromide. 

The  fraction  which  distilled  at  170—190°,  on  redistillation  under 
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60  mm.  j>resMn*»',  ^;i\o  k  coiomuss  on  avIucIi  coiitaiiitHl  bromine  in 
quantity,  but  did  not  fume.  The  amount  available  did  not  admit  of 
further  puriticiition.  Taking  into  consideration  the  constitution  of 
/3*benzoxyundecylene  and  the  character  of  the  substances  formed  by 
decomposition  of  1-benzoxycamphene  dibromide  (p.  153),  the  product 
was  in  all  probability  a  bromoderivative  of  methyl  nonyl  ketone, 
Oj^HjjOBr,  containing  the  bromine  atom  attached  to  one  or  other  of 
lie  carbon  atoms  adjacent  to  the  carbonyl  group.  The  determination 
of  the  exact  position  of  this  bromine  atom  would  decide  between  the  two 
possibilities  for  the  constitution  of  )3-benzoxyundecylene  (compare 
p.  H6). 

P'Benzoxynonylene,  CH2:C(OBz)-C7Hi5  or  CH3-C(OBz):C-HCgHi3. 

This  was  prepared  from  methyl  n-heptyl  ketone  and  benzoyl  chloride 
and  the  yield  amounted  to  somewhat  more  than  100  per  cent,  of  the 
ketone  employed.  It  boils  at  210 — 211°  under  50  mm.  pressure. 
On  analysis  : 

01251  gave  0-3555  COj  and  01000  llfi.     C-77-5  ;  H=  89. 
C10H22O2  requires  C  ^  780 ;  H  =  8  9  per  tent. 

2*062  required  NaOH  equivalent  to  86  c.c.  of  a  normal  solution, 
instead  of  8*4  c.c,  the  calculated  amount. 

PBenzoxy-y-metIiyltiej)iylenef 

CHj:C(OBz)-CH(CH3)-C,H9  or  CH3-C(OBz)-C(CH3)'C^H9. 

This  was  prepared  from  methyl  «ec.-hexyl  ketone  and  benzoyl 
chloride  and  the  yield  amounted  to  100  per  cent,  of  the  ketone 
employed.     It  boils  at  197—200°  under  50  mm.  pressure.     On  analysis  : 

01163  gave  03288  COj  and  00896  HgO.     0  =  77*1 ;  H  =  8-6. 
CijII^oOj  requires  0  =  77-6  ;  H  =  8'6  per  cent. 

1-947  required  NaOH  equivalent  to  86  c.c.  of  a  normal  solution, 
in&tead  of  8-4  c.c,  the  calculated  amount. 

PBenzoxyJiexyhm,  0H2:0(OBz)-C,Hj,  or  OH3-C(OBz):OH-C3H7. 

This  was  prepared  from  methyl  ?i-butyl  ketone  and  benzoyl  chloride. 
The  yield  of  condensation  product  was  small  as  compared  with  that 
of  the  higher  homologues,  but  a  further  amount  was  obtained  by 
boiling  the  mixture  of  unchanged  ketone  and  benzoyl  chloride, 
separated  from  the  higher  boiling  condensation  product,  for  a  further 
4  hours.  In  this  way,  13  grams  of  )3-benzoxyhexylene  boiling  at 
1<0  175°  under  50  mm.  pressure  were  obtained  from  19  grams  of 
ketone : 
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0-0932  gave  0-2591  COg  and  0-0665  HgO.     C  =  75-8  ;  H  =  7-9. 
CjgHjgOg  requires  C  =  76*5  ;  H  =  7-8  per  cent. 

1*919  required  NaOH  equivalent  to  9*7  c.c.  of  a  normal  solution, 
instead  of  9*4  c.c,  the  calculated  amount. 

a-Bdnzoxy-a-phenylethylene^  CgH5*C{OBz)!CH2» 

This  was  prepared  from  acetophenone  and  benzoyl  chloride,  and 
the  yield  amounted  to  80  per  cent,  of  the  ketone  employed.  It  boils 
at  229 — 230°  under  50  mm.  pressure.     On  analysis  : 

0-1059  gave  0-3097  CO2  and  0-0515  ll-f).     0  =  79-8;  H  =  5-4. 
C15H12O2  requires  0  =  80-3  ;  H  =  5-4  per  cent. 

0-8594  required  NaOH  equivalent  to  38-8  c.c.  of  a  decinormal 
solution,  instead  of  38-4  c.c,  the  calculated  amount. 

CH 

1-Benzoxycamphene,  C8^i4\c.o«CO»C  H  * 

Camphor  (50  grams)  was  dissolved  in  benzoyl  chloride  (50  grams) 
and  the  solution  vigorously  boiled  for  6  hours.  The  product,  when 
fractionated,  yielded  first  a  considerable  proportion  of  unchanged 
material,  and  then,  at  a  much  higher  temperature,  a  small  amount  (6 
grams)  of  a  nearly  colourless  oil  which  distilled  at  210 — 220°  under  50 
mm.  pressure.  This  operation  was  repeated  several  times,  and  in  this 
way  a  considerable  quantity  of  the  oil  was  obtained  ;  this  substance, 
when  redistilled,  boiled  at  215 — 220°  under  50  mm.  pressure. 
Benzoxycamphene  is  slightly  Isevorotatory,  having  a^  -  1°5'  in  a  25 
mm.  tube.     On  analysis  : 

0-1202  gave  03477  OOg  and  0-0844  HgO.     0  =  78-9  ;  H  =  7-8. 
0-0986     „     0-2850  OO2    „    0-0704  HgO.     0  =  78-8;  H  =  7-9. 
O17H20O2  requires  0  =  79*7  ;  H  =  7*8  per  cent. 

0-8869  depressed  the  freezing  point  of  23  grams  of  phenol  by 
1  -058°,  whence  mol.  wt.  =  269.     O17H20O2  -  256. 

2-018  required  NaOH  equivalent  to  7-85  c.c.  of  a  normal  solution, 
instead  of  7-9  c.c,  the  calculated  amount. 

Hydrolysis  by  Alcoholic  Potassium  Hydroxide. — An  alcoholic  solution 
of  1- benzoxycamphene  (10  grams)  and  potassium  hydroxide  (3  grams), 
when  boiled  for  45  minutes,  yielded  a  mixture  of  camphor  (6  grams) 
and  potassium  benzoate.  The  former  was  identified  by  its  specific 
rotation,  [a]D  +  38*5°,  and  by  its  oxime,  which  melted  at  118°. 

Action  of  Hydroxylamint. — Tliis  reagent  was  employed  in  alcoholic 
solution  in  the  manner  described  under  )S-benzoxyundecylene.  The 
final  products  were  benzoic  acid  and  camphoroxime,  the  latter  being 
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identified  by  its  melting  point,   115 — 116°,  and  its  specific  rotation, 
[a]o  -42-1° 

Action  of  Bromine. — 1-Benzoxycamphene,  when  subjected  to  the 
action  of  bromine  in  the  manner  indicated  under  )8-benzoxyundecylene, 
afforded  a  heavy,  yellow  oil,  which,  when  distilled  under  30  mm. 
pressuj-e,  yielded  two  fractions,  one  distilling  below  150°  and  the  other  at 
150 — 170°.  The  first  fraction,  when  redistilled  under  the  ordinary  pres- 
sure, boiled  at  220 — 230°  and  was  identified  as  benzoyl  bromide.  The 
higher  fraction,  which  solidified  after  some  hours,  was  drained  on  a  porous 
tile  and  recrystallised  several  times  from  light  petroleum  ;  it  separated 
in  needles  melting  at  75 — 76°,  and  was  identified  as  a  bromocamphor. 

This  compound  was  also  produced  when  1-benzoxycamphene 
(2  grams),  dissolved  in  cold  glacial  acetic  acid  (50  c.c.)  containing 
several  grams  of  anhydrous  potassium  acetate  in  solution,  was  slowly 
treated  with  bromine,  added  drop  by  drop,  until  present  in  slight  excess. 
The  product,  when  poured  into  water  containing  sulphurous  acid, 
yielded  a  heavy  oil,  which  subsequently  crystallised  on  shaking  with 
warm  dilute  sodium  carbonate  solution.  This  substance,  when  re- 
crystallised  from  methyl  alcohol,  melted  sharply  at  75 — 76°  and  did 
not  depress  the  melting  point  of  a-bromocamphor.  That  it  was 
a-bromocamphor  was  further  shown  by  a  determination  of  its  specific 
rotation  in  ethyl  alcohol,  which  proved  to  be  [ajp  -f  131°. 


a-Benzoxy-a-Jieptyhne,  C^HjfCHICH-O-CO-CgHg. 

This  was  prepared  from  n-heptaldehyde  and  benzoyl  chloride.  In 
this  operation,  large  quantities  of  benzoic  acid  are  produced,  and  on 
this  account  the  product  is  conveniently  purified  by  agitation  with 
sodium  carbonate  solution  in  the  presence  of  ether.  The  dried 
ethereal  extract  yielded  two  fractions,  one  boiling  at  190 — 200°  and 
the  other  at  205 — 275°,  under  50  mm.  pressure.  The  lower  fraction, 
on  redistillation,  passed  over  almost  entirely  at  195°  under  50  mm. 
pressure.    On  analysis  : 

01162  gave  0*3262  COg  and  0-0900  H^.     C  =  76'6;  H  =  8-6. 
C14HJ8O2  requires  C  =  77'l  ;  H  =  8-3  per  cent. 

This  fraction,  which  consists  therefore  of  a-benzoxy-a-heptylene, 
resembles  in  all  respects  the  benzoxy-derivatives  prepared  from  the 
ketones.  The  yield  amounted  to  50  per  cent,  of  the  aldehyde 
employed. 

The  higher  fraction,  which  distilled  at  205—275°  under  50  mm.^ 
pressure,  doubtless  consisted  of  condensation  products  of  w-hept- 
aldehyde  (compare  Perkin,  Trans.,  1883,  43,  45).  The  formation  of 
a  large  amount  of  benzoic  acid,  which   occurs  in  the  preparation  of 
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abenzoxy-a-heptylene  but  not  in  the  other  condensations  described 
in  this  paper,  is  explained  by  the  fact  that  these  condensations  of 
n-heptaldehyde  are  accompanied  by  an  elimination  of  water. 


y3-  Valerexyundecylene, 
CH2:C(0-CO-C^Hy)-CgHi9  or  CH3-C(0-CO-C4H9):CH-C8Hi^. 

This  was  prepared  from  methyl  n-nonyl  ketone  and  valeryl 
chloride,  and  the  yield  amounted  to  80  per  cent,  of  the  ketone 
employed.  It  boils  at  185 — 190°  under  60  mm.,  has  a  valerian-like 
odour,  and  closely  resembles  /3-benzoxyundecylene  in  its  properties. 
On  analysis : 

01009  gave  0-2795  COg  and  0-1081  HgO.     0  =  75-5;  H=ll-9. 
OjgHgoOa  requires  0  =  75*6  ;  H  =  II'S  per  cent. 

1-737  required  NaOH  equivalent  to  6*9  c.c.  of  abnormal  solution, 
instead  of  6*8  c.c,  the  calculated  amount. 

In  the  course  of  this  investigation,  I  have  received  some  valuable 
assistance  from  Mr.  F,  Shedden,  and  I  take  this  opportunity  of 
expressing  my  indebtedness  to  him. 

The  "Wellcome  Chemical  Research  Laboratobies. 


XIII. — Nitrotartaric  Acid   and  some   of  its    Ethereal 

Salts. 

By  Percy  Fabaday  Fbankland,  Henry  Leonard  Heathcotb,  B.So., 
and  Hilda  Jane  Habtle,  B.Sc. 

Although  the  nitrates  of  tartaric  acid  and  of  its  ethyl  ester  have 
formed  the  subject  of  several  investigations,  practically  nothing  is 
known  of  their  optical  properties. 

Dinitrotartaric  acid,  or  tartaric^  acid  dinitrate,  was  probably  first 
obtained  by  Reinsch  (Jahrb.f  1849,  329)  by  dissolving  tartaric  acid  in 
five  times  its  weight  of  fuming  nitric  acid  (sp.  gr.  1*42).  It  was 
subsequently  more  completely  studied,  and  first  described  as  nitro- 
tartaric acid  by  Dessaignes  {JaJirh,^  1852,  475),  who  dissolved  tartaric 
acid  in  4*5  times  its  weight  of  strong  nitric  acid  and  then  added  an 
equal  volume  of  strong  sulphuric  acid.     By  the  spontaneous  decom- 
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position  of  nitrotartaric  acid,  Dessaignes  obtained  oxalic  and  tartronio 
acids  {Jahrb.t  1854,  396).  He  similarly  prepared  nitroracemic 
acid  {Jahi'h.^  1S57,  306),  from  which  tarbronic  acid  was  also  obtained 
by  spontaneous  decomposition.  By  the  action  of  ammonium  sulphide 
on  nitrotartaric  acid,  Dessaignes  obtained  tartaric  acid,  whilst  by  the 
action  of  sulphuretted  hydrogen  on  ammonium  nitroracemate,  racemic 
acid  wAs  obtained.  Dessaignes  further  mentions  that,  whilst  nitro- 
racemic acid  is  inactive,  Chautard  had  shown  that  nitrotartaric  acid 
was  active  to  polarised  light.  This  is  the  only  reference  to  the  optical 
activity  of  nitrotartaric  acid  or  any  of  its  derivatives  that  we  have 
been  able  to  find  in  the  literature  of  the  subject. 

The  decomposition  of  nitrotartaric  acid  has  been  further  investigated 
by  Demole  {Ber.,  1877,  10,  1788),  who  found  that  by  boiling  the  acid 
with  dilute  alcohol  (sp.  gr.  0925)  tartronic  acid  is  almost  exclusively 
obtained,  traces  of  oxalic  acid  being  formed  only  occasionally. 

Dinitrotartaric  acid  was  also  employed  by  Kekule  (Annalen,  1 883, 221, 
244)  for  the  preparation  of  dihydroxyfcartaric  acid,  which  he  showed  to 
be  identical  with  what  was  previously  known  as  carboxytartronic  acid, 
and  which  he  obtained  by  retarding  the  decomposition  of  dinitrotar- 
taric acid  by  adding  to  its  solution  in  ether  some  ethyl  nitrite  and 
leaving  the  mixture  at  the  ordinary  temperature  of  the  air. 

The  only  known  ethereal  salt  of  dinitrotartaric  acid  was  prepared 
by  Henry  (Ber.,  1870,  3,  530),  who  describes  the  diethjl  ester  as  a 
viscid  oil  which  solidifies  on  standing,  and  which,  on  recrystallisation 
by  spontaneous  evaporation  of  its  alcoholic  or  ethereal  solution, 
he  obtained  in  the  form  of  needles  or  prisms  melting  at  45 — 46°, 
The  substance  was  apparently  neither  analysed  nor  investigated 
optically. 

A  further  investigation  of  these  and  similar  substances  has  been 
commenced  by  us  more  especially  in  connection  with  their  optical 
activity. 

Dinitrotartaric  A  del . 

We  have  prepared  this  acid  and  have  determined  its  rotatory  power 
in  methyl  and  ethyl  alcoholic  solutions  respectively  (for  details,  see 
p.  164). 

The  rotations  for  a  9  per  cent,  solution  are  as  follows : 

[«]r  [M]5r. 

Methyl  alcohol +13-70°  +3288° 

Ethyl         „        +13-48  +3235 

The  intioiuction  of  the  two  NO.^  groups  thus  raisesj^the  dextro- 

M  2 
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rotation  very  considerably,  for  it  has  been  shown  that  tartaric  acid 
itself  is  almost  destitute  of  rotatory  power  in  ethyl  and  methyl 
alcoholic  solutions  (Biot,  Mem.  de  I'Acad.,  1838,  16,  240),  and  also  in 
acetone  (Landolt,  Ber.,  1880,  13,  2332). 

Comparing  the  influence  of  the  two  NOg  groups  with  that  of  two 
acetyl  and  two  benzoyl  radicles  respectively,  it  is  seen  that  the  two 
NO2  groups  have  an  opposite  effect  to  the  two  latter  pairs  of  groups, 
thus : 


Substance. 

Solvent. 

c. 

. 

t«]o. 

[M]o, 

Diacetyltartaric  acid  * 

Water 

17-947 

22° 

-23-04° 

-53-9° 

•  >                      a 

tf 

11-486 

jj 

-22-16 

-51-9 

7-351 

-21-33 

-49-9 

4-705 

-20-07 

-47  0 

t>                     )> 

Methyl  alcohol 

4-681 

15 

-23-74 

-56-6 

ii                      n 

Ethyl    alcohol 

7-367 

22 

-23-63 

-55-3 

3-274 

-21-52 

-60-4 

Dibenzoyltartaric  acidt 

Methyl  alcohol 

4-625 

19 

-122-14 

-437-3 

Ethyl     alcohol 

8-506 

17 

-116-47 

-417  0 

»>                   " 

>> 

4-755 

15 

-117-68 

-421-3 

Pictet,  Jahrb.,  1882,  856. 


t  Ibid. 


Dimethyl  Dinitrotartrate. 

This  was  also  found  to  be  dextrorotatory  in  methyl  and  ethyl 
alcohols,  as  well  as  in  benzene  solution.  Thus  for  an  approximately 
9  per  cent,  solution,  the  following  rotations  were  obtained : 

Methyl  alcohol +19-54°  +52-37° 

Ethyl         „       +14-73  +39-48 

Benzene,  7 '5  per  cent,  solution     +19*52  +52-31 

The  presence  of  the  two  NOg  groups  tends  thus  again  to  increase  the 
dextrorotation,  for  liquid  dimethyl  tartrate  gives,  according  to  Pictet, 
[a]y  +  2-14°  and  [MJ^f  +  3-81°,  whilst  in  benzene  solution  (Freundler, 
Theses,  Paris,  1894)  c  =  5-5958,  [a'\^'  -5-1°. 

Again,  comparing  the  influence  of  the  two  NO^  groups  with  that 
exerted  by  pairs  of  other  acid  groups  on  the  rotation  of  dimethyl 
tartrate,  we  liave : 
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Siilwi.uu  .'. 

Solvent.            C-. 

i. 

[«]o. 

IMV 

Dimethyl  diacetyl tartrate   

„        dipropionyltartrato 

»t                       »♦              

iHhntvrvltartrate 

Ethyl  alcohol 

Liquid 
Ethyl  alcohol 

Liquid 
Ethyl  alcohol 

M 

Liquid 
Ethyl  alcohol 

Liquid 
Ethyl  alcohol 

Liquid 
Ethyl  alcohol 

Liquid 

Ethyl  alcohol 

Liquid 

>i 

»> 

Ethyl  alcohol 

Liquid 
>> 

Ethyl  alcohol 

24813 

6-3025 

68317 
5-9942 

26" 

16 

15 

13 

19 

17 

16 

19 

14-5 

19 

13 

18 

100 

19 
100 
100 
100 

16 

20 
20 
18 
16 

-16-r 

-10-7 
-12-4 
-16-1 
-12-6 
-13-4 
-16-1 
-12-9 
-13  9 
-9-4 
-15-9 
-12-4 

-72  6 
-96-6 
-78-4 
-68-0 
-79  0 
-102-8 
-108  7 

-0-64 
+  11-9 
+  14-5 
+  19-7 

-39-6' 
-31-0 
-36-0 
-480 

J      •! 

-40-1 

iiwobutyryl tartrate    ... 
divaleryltartrate 

-42-6 
-55-7 

6*5769 

-44-6 

'  1  i  i'50valeryl  tartrate 

>»               

.li<»AnrnvltJi.rtrafcfl 



6-4791 

6-579 
0-246 

0-866 
0-8873 

-48-1 
-32-6 
-59-5 

i»                           »>             

Dimethyl  dibenzoyltartrate 

-46-4 
-2801 

»»                       >>           

,,        di-o-toluyltartrate  

»>                       >>               

di-w-toluyltartrate 

di-i)-toluy  I  tartrate  

»i                        >» 

Dimethyl        dimonochloroacetyl- 

tartrate    

Dimethyl  didichloroacetyl  tartrate. 
,,       diphenacetyl tartrate    ... 

-372-9 
-324-7 
-281-6 
-3271 
-425-7 
-450-0 

-2-12 
+  47-6 
^  60-0 
+  81-6 

Thus,  whilst  the  introduction  of  the  two  NOg  groups  into  dimethyl 
tartrate  increases  the  dextrorotation  of  the  latter,  it  will  be  seen 
from  the  above  table  that  all  the  other  acid  groups,  excepting 
phenacetyl  and  dichloroacetyl,  lead  to  a  Isevorotation,  the  latter 
being  most  marked  in  the  case  of  the  aromatic  acyl  radicles.  The 
introduction  of  two  monochloroacetyl  groups  into  dimethyl  tartrate 
exerts  only  a  very  slight  laevorotatory  influence,  and  thus  bridges  over 
the  difference  in  effect  between  the  acetyl  radicle  and  most  other 
acyl  groups  on  the  one  hand,  and  the  dichloroacetyl,  phenacetyl,  and 
NOj  groups  on  the  other. 


Diethyl  Dinitrotartrate. 

This  was  found  to  be  even  more  dextrorotatory  than  the  dimethyl 
compound.  Thus  the  fused  solid  gave  [a]?*  +25-73*"  and  [M]^ 
+  76-16^,  whilst  an  approximately  9  per  cent,  solution  gave  the 
following  rotations : 

Methyl  alcohol +27*18°  +80-45° 

Ethyl         „       +24-27  +71-84 

Benzenp +23-76  +70-33 
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The  effect  produced  by  introducing  the  two  NOg  groups  into  diethyl 
tartrate  is  thus  also  dextrorotatory,  for  liquid  diethyl  tartrate, 
according  to  Pictet,  gives  [a"ff  +7-66°  and  [M]f  +15-8°. 

(For  a  very  full  account  of  the  rotation  of  diethyl  tartrate  in 
various  solvents,  see  Patterson,  Trans.,  1901,  79,  198.) 

The  influence  of  the  two  NOg  groups  on  the  rotation  of  diethyl 
tartrate  may  be  compared  with  that  exerted  by  other  acid  radicles  by 
means  of  the  following  table : 


Substance. 

Solvent. 

c. 

t. 

[a]D. 

[M],. 

Diethyl  diacetyltartrate  

Liquid 
Ethyl  alcohol 

7-038 

20° 

25 

16 

17 

16 

19 

17-5 

19 

15 

18 

16 

19 

16 

16 

18 

37 
100 

20-6 
100 
100 

16 

20 

99-5 

20 

20 

20 

20 

100 

_        i 

+  0-4° 
+  0-4 
+  1-2 
-0-8 
+  0-3 
-1-5 
+  1-4 
-20 
-0-7 
-14 
+  0-5 
-3-1 
-1-1 

-59-36 

-68-43 

-60-33 

-54-73 

-69-31 

-63-74 

-89-98 

-89-1 

-81-56 

-67-65 

-86-82 

+  7-67 
+  16-3 
+  17-9 

+  9-0 

+  9-9° 
+  1-16 

,,       dipropionyltartrate    

j>                     j»                    

dibutyryltartrate    

Liquid       1     — 

Ethyl  alcohol,  5-5841 

Liquid            — 

+  1-27 
+  3-82 
-2-77 

>j                    >>                 

,,        diisohutyryl tartrate    

}»                       >»                   

J,        divaleryltartrate 

>>                     »>              

,,       dii-sovaleryl  tartrate    

>>                      j>                     

,,       dicaproyltartrate    

>>                     )>                  

Diethyl  dibenzoyltartrate    

Ethyl  alcohol 

Liquid 
Ethyl  alcohol 

Liquid 
Ethyl  alcohol 

Liquid 
Ethyl  alcohol 

Liquid 
Ethyl  alcohol 

Liquid 

Ethyl  alcohol 

Liquid 

>> 

>f 

Ethyl  alcohol 
Liquid 

Ethyl  alcohol 
Liquid 

5  50 
5-7572 
5-5839 
6-4-255 

4-560 

9-200 

0-8694 
4-936(p) 

+  1-04 
-519 
+  4-84 
-7-48 
-2-62 
-5-24 
+  1-87 
-12-46 
-4-42 

-245-7 

j>                    >»                 

,,       di-otoluyltartrate  

-283-3 
-266-7 
-241-9 

,,       di-??i-toluyltartrate 

-306-4 

-281-7 

,,       di-^J-toluyltartrate 

-397-7 

-393-8 

, ,       dipyroinucyltartrate  

»>                      »>                    

>>                      »>                   

Diethyl           dimonochloroacetyl- 

tartrate    

Diethyl  didichloroacetyltartrate... 

,,        diphenacetyltartrate  

>>                       >>                    

-321-4 
-266-5 
-342-1 

+  27-5 
+  69-8 
+  79-2 
+  39  9 

Thus,  just  as  in  the  substitution  of  dimethyl  tartrate,  the  dichloro- 
acetyl,  phenacetyl,  and  NOg  groups  form  exceptions  in  exerting  a 
dextrorotatory  influence,  the  other  acyl  groups  exerting  a  Isevo- 
rotatory  effect,  which  is  again  most  pronounced  in  the  case  of  the 
aromatic  radicles.  It  is  noteworthy  also  that  the  monochloroacetyi 
groups,  which,  in  substituting  dimethyl  tartrate,  exert  a  slight  Isevo- 
rotatory  influence,  exercise  a  distinctly  dextrorotatory  effect  in  sub- 
stituting diethyl  tartrate. 
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Considerable  difficulty  was  experienced  in  obtaining  reliable  rotatory 
values  for  the  dinitro-compounds  in  the  alcoholic  solutions,  owing  to 
the  comparatively  rapid  spontaneous  decomposition  which  these  bodies 
undergo,  more  especially  in  ethyl  alcohol  solution.  The  mono- 
nitro-corapounds,  on  the  other  hand,  are  much  more  stable,  and  no 
change  in  the  rotation  of  their  alcoholic  solutions  was  observed,  even 
after  sych  a  considerable  interval  of  time  as  forty-eight  hours. 


Dimethyl  Mononitrotartrate, 

This  was  also  found  to  be  dextrorotatory,  in  fact,  considerably 
more  so  than  dimethyl  dinitrotartrate,  excepting  in  benzene  solution. 
Thus  a  9  per  cent,  solution  gave  the  following  rotations  : 

[air.  [^^ir 

Methyl  alcohol +28-31°  +63-13° 

Ethyl         „        +27-36  +61-01 

♦Benzene +1653  +36-86 

The  only  other  known  monoacyl  derivative  of  dimethyl  tartrate  is 
dimethyl  monotrichloroacetyl  tartrate,  which  in  the  liquid  state  has 
[aj^  +8-4°  and  [M]^'  +27-17°. 

The  trichloroacetyl  group  thus  resembles  the  nitro-group  in  exercis- 
ing a  dextrorotatory  influence,  although  a  much  smaller  one,  on 
being  introduced  into  dimethyl  tartrate. 


Diethyl  Mononitrotartrate, 

This  again  proved  to  be  more  dextrorotatory  than  the  diethyl 
dinitrotartrate.  An  8*4  per  cent,  solution  in  benzene  gave 
[a]^  +31-31°  and  [M]S^  +78-59°;  a  methyl  alcohol  solution  (8-9 
per  cent.)  gave  [a]g^  +35-55°  and  [MfS  +89-25°;  and  an  85  per 
cent,  ethyl  alcohol  solution  gave  [a]^^  +34-44°  and  [M]f?'  +86-44°. 

This  rotation  can  be  compared  with  those  of  a  number  of  monoacyl 
derivatives  of  diethyl  tartrate  which  are  now  known  ;  the  rotations 
are  recorded  in  the  following  table,  along  with  those  of  the  correspond- 
ing diacyl  derivatives,  the  figures  being  those  given  by  McCrae  and 
Patterson  (Trans.,  1900,  77,  1108) : 

*  This  determination  was  made  in  a  1'765  per  cent,  solution,  this  being  th« 
strongest  that  could  .l>e  used. 
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Diethyl  diacetyltartrate  +9  9° 

„       dimonochloroacetyl- 

tartrale   +27-5 

Diethyl     didichloroacetyltartr- 

ate   +69-8 

Diethyl   diphenacetyltartrate...  +79 '2 

,,        dibenzoyltartrate    -247'1 

,,       di-o-toluyltartrato  -266 '5 

,,        di-7n-toluyltartrate -306-3 

,,       di-7?-toluyltartrate -484*4 


[M]f. 

Diethyl  tartrate +15*86" 

,,       monoacetyltartrate +23*1 

,,       monomonochloroacetyl- 

tartrate +32-3 

Diethyl      monotrichloroacetyl- 

tartrate  +54*7 

Diethyl  monophenacetyltartrate  +  98  '5 

,,       monobenzoyltartrate  ...  +61*4 

,,       mono-o-toluyltartrate...  +38*2 

,,       mono-w-toluyltartrate..  +44*0 

,,       mono-jp-toluyltartrate ..  +63*5 

From  the  above  table,  it  is  apparent,  as  pointed  out  by  McCrae  and 
Patterson,  that  the  diaeyl  derivative  is  invariably  less,  sometimes 
enormously  less,  dextrorotatory  than  the  corresponding  monoacyl 
derivative,  and  the  same  relationship  is  now  found  to  hold  good  for 
the  dinitro-  and  raononitro-derivatives  of  both  dimethyl  and  diethyl 
tartrates  respectively.  It  should  be  pointed  out  that  this  is  the  first 
casein  which  both  the  di-  and  the  mono-acyl  derivatives  of  dimethyl 
tartrate  are  known,  all  attempts  to  prepare  monoacyl  derivatives 
of  the  dimethyl  ester  having  hitherto  proved  abortive,  the  diaeyl 
compound  being  formed  instead  (P.  Frankland  and  McCrae,  Trans., 
1898,  73,  310),  whilst  in  the  case  of  the  trichloroacetyl  derivative 
only  the  mono-compound  is  obtained  either  from  'the  dimethyl 
or  the  diethyl  ester  (P.  Frankland  and  Patterson,  Trans,  1898,  73, 
185). 

Experimental. 

Dinitrotartaric  Acid. 

The  method  of  preparation  adopted  was  that  described  by  Kekule 
{Annalen^  1883,  221,  245 — 246).  The  ethereal  extract  was  evaporated 
under  diminished  pressure,  a  crop  of  slightly  yellow  crystals  being  ob- 
tained. On  recrystallisation  from  ether  (purified  by  sodium)  a  colour- 
less product  was  obtained,  but  as  it  had  no  definite  melting  point  it  was 
twice  crystallised  from  pure  ether  before  analysis  : 

I.  0*1813  gave  18*4  CO.  moist  nitrogen  at  22°  and  749-6mm.  N  =  ll*32. 

IT.0-2010     „     20*4c.c.      „  „        21°  and  751-0  mm.  N- 11-41. 

C4H4O10N2  requires  N  =  11-61  per  cent. 

The  acid,  which  does  not  give  off  nitrous  fumes,  is  very  soluble  in 
methyl  and  ethyl  alcohols  and  ether,  but  not  soluble  to  any  extent 
either  in  benzene  or  chloroform.  For  polarimetric  determinations, 
see  p.  164. 
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DieUiyl   DinitrotartraU. 

On  attempting  to  prepare  this  according  to  Henry's  instructions 
(^«r.,  1870,  3,  532),  a  thick,  yellow  oil  was  obtained  which  soon 
exhibited  signs  of  decomposition.  Repeated  solution  in  ether  and 
alcohol  and  evaporation  of  the  solvent  did  not  lead  to  the  solidifi- 
cation of  the  oil.  We  determined,  therefore,  to  use  a  lower 
temperature  in  the  process  of  nitration. 

Thirty  grams  of  diethyl  tartrate,  possessing  the  correct  rotatory 
power,  were  cooled  to  0°  by  means  of  ice-water,  and  then  gradually 
added  to  an  ice  cold  mixture  of  150  grams  of  pure  sulphuric 
acid  and  150  grams  of  fuming  nitric  acid,  which  was  kept  well 
shaken,  the  temperature  being  maintained  below  4°  or  5°  dui  ing 
the  process.  The  emulsion  resulting  from  this  was  gradually  poured 
into  a  large  volume  of  iced  water,  ice  being  also  added  from  time  to 
time  so  as  to  prevent  the  temperature  from  rising  above  5°.  Under  these 
conditions,  an  oil  separated  and  solidified  to  a  visibly  crystallii.e 
mass,  which  was  repeatedly  washed  with  ice  cold  water,  pieces  of  ice 
being  introduced  in  order  to  disintegrate  it.  The  mass  was  collected 
and  dried  as  completely  as  possible  by  suction ;  it  was  then  pressed 
between  filter-paper  and  recrystallised.  On  attempting  to  crystallise 
from  absolute  alcohol,  signs  of  decomposition  were  apparent,  so  that 
ether,  which  had  been  purified  by  sodium,  was  used  for  the  purpose. 
Latterly,  dry  chloroform  was  employed  for  this  crystallisation.  The 
crystals  were  colourless,  flat,  needle-shaped  prisms,  soluble  in  methyl 
and  ethyl  alcohols,  benzene,  chloroform,  and  carbon  disulphide,  but 
apparently  insoluble  in  water.  The  substance  quietly  burns  away 
when  heated  on  platinum  foil,  and  melts,  but  does  not  explode,  when 
struck  on  an  anvil.  The  melting  point  was  27°,  and  this  was  not 
altered  by  further  crystallisation.  This  melting  point  is,  however,  very 
different  from  that  given  by  Henry,  namely,  45 — 46°,  the  latter  being 
about  the  temperature  at  which  we  found  the  mononitrate  to  melt 
(see  page  163) : 

00928  gave  7-7c.c. moist  nitrogen  at  13  5° and  742'2mm.    N  =  9-55. 
CgHjgOiflNg  requires  N  =  9*46  per  cent. 

The  substance  reduces  Fehling's  solution  in  a  few  minutes  in  the 
cold  and  immediately  on  heating. 

The  yield  under  the  above  conditions  was  60 — 70  per  cent.  An 
inferior  yield  was  obtained  on  using  nitric  acid  of  sp.  gr.  1  -4  instead 
of  the  fuming  acid.  The  yield  was  also  diminished  by  allowing  the 
mixture  of  diethyl  tartrate  and  acids  to  stand,  and  after  14  hours 
there  was,  on  subsequent  mixture  with  water,  no  separation  of  solid 
at  all. 
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The  fused  substance   was  examined  at  30°  in  a  polarimeter  tube 
43-67  mm.  long;  (^3074°=  1-3147,  [a]o  + 14-71. 

[a]^  +25-62°  [M]?r  +75-84° 

With  a  specimen  recrystallised  from  ether  the  polarimetric  result  was 

[a]^  +25-73°  [M]r  +76-16° 

and   this  remained  practically  unaltered  after  a  further  crystallisa- 
tion from  the  same  solvent. 

For  additional  polarimetric  determinations  in  solution,  see  p.  166. 

Dimethyl  Dinitrotartrate. 

The  preparation  was  carried  out  in  the  manner  described  above  for 
the  ethyl  compound.  The  dimethyltartrate,  when  shaken  with  the 
mixed  nitric  and  sulphuric  acids,  yielded  a  clear  solution,  which  on 
pouring  into  ice  water  deposited  a  light,  pulverulent,  white  solid, 
which,  after  recrystallisation  from  pure  ether,  melted  at  75°.  The 
crystals  were  similar  in  appearance  to  those  of  the  ethyl  compound, 
only  smaller  ;  they  were  soluble  in  ethyl  and  methyl  alcohols,  ether, 
chloroform,  carbon  disulphide,  and  benzene.  The  ester  was  precipi- 
tated from  its  benzene  solution  by  adding  ligroin,  and  again  found 
to  have  the  same  melting  point.  •  Latterly,  carbon  disulphide  was 
always  employed  for  crystallisation.  It  is  not  soluble  to  any  appreci- 
able extent  in  water,  and  resembles  the  ethyl  compound  in  not  exhibit- 
ing any  explosive  properties  : 

0-4150gave36-5c.c.  moist  nitrogen  at  13°  and  761-7  mm.  N=10-41. 
C^HgOioNg  requires  N=  1045  per  cent. 

Under  the  above  experimental  conditions,  the  yield  was  about  37 
per  cent.,  and  as  it  was  but  slightly  lessened  when  water  at  the 
ordinary  temperature  was  used  instead  of  ice  water,  the  latter  was 
generally  dispensed  with  in  the  preparation  of  this  nitro-compound. 

It  was  found  impossible  to  measure  the  rotation  in  the  fused  state, 
as  the  ester  underwent  decomposition  even  at  75  5°.  becoming  yellow  and 
evolving  gas  in  the  polarimeter  tube.  Its  rotatory  power  in  solution 
is  given  on  p.  165. 

Dimethyl  Mononttrotartrate, 

Thinking  that  the  large  volume  of  water  used  in  the  preparation  of 
the  dimethyl  dinitrotartrate  might  contain  some  of  the  latter  in  solution 
and  thus  account  for  the  small  yield,  it  was  saturated  with  common 
salt  and  repeatedly  extracted  with  ether.  The  extract,  which  was 
yellow  in  colour,  when  dried  with  anhydrous  sodium  sulphate,  and 
allowed  to  evaporate  in  vacuo,  deposited  yellow  crystals  in  consider- 
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able  quantity.  After  one  crystallisation  from  ether,  the  substance, 
which  proved  to  be  dimethyl  mononitrotartrate,  became  colourless 
and  had  a  constant  j  melting  point,  without  decomposition,  of 
94-5— 95-5°  :• 

0*1676  gave  94  c.c.  moist  nitrogen  at  21°  and  7490  mm.    N«6-29. 
CgHgOgN  requires  N  =  6-28  per  cent. 

Tlve  substance,  which  crystallises  in  white  crusts,  is  soluble  in  water, 
ethyl  and  methyl  alcohols,  ether,  chloroform,  and  benzene.  It  decom- 
poses slowly  at  100**,  but  a  fairly  satisfactory  polarimetric  observation 
at  98**  was  possible  (/  =  49-91  mm.;  a^  +18-08°). 

Diethyl  Mononitrotart^'ate, 

The  discovery  of  the  dimethyl  mononitrotartrate  naturally  led  us 
to  look  for  the  corresponding  diethyl  compound  in  the  similar 
aqueous  liquid  obtained  in  the  preparation  of  the  diethyl  dinitro- 
tartrate.  It  was  similarly  isolated  as  a  yellow  oil  which  deposited 
crystals  on  standing  in  an  exsiccator  for  several  days,  whilst  in  most 
of  the  subsequent  preparations  the  crystals  were  obtained  at  once. 
These  crystals,  after  two  crystallisations  from  pure  ether,  melted  at 
46 — 47°.  A  further  purification  was  effected  by  shaking  them  with 
a  considerable  volume  of  water,  thb  undissolved  portion  being  discarded 
as  probably  consisting  for  the  most  part  of  the  dinitro-compound  ;  the 
solution  was  then  agitated  with  ether,  the  extract  dried  with  sodium 
sulphate,  and  evaporated.  The  crystals  thus  obtained  melted  almost 
sharply  at  47^,  and  proved  on  analysis  to  be  diethyl  mononitro- 
tartrate : 

0-2004  gave  101  c.c.  moist  nitrogen  at  16-5°  and  736  mm.  N  =  5-67. 
CgHjgOgN  requires  N  =  5-58  per  cent. 

More  recently,  this  substance  was  extracted  from  the  aqueous  liquid 
by  means  of  chloroform,  and  on  evaporating  off  the  latter  under 
reduced  pressure  an  oil  remained  which,  after  about  four  weeks,  de- 
posited transparent,  prismatic  plates  melting  at  27°.  On  placing  these 
crystals  on  a  porous  plate,  they  were,  in  the  course  of  a  single  night, 
partially  transformed,  by  spontaneous  disintegration,  into  a  white, 
apparently  amorphous  mass ;  the  change,  thus  begun,  was  greatly 
accelerated  by  rubbing  with  a  spatula,  the  transformation  being  com- 

*  In  a  later  preparation  (B),  this  nitro-ester  was  obtained  by  crystallisation  from 
benzene  in  large,  colourleai  priams  melting  at  97".  It  was  this  specimen  that  was 
employed  for  the  polarimetric  determinations  in  benzene  solution  (see  p.  166).  We 
have  lately  foand  it  most  advantageoas  to  extract  the  original  aqueous  solution  with 
chloroform  instead  of  ether,  and  then  the  crystals,  which  separate  after  evaporating 
to  a  small  bulk,  are  recrystallised  from  benzene. 
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plete  in  a  few  minutes.  This  amorphous  material  melted  at  48*5° 
and,  on  being  recrystallised  from  benzene  or  chloroform,  colourless, 
prismatic  crystals  were  obtained  which  also  melted  at  48*5°.  In  fact, 
the  unstable  crystals  of  low  melting  point  were  only  obtained  from 
the  oil  in  the  first  instance.  The  purity  of  this  preparation  was  also 
attested  by  analysis  : 


0-1947  gave  9-3  c.c.  moist  nitrogen  at  12°  and  750  mm. 
CgHjgOgN  requires  N  =  5-58  per  cent. 


N  =  5'59. 


The  yield  of  this  diethyl  mononitr ©tartrate  is  about  20  per  cent. 
The  crystals  are  soluble  in  water,  ethyl  and  methyl  alcohols,  and  very 
soluble  in  chloroform.  The  substance  is  most  advantageously  recrystal- 
lised from  carbon  disulphide,  in  which  it  is  sparingly  soluble  in  the  cold. 
From  the  coincidence  in  the  melting  point,  it  would  appear  probable 
that  it  was  this  mononitrate,  and  not  the  dinitrate,  which  was  obtained 
by  Henry,  who  gave  no  analysis  of  his  product. 

For  polarimetric  measurements  of  the  benzene  solution,  see  p.  167. 

In  the  cold  the  mononitrate  reduces  Fehling's  solution  in  the 
course  of  one  hour,  and  immediately  on  warming  : 


Rotation  of  Dinitrotartaric  Acid. 


p- 

d  2074°. 

f. 

I 
in  mm. 

tto. 

[«]x.. 

[M],. 

Methyl 

alcohol  8( 

)lution. 

0-9901 

4-781 
9-0909 

0-7972 
0-8160 
0-8359 

20° 
>> 

299-84 
)> 
>> 

+  0-39° 
+  1-61 
+  3-12 

+  16-48° 
+  13-76 
+  13-70 

+  39-55° 
+  33-02 
+  32-88 

Ethyl  alcohol  solution. 

0-9901 

4-781 

9-0909 

0-7981 
0-8148 
0-8356 

20° 
>»' 
>> 

299-84 
>> 

+  0-33° 
+  1-55 
+  3-07 

+  13-93° 
+  13-27 
+  13-48 

+  33-43° 
+  31-85 
+  32-86 
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Rotation  of  Dimethyl  Dinitrotartrate. 


P' 

d  2074'. 

t\ 

I. 
mm. 

Oia. 

[«]a. 

[Ml.. 

Meth 

yl  ctlcoli 

ol  solution. 

0-9901 
4-7810 
9-0909 

0-7969 
0-8115 
0-8293 

20- 

»» 

299-84 
»» 
»> 

+  0-47" 
+  2-28 
+  4-42 

+  19-87" 
+  19  60 
+  19-54 

+  53-25° 
+  52-53 
+  52-37  1 

Preparation  A. 

>> 
>» 

8-3760 

0-8273 

'» 

299-3 

+  4-21 

+  20-28 

+  54-35 

Preparation  B. 

Eth 

yl  alcohol  soluti 

on. 

0-9901 
4-7810 
9  0909 

0-7963 
0-8123 
0-8292 

20° 

299-84 

+  0-29° 
+  1-60 
+  3-33 

+  12-27° 
+  13-74 
+  14-73 

+  32-88° 
+  36-82 
+  39-48 

Preparation  A. 

>> 

'Preparation  B. 
(Rotation  de- 

3-6980 
8-6030 

0-8081 
0-8271 

299 -'3 
Benzene 

+  1-31 
+  2-85 

solution 

+  14  64 
+  13-36 

+  39-24 
+  35-80 

termined 
■     witliin     half 
an     hour    of 
making  solu- 
.  tion.) 

10940 
41190 
50980 
7-5300 
8-0-230 

0-8828 
0-8928 
0-8964 
0-9047 
0-9064 

20* 

>i 

>> 

>» 

>> 

389-9 
299-3 
389-9 
299-3 
»> 

+  0-89° 
+  2-32 
+  3-65 

+  3-98 
+  4-23 

+  23-63° 
+  21-08 
+  20-49 
+  19-52 
+  19-42 

+  63-33° 
+  56-49 
+  54-91 
+  52-31 
+  52-05  , 

Preparation  C. 
>» 

Preparation  B. 
Preparation  C. 
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Rotation  of  Diethyl  Dinitrotartrate. 


V' 

1 

d  2074°. 

t\ 

I. 
mm. 

Od. 

Wo. 

[M]o. 

1                1 
Methyl  alcohol  solut 

ion. 

1-3170 

0-8019 

20° 

389-9 

+  1-08° 

+  26-18° 

+  77-49° 

Preparation  C. 

4-6720 

0-8119 

)) 

>) 

+  4-01 

+  27-13 

+  80-30 

(Specially  puri- 

8-8720 

0-8280 

>> 

299-3 

+  5-98 

+  27-18 

+  80-45 

fied  from  pos- 
sible coutami- 

nation      with 

EtJ 

,yl  alcohol  solution. 

mononitro  - 
compound   by- 

washing   with 

1-1320 

0-7960 

20° 

389-9 

+  0-90" 

+  25-62°:  +75-84° 

water        after 

5-1650 

0-8078 

)> 

)  > 

+  4-03 

+  24-84  '  +73-53 

crystallisation 

8-6430 

0-8215 

j> 

299-3 

+  5-16 

+  24-27 

+  71-84 

from     chloro- 
form.) 

Benzene  solution. 

1-0890 

0-8814 

20' 

389-9 

+  0-97° 

+  25-94° 

+  76-78° 

)f 

4-6640 

0-8922 

+  4-07 

+  25  09 

+  74-27 

9-3930 

0-9062 

)f 

>> 

+  7-88 

+  23-76 

+  70-33 

)> 

Rotation  of  Dimethyl  Mononitrotartrate. 


p. 

d  2074'. 

0-9901 

0»7961 

4-781 

0-8100 

9-0909 

0-8268 

4-924 

0*8189 

0-9901 

0-7978 

4-781 

0-8101 

90909 

0-8271 

r 


Oo. 


[a]o.         [Mix,. 


Methyl  cUcohol  solution. 


20° 


299-84 
It 
>> 

+  0-68° 
+  3-23 
+  6-38 

299-3 

+  3-29 

+  28-77' 
+  27-82 
+  28-31 


+  27-48 


Ethyl  alcohol  aolutian. 


20" 


299-84 

+  0-68' 

+  8-11 

f> 

+  6-17 

+  24-60' 
+  26-78 
+  27-86 


+  64-16' 
+  62-04 
+  63  13 

+  61-17 


+  54-64' 
+  69-72 
+  61-01 


Preparation  A. 


Preparation  B. 


Preparation  A. 
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Boiation  of  Dimethyl  Manonitrotartrate  (continued). 


p- 

d  20V4'. 

<•. 

L 

in  mm. 

•». 

[«]n. 

[M], 

* 

Benzefie  solution 

« 

0-9655 

1-604 

1-765 

0  8855 
0-8869 
0-8880 

20- 

389-9 

M 

>> 

+  0-57' 
+  0-87 
+  1-01 

+  17-07° 
+  16-73 
+  16-53 

+  88-07° 
+  37-31 
+  36-86 

Preparation  B. 
(Owing  to  the 
slight       solu- 
bility in  benz- 
ene,   stron>:er 
solutions  could 
not     be    em- 
ployed.) 

Rotation  of  Diethyl  Mononitrotartrate. 


p- 

d  2074°. 

t\ 

I 
mm. 

Od. 

[«]». 

1 

Met 

hyl  alcoi 

hol  solut 

ion. 

10590 
4-6610 
8-9080 

0-8092 
0-8208 
0-8352 

20° 
»> 
»» 

389-9 

299-3 

»> 

+  1-2-2° 
+  4-05 
+  7-92 

+  36-40° 
+  35-41 
+  35-55 

+  91-36' 
+  88-88 
+  89  23 

Preparation  B. 
it 
it 

• 

Et^ 

lyl  alcohol  soluti 

on. 

1-1210 
4-4440 
8-5250 

0  7949 
0-8055 
0-8191 

20° 
»» 

>» 

389-9 
299-3 

+  1-21° 
+  3-67 
+  7-20 

+  34-78° 
+  34-22 
+  34-44 

+  87-30° 
+  85-89 
+  86-44 

Preparation  C. 
>» 

Benzene  solution 

4-8082 

!  50810 

6-1071 

8-4564 

0  8909 
0-8909 
0-8950 

0-9014 

20° 
»» 
>> 

J* 

.    299-3 
>» 

+  4-20* 
+  4-42 
+  5-23 

+  7-14 

+  82-77° 
+  32-60 
+  31-96 

+  31-31 

+  82-25' 
+  81-83 
+  80-22 

+  78-59 

Preparation  B. 

::    £ 

(Recrystallised 
from   benzene 
many  months 
after  prepara- 
tion.) 
Preparation  B. 
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XIV. — The    Nitration    of    Diethyl    Moiiohenzoyl-    and 
Mono-ip-toluyl-tartrates. 

By  Percy  Faraday  Fhankland,  Henry  Leonard  ^Ieathcote,  B.Sc, 
and  Clarence  James  Green,  B.Sc. 

Diethyl  Mononilrohenzoyltartrate  and  Diethyl  Mononitro-ptoluyl- 

tartrate. 

These  compounds  were  obtained  from  diethyl  monobenzoyltartrate 
and  diethyl  mono-^toluyltartrate  respectively,  by  treating  them  with 
a  mixture  of  nitric  and  sulphuric  acids  in  the  cold  on  the  chance  of 
thus  obtaining  mononitrates.  In  both  cases,  however,  the  NOg  group 
entered  the  benzene  ring,  and  by  hydrolysis  it  was  shown  that  the 
m-nitrobenzoyl  group  was  present  in  the  one,  and  the  nitro-;p-toluyl 
group  (CH3:  NO2  :  CO  =  1  :  2  :  4)  in  the  other. 

The  rotatory  power  of  these  compounds  was  greatly  affected  by  the 
nature  of  the  solvent  in  which  the  rotation  was  determined  (for  details, 
see  p.  173). 

The  rotation  of  the  diethyl  mono-m-nitrobenzoyltartrate  is  of  interest 
in  connection  with  that  of  the  mono-7W-toluyltartrate,  as  these  two 
compounds  enable  a  comparison  to  be  instituted  between  the  respective 
rotatory  effects  of  the  CH3  and  the  NOg  groups  occupying  the  same 
position  in  the  benzene  ring.  The  comparison  is,  however,  attended 
with  great  difficulty,  owing  to  the  variable  rotation  of  the 
diethyl  mono-m-nitrobenzoyltartrate  in  different  solvents ;  the  diethyl 
mono-w-toluyltartrate  was  only  polarimetrically  examined  in  the  fused 
state  and  in  glacial  acetic  acid  solution  (see  P.  Frankland  and  McCrae, 
Trans.,  1898,  73,  322).  The  molecular  rotation  of  fused  diethyl 
mono-m-toluyltartrate  at  20°  is  +440°,  whilst  in  glacial  acetic  acid 
only  about  +  25°,  so  that,  on  the  whole,  the  rotatory  effect  of  the 
nitro-group  would  appear  to  be  greater  than  that  of  the  methyl  group 
occupying  the  same  position  in  the  molecule.  A  much  more  detailed 
investigation,  however,  will  have  to  be  made  in  order  to  complete  the 
comparison  between  these  two  groups. 

The  same  comparison  may  also  be  instituted  by  means  of  the  three 
diethyl  ditoluyltartrates  and  the  three  dinitrobenzoyltartrates  respec- 
tively, and  also  between  the  three  similar  pairs  of  dimethyl  esters.  The 
diethyl  and  dimethyl  nitrobeuzoyltartrates  have  been  prepared  and 
polarimetrically  examined  by  one  of  us  in  conjunction  with  Dr.  Harger, 
and  the  results  will  form  the  subject  of  a  future  communication.  It 
will  be  sutlicient  here  to  remark  that  these  compounds  furnish  over- 
whelming evidence  that  the  NO,  group  exercises  a  higher  rotatory  effect 
than  the  CH,  group  occupying  the  same  position  in  the  benzene  ring. 
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Again,  the  relative  rotatory  effects  of  the  NO.^  and  methyl  groups 
may  be  ascertained  from  another  series  of  compirisons,  namely,  dinitro* 
tartaric  acid  and  dimethoxysiiccinic  acid,  dimethyl  dinitrotartrate  and 
dimethyl  dimethozysuccinate,  diethyl  dinitrotartrate  and  diethyl  di- 
methoxysuccinate.  The  above  derivatives  of  dimethoxysuccinic  acid  have 
recently  been  prepared  and  most  fully  described  by  Purdie,  Irvine,  and 
Barbour  (Trans.,  1901,  79,  973),  and  on  comparing  their  figures  with 
those  found  by  us  for  the  dinitrotartrates,  it  is  obvious  that  in  all  cases 
dimethoxysuccinic  acid  and  its  esters  have  much  higher  molecular  rota- 
tions, of  the  same  sign,  than  the  corresponding  derivatives  of  dinitro- 
tartaric  acid.  Thus,  in  this  series,  the  methyl  group  exercises  a  much 
more  powerful,  although  similar,  rotatory  effect  than  does  the  nitro- 
group  occupying  the  same  position  in  the  molecule. 

We  append  Purdie  and  Irvine's  figures  for  the  rotation  of  the 
corresponding  dimethoxy-compounds,  in  order  to  compare  these  with 
our  rotatory  values  given  in  the  preceding  communication  for 
dinitrotartaric  acid  and  its  derivatives  : 


Dimethoxyfmccinic  Acid, 


[«]r 

[MliT 

Water  solution,  c=  17*5839 

+  72-28° 

+  128-7° 

8-9104 

+  74-74 

+  133*0 

4-4570 

+  75-39 

+  134-2 

1-7812 

+  76-63 

+  136*4 

Acetone  solution,  c  =  8*9091 

+  89-29 

+  158-9 

.    3*5595 

+  91*30 

+  162-5 

1*7797 

+  95-80 

+  170-5 

DimeUiyl  Dinietltoxy succinate, 
+  82-62° 


Solvent. 
Water 


BeDzene 


Methyl 
alcohol 


c  =  19-9988 

100315 

50319 

'•  =  20  0036 

100128 

5  0060 


j  =  23  0151 
12  0806 
6-2598 

vou  Lrxxiii. 


+  78-71' 

78*45 

78-50 

101*63 

104*66 

105-47 

78*90 
76-82 
81-04 


te. 

Diethyl  DimetJuoxysuccinate. 

[MJf. 

[aJf. 

[Mjf. 

+  170  0° 

89-7 

209  •9' 

[M]f. 

[-ir. 

[Mir. 

+  1621° 

c=  5-3752 

89 -ir 

208*6' 

16  i -6 

161*7 

209-4 

p=193137 

102-65 

240-2 

215-6 

10*1117 

10414 

243*7 

217-3 

5-3130 

104-93 

245  > 

162*6 

p=  19  0407 

87*27 

204-2 

157*2 

9*7865 

87*41 

204-5 

166-9 

6-0669 

87-66 

205*1 
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Thus  whilst  the  NOg  group  attached  to  the  benzene  ring  has 
hitherto  exhibited  a  higher  rotatory  effect  than  CH3  similarly 
attached,  the  comparison  of  nitrotartaric  acid  and  its  esters  with  the 
dimethoxysuccinates  shows  that  the  -O'CHg  group  has  a  higher 
rotatory  effect  than  the  -O'NOg  group  in  these  compounds. 

On  the  other  hand,  it  will  be  shown  by  one  of  us,  later,  that  NOg 
attached  to  the  benzene  ring  has  a  greater  rotatory  effect  than  -O'CHg 
similarly  combined. 

The  difference  in  the  relation  between  the  rotatory  effects  of  the 
NO2  and  CH3  groups,  according  as  they  are  directly  attached  to 
the  benzene  ring  or  united  to  carbon  by  means  of  oxygen,  may  depend 
on  differences  in  the  structure  of  the  NOg  group  in  the  nitro- 
compounds and  nitrates  respectively. 

The  diethyl  mono-m-nitrobenzoyltartrate  and  the  corresponding 
di-??2-nitrobenzoyltartrate  enable  us  again  to  test  the  regularity 
pointed  out  by  McCrae  and  Patterson  with  regard  to  the  effect 
of  the  single  and  double  substitution  of  diethyl  tartrate,  and  to 
which  reference  has  already  been  made  on  p.  160  in  the  preceding 
communication.  Thus,  it  will  be  seen  that  the  introduction  of  a 
single  m-nitrobenzoyl  group  produces  a  greater  dextrorotatory  change 
than  the  addition  of  two  such  groups ;  in  fact,  diethyl  di-m-nitrobenz- 
oyltartrate  is  powerfully  Isevorotatory,  These  results  are  thus  in 
conformity  with  the  above  generalisation. 

The  rotation  of  diethyl  mononitro-jt?-toluyltartrate  is  again  extra- 
ordinarily dependent  on  the  solvent,  being  dextrorotatory  in  ethyl 
alcohol,  ethyl  acetate,  and  chloroform,  whilst  it  is  Isevorotatory  in 
benzene  and  especially  so  in  pyridine  solution. 

Experimental. 

Diethyl  Mono-m-nitrohenzoyltartrale. 

In  the  hope  of  possibly  obtaining  a  benzoylmononitrotartrate,  diethyl 
monobenzoyl  tart  rate  was  nitrated,  but  the  reactions  of  the  product 
show  that  the  nitro-group  enters  the   benzene  ring,  forming  instead 

C02EfCH(OH)-CH(0-CO-CeH^-N02)-C02Efc. 

Diethyl  monobenzoyltartrate,  of  melting  point  65*5°  and  rotation 
[ajlf  +17-68  (P.  Frankland  and  McCrae,  Trans.,  1898,  73,  310),  was 
added  in  small  quantities  at  a  time  and  with  constant  stirring  to  a 
mixture  of  five  times  its  weight  of  fuming  nitric  acid  (sp.  gr.  r52), 
the  temperature  being  kept  below  6°  by  means  of  an  ice  jacket.  The 
mixture  was  then  poured  slowly  into  water  containing  ice,  which  was 
kept  constantly  stirred  so  that  the  temperature  did  not  rise  above  8°. 
The  thick,  oily  product  which  separated  soon  became  solid  ^amounting 
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to  85 — 90  per  cent,  of  the  theoretical  yield)  and  was  collected  and 
washed  with  water  until  the  washings  showed  only  a  faint  acid 
reaction.  The  solid  was  dried  on  porous  plates  and  then  dissolved 
in  benzene ;  the  filtered  solution,  when  treated  with  low  boiling 
ligroin  until  a  faint  milkiness  was  produced,  slowly  yielded  a  solid 
crystallising  in  long,  flexible,  silky  needles  melting  at  113°,*  and 
soluble  in  alcohol,  benzene,  pyridine,  chloroform,  and  ethyl  acetate,  but 
almost  insoluble  in  cold  carbon  disulphide  and  ligroin  : 

0-2747  gave  9-8  c.c.  moist  nitrogen  at  18°  and  750  mm.     N  =  406 
0-1352     „     0-2525  CO2  and  0-0605  H2O.     0  =  5094;  H  =  4-97. 
C15H17O9N  requires  N  =  3-94;  C  =  50-70;  H  =  4-79  per  cent. 

The  results  of  the  polarimetric  determinations  made  with  solutions 
of  this  ester  are  given  on  p.  173. 

The  substance  did  not  reduce  Fehling's  solution  even  on  heating. 
It  was  easily  hydrolysed  with  alcoholic  potash,  slowly  even  in  the 
cold  and  very  rapidly  on  warming.  After  hydrolysis,  the  alcohol  was 
distilled  off  and  the  residual  potassium  salts  dissolved  in  water.  On 
adding  hydrochloric  acid,  a  solid  at  once  separated ;  this  was  filtered 
off  and  crystallised  from  hot  water,  by  which  means  it  was  obtained 
in  long  needles  melting  at  141°.  The  melting  points  of  0-,  m-,  and 
j9-nitrobenzoic  acids  are  147°,  141°,  and  238°  respectively.  The  crystals 
had  thus  the  melting  point  of  m-nitrobenzoic  acid,  and  the  analysis  of 
the  silver  salt  gave  the  following  confirmatory  result : 

00998  gave  00396  Ag.     Ag  =  39  68. 

CgH^NOg-COgAg  requires  Ag  =  39-39  per  cent. 

The  filtrate  from  the  w-nitrobenzoic  acid  was  in  one  case  neutralised 
with  ammonia  and  treated  with  a  solution  of  calcium  chloride.  The 
precipitate  formed  was  calcium  tartrate  : 

0-2165  gave  01307  OaSO^.     Ca*=  1558. 

CaC^H^Og,4H20  requires  Ca=  15*38  per  cent. 

The  tartaric  acid  contained  in  another  portion  of  the  filtrate  from 
the  m-nitrobenzoic  acid  was  converted  into  potassium  hydrogen 
tartrate : 

0-3475  gave  01666  K2S0^.     K  =  21-50. 

KHO^H^Og  requires  K  *  2074  per  cent. 

In  order  to  ascertain  whether  racemisation  had  occurred  in  the 
preparation,  this  potassium  hydrogen  tartrate  was  examined  polari- 
metrically  in  aqueous  solution  at  20° : 

*  Miss  Uaitic  subsequently  obtained  a  melting  point  of  113-5'  by  clystallising  from 
glacial  acetic  acid. 

N    2 
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0-57  gram  in  100  grams  solution  :  d  2074°  =  0-9973  ;  I  =  299-84  mm., 
a^  +0-36^;  [a]^  +21-12°. 

Laodolt  {Opt.  Brehungsvermogen,  2nd.  edit.,  p.  492)  gives 

c  =  0-615,  ^-20°[a]r  +22-61°, 

from  which  it  is  evident  that  the  product  was  practically  unracemised 
potassium  hydrogen  tartrate.  The  slight  deficiency  in  the  dextro- 
rotation and  the  high  percentage  of  potassium  were  probably  due  to 
the  salt  containing  a  little  potassium  chloride. 

Diethyl  mononit7'o--p-toluy  I  tartrate,  obtained  by  nitrating  diethyl 
mono-;?-toluyltartrate  in  the  manner  described  in  the  preparation  of 
the  corresponding  benzoyl  compound,  exactly  resembles  the  latter  in 
appearance  and  melts  at  104 — 105°,  the  yield  being  80 — 90  per  cent, 
of  the  theoretical : 

0*2471  gave  8-3    c.c.  moist  nitrogen  at  15°  and  751  mm.     N  =  3-89. 
0-2565     „     8-95  c.c.         „  „         17°    „    747  mm.     N  =  3-79. 

0-1022     „     0-1936  CO2  and  0-0495  Kfl.     0  =  5166;  H  =  5-38. 
CigHigOgN  requires  N  =  3-79  3  0  =  52-03;  H  =  5-15  percent. 

The  results  of  the  polarimetric  determinations  made  on  solutions  of 
the  above  are  given  in  the  table  on  p.  173. 

By  hydrolysis  with  alcoholic  potash,  tartaric  and  nitrotoluic  acids 
were  obtained,  and  these  were  separated  from  each  other  owing  to 
the  slight  solubility  of  the  latter  in  cold  water.  The  melting  point 
of  the  nitrotoluic  acid  was  186°  (uncorr.),  and  corresponds  closely  with 
that  of  the  nitro-jo-toluic  acid  [Me  :  NOg :  OOgH  =  1:2:4]  prepared  by 
Ahrens  (Zeit.  f.  Chem,^  1869,  5,  104),  which  is  stated  to  melt  at 
189—190°: 
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Solvent. 


Grams  of 
substance  in 
100  prams  of 

solution. 


Density 

2074'. 


I. 
mm. 


Diethyl  mono-m-nitrohenzoyltar Irate. 


Ethyl  alcohol 2-3810 

,,      acetate I  49675 

„     '  2-6870 

Chloroform 4  0420 

I  2-8560 

Benzene  2*9994 

Pyridine '  9-0020 

4-3900 


Ethyl  alcohol 

,,      acetate 

»»  >> 

Chloroform... 

>> 

>> 

Benzene  

Pyridine  


0-7964 
0-9113 
0-9048 
1-4700 
1-4743 


0-9986 
0-9865 


299-84 


+  0-71° 
+  3-60 
+  2-17 
+  2-54 
+  1-92 
±0 

+  1-26 
+  0-71 


Diethyl  mononitro-^-toluyltartrate . 


2-6261 
1-7370 
8-9295 
3-6266 
7-6555 
4-7648 
2-9640 
3-8838 
7-0502 
4-2367 
3-1842 


0-7957    I 

0-7926    ! 

0-9240 

0-9081 

1-4594 

1-4670 

1-4727 

0-8855 

0-9915 

0-9858 

0-9836 


:99-84 


+  0-44° 
+  0-29 
+  4-91 
+  1-85 
+  5-61 
+  3-50 
+  2-18 
-1-12 
-4-30 
-2-68 
-1-92 


W\ 


[M]f 


+  12-50° 
+  26-52 
+  29-77 
+  14-26 
4  15  21 
±0 

+  4-64 
+  5-47 


+  7-02° 
+  7-02 
+  19-85 
+  18-73 
+  16-74 
+  16-70 
+  16-66 
-10-86 
-20-51 

-20  eo 

-20-45 


+  44-38° 
+  94-15 
+  105-68 
+  50-62 
+  54-00 
±0 

+  16-47 
+  20-42 


+  25-90" 
+  25-90 

+  73-25 
+  69-11 
+  61-77 
+  61-62 
+  61-47 
-4007 
-75-68 
-7601 
-75-46 
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XV. — The    Hydrates    and    the    Solubility    of   Barium 

Acetate. 

Bj  James  Walker  and  William  A.  Fyffe. 

Barium  acetate  is  well  known  to  exist  in  three  modifications,  two  of 
which  are  hydrated  and  one  anhydrous.  Thus  it  is  stated  in  Gmelin's 
Handbook  that  when  left  to  evaporate  spontaneously  in  summer,  the 
concentrated  aqueous  solution  deposits  crystals  containing  one  molecule 
of    water,  whilst   a   less   concentrated   solution   cooled    to   0°  yields 
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crystals  containing  three  molecules  of  water.  At  100°,  the  anhydrous 
salt  is  obtained. 

The  older  data  concerning  the  solubility  of  barium  acetate  are 
somewhat  discrepant.  It  is  stated  in  Kolbe's  Lehrhuch,  on  the 
authority  of  Liebig,  that  the  substance  is  more  soluble  in  cold  water 
than  in  hot.  Bacholz  (quoted  in  Storer's  Dictionary  of  Solubilities) 
states,  on  the  other  hand,  that  the  crystals  (monohydrate  ?)  dissolve 
in  2-25  parts  of  water  at  the  ordinary  temperature  and  in  1*1  parts 
at  the  boiling  point.  Storer  also  quotes  from  Berzelius's  Lehrhuch  that 
the  saturated  cold  solution  contains  36  per  cent.,  and  the  saturated 
boiling  solution  50  per  cent. 

Tilden  and  Shenstone  determined  the  solubility  of  barium  acetate 
at  temperatures  ranging  from  20°  to  180°  {Phil.  Trans.,  1884, 175,  23). 
The  curve  by  means  of  which  they  express  their  results  shows  a 
solubility  of  48  parts  of  anhydrous  salt  in  100  parts  of  water  at  20°, 
rising  rapidly  to  79  parts  in  100  at  60°,  thereafter  to  continue 
constant  up  to  100°.  Since,  however,  Tilden  and  Shenstone  were  more 
immediately  concerned  with  the  solubility  of  the  salt  above  100°,  they 
only  performed  three  determinations  below  that  temperature,  so  that 
the  form  which  they  give  to  their  curve  in  the  region  below  100° 
cannot  be  regarded  as  conclusive. 

Krasnicki  (Monatsh.,  1887,  8,  601)  determined  the  solubility  of 
barium  acetate  monohydrate  at  temperatures  between  0°  and  80°,  and 
found  that  his  results  could  be  expressed  by  the  formula 

S=  58-47  +  0-65067(«  -  0-8)  -  0-005431(«  -  08)2, 

in  which  t  is  the  temperature  in  centigrade  degrees  and  S  the  solubility 
in  parts  of  anhydrous  salt  dissolved  by  100  parts  of  water.  It 
appeared  to  us  rather  remarkable  that  a  substance  which  was  known 
to  exist  in  two  hydrated  forms  at  low  temperatures  should  give  a 
single  continuous  solubility  curve  throughout  such  an  extensive 
range. 

From  the  behaviour  of  the  hydrates  detailed  in  Gmelin's  Handbook 
one  might  expect  to  deal,  between  0°  and  100°,  with  three  distinct 
solubility  curves,  for  the  trihydrate,  monohydrate,  and  anhydrous 
salt  respectively,  which  should  cut  in  two  transition  points,  and  the 
chief  object  of  this  investigation  was  to  ascertain  if  this  were  the 
case,  and  to  determine  as  exactly  as  possible  the  transition  temperatures 
for  the  conversion  of  trihydrate  into  monohydrate,  and  of  mono- 
hydrate into  anhydrous  salt. 

The  barium  acetate  which  we  employed  in  the  investigation  was 

alwajs  recrystallised  by  ourselves.     When  the  hot  saturated  solution 

was  cooled  to  the  laboratory  temperature,  the    trihydrate  separated 

put  in  needle-shaped  crystals.     This  substance  could  not  be  kept  in 
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the  dry  state,  as  it  speedily  effloresced  and  was  partially  converted 
into  the  monohydrate.  The  mooohydrate  which  we  employed  was 
penerally  prepared  from  'the  trihydrate,  this,  after  two  days  in  an 
exhausted  desiccator,  lost  two-thirds  of  its  water  and  was  completely 
converted  into  monohydrate.  Under  ordinary  laboratory  conditions, 
the  monohydrate  could  be  kept  indefinitely  without  undergoing 
alteration.  The  anhydrous  salt  was  prepared  by  heating  either  of  the 
hydrates  in  a  steam  oven  for  several  hours  ;  usually  two  days  were 
allowed  in  order  to  secure  complete  dehydration. 

For  the  purpose  of  obtaining  an  approximate  idea  of  the  position  of  the 
inversion  temperature?!,  a  van't  Hoff  dilatometer  was  charged  with  the 
trihydrate  and  toluene.  When  placed  in  a  thermostat  at  20°,  the  reading 
of  the  toluene  in  the  capillary  remained  constant  for  four  hours,  thus 
indicating  no  transformation  at  this  temperature.  At  35°,  the  toluene 
rose  rapidly  during  the  first  hour  and  slowly  during  the  next  two 
hours,  thereafter  remaining  constant  for  20  hours.  This  behaviour 
indicated  that  between  20°  and  35°  the  trihydrate  undergoes  trans- 
formation into  a  less  hydrated  form,  the  transformation  being  accom- 
panied by  an  increase  of  volume.  On  heating  now  at  40°,  no  change  of 
volume  was  observed  during  3  5  hours,  thus  indicating  no  further 
transformation.  At  45°,  however,  a  slow  diminution  in  volume  was 
perceptible,  lasting  more  than  20  hours.  This  second  transformation, 
thus  indicated  between  35°  and  45°  is  accompanied  by  a  diminution 
instead  of  an  increase  of  volume.  At  55°,  no  further  volume  change 
was  observed. 

In  order  to  ascertain  definitely  the  nature  of  the  change  at  these 
inversion  points,  the  solid,  after  it  had  remained  in  contact  with  the 
solution  for  several  hours  at  different  temperatures,  was  separated  and 
analysed.  In  each  case,  the  original  solid,  when  bought  into  contact 
with  the  aqueous  solution,  was  transformed  into  the  trihydrate.  The 
analysis  was  performed  by  converting  the  substance  into  barium 
sulphate  as  in  the  solubility  estimations  described  below  : 

Percentage  of  barium. 


Temperature. 

Found. 

Calculated. 

0° 

43-5 

Trihydrate...  44-3 

16 

43-7 

27-4 

50-0 

Monohydrate  50*2 

36-5 

50-1 

49 

536 

Anhydrous...  537 

These  numbers  show  leyond  doubt  that,  below  the  first  transition 
point,  the  trihydrate  is  in  equilibrium  with  the  solution,  whilst  the 
anhydrous  salt  is  in  this  condition  above  the  second  transition  point, 
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the  range  for  the  stable  existence  of  the  monohydrate  in  contact 
with  solution  being  limited  by  these  two  temperatures. 

To  establish  the  lower  transition  point  more  accurately,  a  fresh 
dilatometer  was  charged  with  trihydrate.  From  the  previous  dilato- 
metric  experiments  and  the  above  analyses  we  knew  that  the  transi- 
tion temperature  probably  lay  between  20°  and  27°.  First,  we  found 
that  there  was  a  very  pronounced  increase  of  volume  at  27°,  so  that 
this  temperature  was  certainly  above  the  transition  point.  At  22°, 
there  was  an  equally  pronounced  diminution  in  volume,  so  that  this 
temperature  was  as  certainly  below  the  transition  point.  At  24°, 
there  was  a  slow  but  decided  contraction  ;  at  25-5°,  a  slow  bub  decided 
expansion.  The  transition  temperature  therefore  lay  between  these 
limits.  Approaching  the  true  inversion  point  from  both  sides,  we 
ultimately  found  that  at  24 '5°  there  was  a  very  slow  diminution  of 
volume,  and  at  24*8°  a  very  slow  increase  in  volume.  At  247°  neither 
expansion  nor  contraction  could  be  observed.  We  may  therefore  con- 
clude that  24*7°  is  the  inversion  temperature  of  the  system  trihydrate- 
monohydrate,  the  error  in  the  determination  probably  not  exceeding 
O'P. 

Much  greater  difficulty  was  experienced  in  fixing  accurately  the 
inversion  temperature  of  the  system  monohydrated-anhydrous  salt. 
This  was  chiefly  due  to  the  comparative  sluggishness  of  the  trans- 
formation. Previous  results  had  shown  that  the  transition  point  lay 
somewhere  in  the  range  35 — 45°,  but  a  dilatometer  charged  with  a 
mixture  of  monohydrate  and  anhydrous  salt  showed  practically  no 
change  in  volume  at  any  temperature  between  39°  and  42°.  We  then 
endeavoured  to  increase  the  rate  of  the  transformation  by  substituting 
a  saturated  solution  of  barium  acetate  for  the  toluene  which  we  had 
previously  used  in  the  dilatometer.  The  bulb  of  a  large  dilatometer 
was  filled  with  anhydrous  salt  in  a  fine  state  of  division,  heated  at  50°, 
exhausted,  and  filled  up  with  a  solution  of  barium  acetate  saturated  at 
the  same  temperature.  The  dilatometer  was  then  placed  in  a 
thermostat  at  39 •3°.  No  very  decided  change  was  noted  for  some 
hours,  but  after  a  day  it  was  observed  that  several  crystals  of  mono- 
hydrate had  begun  to  form.  In  the  course  of  a  week,  these  had 
become  more  than  an  inch  in  length,  so  that  the  dilatometer  had  to  be 
broken  in  order  that  they  might  be  examined.  They  proved  to  be 
crystals  of  the  monohydrate,  which  rendered  it  certain  that  the  tempera- 
ture of  the  transition  point  was  above  39 '3°.  At  40°,  a  similar  growth 
of  monohydrated  crystals  at  the  expense  of  the  anhydrous  salt  was 
observed,  and,  although  in  this  case  the  growth  was  much  slower, 
there  could  be  no  doubt  that  the  transition  temperature  was  below  40°. 
At  42°,  no  change  of  anhydrous  salt  into  monohydrate  could  be 
observed.     On  the  contrary,  a  large  crystal  of  the  monohydrate,  when 


SOLUBILITY  OF   BARIUM   ACETATE.  177 

heated  at  this  teaiperature  in  a  test-tube  containing  xylene,  in  the 
course  of  a  few  days  lost  its  transparency  and  showed  distinct  planes 
of  cleavage.  Tliis  behavioiir  indicated  incipient  transformation  into 
anhydrous  salt,  and  at  a  somewhat  higher  temperature  the  large 
crystal  broke  up  into  numerous  smill  crystals  about  half  a  milli- 
metre long,  water  being  at  the  same  time  eliminated.  The  transforma- 
tion at,  42°  was  also  confirmed  by  means  of  a  dilatometer  charged  with 
monohydrate,  anhydrous  salt,  and  saturated  solution,  and  this  mixture 
showed  a  slight  diminution  in  volume  at  42°,  that  is,  the  volume 
change  which  accompanies  the  transformation  of  the  monohydrate  into 
anhydrous  salt  and  water.  The  limits  within  which  the  second 
inversion  point  must  lie  are  therefore  40 — 42°.  We  can  consequently 
take  41°  as  the  inversion  temperature  of  the  system  monohydrated- 
anhydrous  salt,  with  a  liability  to  error  probably  not  exceeding  1°.  As 
will  be  seen  later,  the  solubility  data  confirm  this  result. 

Solubility  Experiments. 

The  apparatus  which  we  employed  for  determining  the  solubility  of 
barium  acetate  was  in  all  essentials  identical  with  that  described  by 
Lumsden  (Trans.,  1902,81,  352).  At 'the  higher  temperatures,  how- 
ever, at  which  the  solution  was  in  contact  with  finely  divided  anhydrous 
Silt,  a  different  mode  of  filtration  had  to  be  adopted.  During  the 
process  of  saturation  at  these  temperatures,  the  stirrer  alone  passed 
through  the  stopper  of  the  bottle  containing  the  solution.  A  second 
rubber  stopper  was  provided  with  a  filtering-tube  and  a  short  glass 
tube,  which  at  one  end  was  flush  with  the  lower  surface  of  the  stopper, 
and  at  the  other  end  was  attached  to  the  rubber  tube  of  a  hand- 
blower.  The  filtering  tube  was  a  capillary  glass  tube  blown  out  at 
one  extremity  to  a  conical  shape,  a  disc  of  filter  paper  supported 
between  two  discs  of  muslin  being  tied  over  the  conical  end.  About 
half  an  hour  before  it  was  intended  to  filter  off  the  solution,  the 
stopper,  fitted  with  the  stirrer,  was  replaced  by  the  stopper  furnished 
with  the  filtering  apparatus.  The  liquid  was  forced  through  the 
filter  by  means  of  the  pressure  produced  by  the  blower ;  the  first  few 
drops  were  neglected,  and  then  succeeding  portions  were  delivered 
directly  into  the  weighed  platinum  crucibles  in  which  the  composition 
of  the  solution  was  determined. 

The  crucible  and  its  contents  were  weighed  and  the  solution  care- 
fully evaporated  to  dryness.  The  evaporation  during  our  first 
experiments  was  conducted  on  the  water-bath,  but  it  was  found  later 
that  the  concentration  could  be  conducted  much  more  rapidly  and 
equally  satisfactorily  as  follows.  Two  discs  of  asbestos  millboard, 
3  mm.  in  thickness,  were  placed  on  the  bottom  of  a  nickel  crucible 
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about  two  inches  in  diameter,  and  on  these  the  platinum  crucible  was 
laid,  and  then  heated  very  gently  by  means  of  a  small  flame  applied  to 
the  external  nickel  crucible.  The  evaporation  proceeded  rapidly 
and  with  little  spirting,  although,  as  a  precautionary  measure,  the  lid 
of  the  crucible  was  kept  in  position  during  the  operation.  There  was 
no  difficulty  in  weighing  the  residue  of  barium  acetate  as  such  ;  but 
to  secure  uniformity  in  the  results  the  acetate  was  always  converted 
into  sulphate  by  the  addition  of  concentrated  sulphuric  acid,  the  excess 
of  which  was  driven  off  in  the  same  manner,  a  larger  flame  being  of 
course  employed.  The  crucible  containing  the  dry  sulphate  was  finally 
heated  directly  by  means  of  a  Teclu  burner. 

As  examples  of  the  agreeaient  obtained  in  the  conversion  of  the 
acetate  into  sulphate,  we  may  take  the  following.  Two  solutions, 
which  on  evaporation  yielded  residues  of  1*0961  and  1*2522  grams  of 
acetate,  gave  quantities  of  barium  sulphate  corresponding  with  1*0969 
and  1*2523  grams  of  the  acetate  respectively.  The  evaporation 
of  the  solution,  conversion  into  sulphate,  and  ignition,  did  not  by  this 
method  occupy  more  than  an  hour. 

It  was  soon  apparent  after  we  had  begun  the  solubility  estimations 
that  a  time  of  contact,  which  would  have  ensured  saturation  in  the 
case  of  most  substances,  was  quite  insufficient,  in  the  case  of  barium 
acetate,  to  bring  about  equilibrium  between  the  solid  and  solution. 
At  low  temperatures,  the  equilibrium  between  the  solution  and  the 
trihydrate  is  established  with  moderate  rapidity,  but  in  the  range 
of  temperature  including  the  transition  points,  and  some  way  on 
either  side,  a  considerable  amount  of  difficulty  was  experienced  in 
obtaining  saturated  solutions. 

For  example,  at  16°  the  monohydrate  after  1*5  hours  gave  a 
solubility  of  69*0  parts  of  anhydrous  salt  in  100  parts  of  water. 
After  24  hours,  the  solubility  obtained  was  69*3,  and  after  48  hours, 
69*2.  The  solution  was  thus  practically  saturated  after  one  and  a 
half  hours'  contact  with  constant  stirring.  On  the  other  hand,  at 
41*8°  the  anhydrous  salt  after  three  hours'  stirring  gave  a  solubility 
of  76*7,  which  rose  after  24  hours  to  78*0.  In  every  doubtful  case 
we  repeated  our  determinations  of  the  solubility  with  constantly 
increasing  times  of  contact  until  we  obtained  sufficiently  concordant 
results.  The  following  method  gave  good  results  for  the  anhydrous 
salt,  with  which  we  experienced  most  difficulty.  A  stock  solution 
was  prepared  containing  about  60  parts  of  anhydrous  salt  dissolved 
in  100  parts  of  water.  This  solution  was  heated  at  a  temperature  some- 
what above  that  at  which  the  determination  was  to  be  made,  and 
then  mixed  with  finely  powdered  anhydrous  salt  also  heated  at  the 
same  temperature.  The  solid  and  solution  were  vigorously  stirred 
for  about  four  hours,  after  which  a  fresh  quantity  of  finely  powdered 
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solid  was  introduced  and  the  stirring  continued  for  another  hour. 
This  seemed  in  every  case  to  bring  about  saturation.  In  the  majority 
of  cases,  parallel  experiments  were  conducted  with  three  bottles  of 
solution  in  the  thermostat  in  order  to  assure  ourselves  that 
equilibrium  had  been  attuned.  In  one  of  the  bottles,  the  solid 
used  was  the  trihydrate,  in  another  the  raonohydrate,  and  in  the 
third, the  anhydrous  salt.  For  instance,  at  39*6°,  solutions  saturated 
with  the  monohydrate  as  original  solid  gave  a  mean  value  for  the 
solubility  of  77'6  ;  solutions  which  were  saturated  from  the  trihydrate 
gave  77"9,  and  solutions  saturated  from  the  anhydrous  salt  gave  78*2. 
Here  the  general  mean  value  of  7 7 "9  certainly  represents  the  true 
equilibrium  concentration  with  close  approximation. 

The  following  table  gives  our  results  for  the  solubility  at  different 
temperatures,  each  value  being  the  mean  of  several  concordant  experi- 
ments. We  are  indebted  to  Mr.  F.  G.  Young  for  the  determinations 
at  the  four  highest  temperatures  : 

Solid  in  equilibrium 
with  solution. 

Ba(C2H302)2,3H20 


Ba(C,H30.,)2,H20 


Temperature 
0-3° 

Parts  Ba(C2K30o)o 
in  100  parts  of  water. 

58-8 

7-9 

61-6 

17-5 

69-2 

21-6 

72-8 

24-1 

78-1 

26-2 

76-4 

30-6 

751 

350 

75-8 

39-6 

77-9 

40-5 

790 

41-5 

78-7 

44-5 

77-9 

51-8 

76-5 

63-0 

74-6 

730 

73-5 

84-0 

740 

99-2 

74-8 

Ba(C2H302)2 


When  these  results  are  exhibited  in  curve  form  (p.  180),  it  is  seen 
at  once  that  we  are  dealing  with  three  distinct  curves,  which  intersect 
at  points  agreeing  with  the  transition  points  determined  by  the 
dilatometer.  Thus  the  curves  for  the  two  hydrates  evidently  cut 
each  other  at  a  temperature  between  24°  and  25°,  corresponding  with 
the  transition  point,  24  7°,  previously  found.  Again,  the  curves  for 
the  monohydrate  and  anhydrous  salt  intersect  at  about  41°,  in 
accordance  with  the  estimate  already  given. 
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We  made  several  attempts  to  obtain  points  on  the  curves  in  the 
metastable  region  beyond  the  transition  points,  but  only  met  with 
success  in  the  case  of  the  lower  transition  temperature.  At  26*1°, 
that  is,  about  1*4°  above  the  first  transition  point,  the  transformation 
of  trihydrate  into  monohydrate  is  comparatively  slow,  so  that  if 
the  pure  trihydrate  is  taken  as  the  original  solid,  it  is  possible  to 
obtain  a  solution  considerably  more  concentrated  than  that  corre- 
sponding with  the  number  76'3,  which  is  the  solubility  of  the  stable 
monohydrate  at  this  temperature.  Thus  the  trihydrate  after  contact 
for  three  and  five  hours  gave  the  solubilities  81*8  and  83*4  respec- 
tively, but  after  22  hours'  contact  the  solubility  had  sunk  to  79-4. 
If  we  take  the  maximum  number,  83  4,  to  represent  the  solubility  of 
the  metastable  trihydrate,  we  find  that  in  reality  it  falls  on  the  pro- 
longation of  the  trihydrate  curve,  as  shown  by  the  dotted  line  in  the 
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We  were  at  first  unable  to  secure  a  point  on  the  monohydrate 
curve  below  the  transition  temperature,  but  at  last  succeeded  by 
employing  the  following  device.  A  porcelain  mortar  containing  some 
finely  powdered  anhydrous  salt  was  heated  in  a  thermostat  at  22°,  and 
into  this  was  introduced  about  1 5  c.c.  of  a  clear  saturated  solution 
of  barium  acetate  at  the  same  temperature.  When  intimately  mixed 
with  this  solution  by  means  of  a  pestle,  the  anhydrous  salt  was  seen 
to  dissolve  freely,  and  after  a  few  minutes  the  liquid  suddenly  began 
to  deposit  tine  crystals  of  the  monohydrate.  It  was  then  rapidly  filtered 
and  the  concentration  of  the  resulting  solution  ascertained.  It  was 
noticed  that,  before  the  analysis  was  made,  the  filtered  solution  deposited 
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a  considerable  quantity  of  the  crystals  of  the  trihydrate,  thus  showing 
that  it  had  been  supersaturated  with  respect  to  the  trihydrate.  The 
number  obtained  for  the  Folubility  was  81*0,  which,  it  will  be  observed, 
lies  accurately  on  the  prolongation  of  the  monohydrate  curve  below 
the  transition  point. 

KrasnickVa  RtatUts. 

It  has  already  been  mentioned  that  Krasnicki  obtained  results  for  the 
solubility  of  barium  acetate  which  he  was  able  to  express  with  great 
accuracy  by  means  of  a  single  formula,  that  is,  by  a  single  curve.  In 
order  to  show  to  what  extent  his  results  differ  from  our  own,  we  have 
plotted  his  curve  alongside  those  which  give  expression  to  our  ex- 
perimental data.  Krasnicki  makes  no  mention  of  the  trihydrate,  but 
states  that  barium  acetate  crystallises  with  one  molecule  of  water, 
which  it  loses  at  150°.  His  solubility  experiments  were  apparently 
all  conducted  with  the  monohydrate  as  solid.  For  the  attainment  of 
equilibrium  he  allowed  only  from  one  to  one  and  a  half  hours'  shaking. 
In  view  of  our  own  experience,  this  is  altogether  insuflficient  for  the 
establishment  of  equilibrium  at  temperatures  above  20°.  Below  that 
temperature,  the  results  agree  moderately  well,  above  that  tempera- 
ture there  is  no  further  agreement  except  at  about  47°,  where  the  two 
curves  intersect.  It  is  remarkable  that  Krasnicki  should  have  obtained 
concordant  results  from  experiments  made  by  heating  and  also  by 
cooling  solutions  to  the  temperature  at  which  saturation  was  desired, 
and  further  that  his  experimental  results  should  diverge  from  those 
calculated  from  his  formula  by  less  than  O'l  per  cent,  in  every  case. 

In  order  to  test  in  a  simple  way  between  Krasnicki's  results  and 
our  own,  we  saturated  a  solution  at  100°,  filtered,  and  allowed  the 
clear  solution  to  cool  slowly.  According  to  Krasnicki's  curve,  no 
solid  would  be  deposited  until  the  solution  had  cooled  to  at  least  40°, 
and  when  once  the  solid  had  appeared,  its  quantity  would  constantly 
augment  as  the  cooling  proceeded.  According  to  our  curves,  a  small 
quantity  of  solid  should  appear  after  the  solution  had  cooled  only 
slightly,  and  this  should  then  disappear  at  a  temperature  somewhere 
below  60°,  no  further  solid  appearing  until  the  temj)erature  had  fallen 
to  nearly  20°.  What  we  actually  observed  was  that  crystals  appeared 
in  the  solution  when  it  had  cooled  to  84°.  These  crystals  remained 
nndiflsolved  until  the  temperature  had  fallen  to  49°,  at  which  point 
the  solution  again  became  perfectly  clear,  to  remain  so  until  the  room 
temperature  was  attained.  No  trihydrate  had  separated  even  after 
24  hours,  but  the  introduction  of  a  minute  fragment  of  this  substance 
at  once  induced  crystallisation.  This  experiment  alone  shows  that 
Krasnicki's  results  for  the  higher  temperatures  are  invalid. 
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Summary, 


Dilatometric  and  solubility  experiments  show  that  the  transition 
temperature  from  Ba{C2H302)2,3H20  to  Ba(C2H302)2,H20  is  24-7°, 
and  that  the  transition  temperature  from  Ba(C2H302)2>H2^  ^^ 
BaCC^HaO,),  is  41°. 

The  solubility  is  not  expressed,  as  Krasnicki  found,  by  a  single 
curve  concave  to  the  temperature  axis,  but  by  three  independent 
curves,  convex  to  the  temperature  axis,  and  intersecting  at  the 
transition  points.  The  curve  for  the  monohydrate  shows  a  minimum 
at  about  30°,  and  the  curve  for  the  anhydrous  salt  a  minimum  at 
about  75°. 

University  College, 
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XVI. — The    State    of    Carbon     Dioxide    in     Aqueous 

Solution, 

By  James  Walker. 

When  carbon  dioxide  is  dissolved  in  water,  a  portion  is  converted 
into  carbonic  acid,  HgCOg  ;  and  from  the  conductivity  data  of  Knox 
(Ann.  Phys.  Chim.,  1895,  54,  44)  and  Walker  and  Cormack  (Trans., 
1900,  77,  8)  it  appears  that  the  acid  accurately  obeys  Ostwald's 
dilution  law. 

Reasoning  on  the  assumption  that  the  amount  of  carbonic  acid, 
dissociated  and  undissociated,  was  proportional  to  the  amount  of  un- 
changed carbon  dioxide  in  the  solution,  I  showed  that  Ostwald's 
dilution  law  would  not  hold  good  for  the  range  of  dilution  investigated, 
unless  the  proportion  of  the  carbonic  acid  to  the  carbon  dioxide  were 
greater  than  one-fourth,  and  assumed  that  the  same  result  would 
follow,  at  least  for  moderate  dilutions,  on  the  more  probable  hypothesis 
that  the  amount  of  undissociated  carbonic  acid  only  was  proportional 
to  the  unchanged  carbon  dioxide. 

Professor  Abegg,  of  Breslau,  who  has  worked  at  the  similar  problem 
of  the  state  of  ammonia  in  aqueous  solution,  kindly  drew  my  attention 
to  the  fact  that,  on  the  second  assumption,  the  deduction  is  not  valid. 
The  true  dilution  law  for  such  a  case  may  be  deduced  simply  from 
the  law  of  mass  action  without  neglect  of  terms  as  follows. 

Consider  1  gram-mol.  of  carbon  dioxide  dissolved  in  water,  so 
as  to  form  v  litres  of  solution.      Let  a  *  number  of  gram-mols,  of 
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unchanged  CO, ;  b  —  number  of  gram-mols.  of  undissociated  HjCOg ; 
m  "  number  of  gram-mols.  of  dissociated  HjCOj  ;  then 

a   +   6   +   7?i   =    1 (1) 

For  the  "equilibrium    between   COg  and   undissociated  H2CO3,  we 

have,  accjrding  to  Guldberg  and  Waage's  law,   —  =r  -  »    where  r  is 


a  constant,  or  6  = 


V  V 

a 
r 


Equation  (1)  therefore  becomes 


and 


a  a 

o  +  —  +  7?i  =  1 ,  or  ;( 1  +  r)  =  1  —  m , 


a        1  ~m 
h=  -    =-r-— (2) 

r         1 +r  ^  ' 


For    the   equilibrium    between   the    undissociated   and    dissociated 
H^COg,  we  have,  according  to  the  same  law, 

\   V   /  V 

where  U  is  a  constant.     Substituting  the  value  of  h  in  (2),  we  obtain 

/  m  \2  1  -m 

\v)    =^(l+r)i;' 


or 

Wi2  1 


(l-m)v       1+r 


i' (3) 


Since  both  r  and  U  are  constant,  equation  (3)  expresses  Ostwald's 
dilution  law, 

AT>2 


(1  -m)v 

in  which  Tz  is  the  apparent  dissociation  constant  found  from  measure- 
ments of  the  cjnductivity  (compare  Walker  and  Cormack,  loc.  cit., 
p.  10).  The  constant  Iz  is  the  real  dissociation  constant  of  carbonic 
acid,  and  is  related  to  k  by  the  equation 

A;'  =  (1  +  r)k, 

1  -hr  being  the  constant  ratio  of  the  total  non-ionised  substance  to  the 
non-ionised  but  hydrated  acid.  For  dilutions  at  which  the  degree  of 
dissociation  is  small,  this  relation  is  identical  with  that  previously 
given  (Walker  and  Cormack,  loc.  cit.,  p.  13). 

It  is  evident  from  this  that  no  conclusion  can   be  drawn  as  to  the 
degree  of  hydration  of  carbon   dioxide  (or  any  similar  substance)  in 
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aqueous  solution  from  the  mere  fact  that  Ostwald's  dilution  law  is 
obeyed,  for  the  law  of  mass  action  leads  to  this  relation  whatever  may 
be  the  degree  of  hydration. 

University  College, 
Dundee. 


XVII. — Qualitative   Separation    of  Arsenic,   Antimony, 

and  Tin. 

By  James  Walker. 

The  following  method  for  the  separation  of  arsenic,  antimony,  and  tin 
has  been  tested  for  more  than  a  year  in  my  laboratory,  and  has  been  found 
to  give  good  results  in  the  hands  of  moderately  careful  workers.  It 
differs  from  the  ordinary  methods  chiefly  in  this,  that  the  tin  is  first 
separated  from  the  arsenic  and  antimony,  instead  of  being  left  as  a 
residue,  which  frequently  escapes  detection  if  the  tin  was  originally 
present  in  small  quantity.  As  an  alternative  method,  therefore,  it 
may  be  found  of  service  in  many  cases. 

If  the  sulphides  of  arsenic,  antimony,  and  tin  are  dissolved  in 
caustic  soda,  and  if  the  solution  thus  obtained  is  boiled  with  sodium 
peroxide,  the  sulphides  pass  ultimately  into  sodium  arsenate,  anti- 
monate  and  stannate.  Now  stannic  acid  is  a  much  feebler  acid  than 
either  arsenic  or  antimonic  acid — so  feeble,  indeed,  that  it  is  incapable 
of  forming  in  solution,  a  stable  salt  with  a  weak  base  like  ammonia. 
If,  therefore,  a  solution  containing  sodium  stannate  is  boiled  with 
excess  of  ammonium  chloride,  double  decomposition  occurs,  and  the 
ammonium  stannate  which  is  produced  decomposes  with  evolution  of 
ammonia,  stannic  acid  (stannic  hydroxide)  being  at  the  same  time 
precipitated.  The  sodium  salts  of  arsenic  and  antimonic  acids  are 
not  decomposed  by  ammonium  chloride  in  this  way,  so  that  advantage 
may  be  taken  of  this  difference  in  order  to  effect  a  separation  of 
tin  from  arsenic  and  antimony.  The  separation  is  not  quantitative, 
as  a  little  antimony  is  usually  found  in  the  tin  precipitate,  but  for 
qualitative  purposes  it  is  perfectly  satisfactory.  No  trouble  has  been 
experienced  from  the  formation  of  insoluble  sodium  metantimonate. 

In  order  that  the  arsenic  group  may  be  in  a  state  suitable  for 
treatment  with  sodium  peroxide,  caustic  soda  (or  potash)  should  be  used 
The  fe^*'  ^^®  separation  of  the  sulphides  of  the  copper  from  those  of 
the  law  5^^  group.     In  connection  with  this,  the  following  points  have 

Consider  ^1  firstly,  stannous  sulphide  is  often  very  imperfectly 
as  to  form  v  ?®  caustic  alkali.     This  difficulty  may  be  overcome  by 


ARSENIC,   ANTIMONY,   AND  TIN.  185 

addiDg  a  few  drops  of  yellow  ammoDium  sulphide  to  the  caustic  alkali 
used  in  treating  the  mixed  sulphides.  The  accumulation  of  sulphur  in 
the  filtrate,  which  occurs  when  ammonium  sulphide  alone  is  employed 
in  the  separation,  is  thereby  avoided,  and  subsequent  operations  are  in 
consequence  simplified.  Secondly,  mercuric  sulphide  readily  dissolves 
in  CAustic  soda  when  sulphides  of  the  arsenic  group  are  present.  This 
solvent  action  is  caused  by  excess  of  caustic  soda  reacting  partially  with 
the  sodium  thio-salts  of  the  arsenic  group  to  form  sodium  sulphide,  in  a 
solution  of  which  mercuric  sulphide  is  freely  soluble.  When  such  a 
solution,  however,  is  boiled  with  sodium  peroxide,  the  sodium  sulphide 
is  oxidised  to  sodium  sulphate,  and  the  mercuric  sulphide  is  repre- 
cipitated.  Details  of  the  actual  operations  are  given  in  the  following 
paragraphs. 

Separation  and  Oxidation  of  the  Arsenic  Grouj). — The  precipitate 
of  mixed  sulphides  is  diluted  with  a  little  water  in  a  porcelain  basin, 
and  caustic  soda  solution  is  gradually  aJded  to  the  hot  liquid  until  no 
more  precipitate  seems  to  dissolve,  any  large  excess  of  caustic  soda  being 
avoided.  Three  or  four  drops  of  yellow  ammonium  sulphide  solution 
ere  then  added,  and  the  liquid  boiled  until  it  no  longer  smells  of 
ammonia.  The  solution  is  now  diluted  with  warm  water,  and  the 
copper  group  precipitate  filtered  off  and  washed. 

The  filtrate  contains  the  arsenic  group  and,  possibly,  mercury.    After 
further  dilution,  it  is  heated  to  the  boiling  point  in  a  porcelain  basin, 
■and  sodium  peroxide  gradually  added  in  small  quantities  to  the  gently 
boiling  solution  until  there  is  a  permanent  effervescence  of  oxygen, 
«howing  that  excess  of  peroxide  is  present.     If  mercury  was  contained 
in  the  alkaline  solution,  it   now  appears  as  a   black   precipitate   of 
mercuric  sulphide,  which  is  filtered  off  and  tested  separately.     The 
filtrate  then  contains  only  sodium  arsenate,  antimonate,  and  stannate. 
Separation   of  Tin    from  Antimony   and   Arsenic. — The   filtrate   is 
transferred  to  a  beaker  and  gently  boiled  after  the  addition  of  solid 
ammonium  chloride ;  this  salt  must  be  in  considerable  excess,  about 
three  times  the  bulk  of  the  sodium  peroxide  employed  being  gener- 
ally sufficient.     If  tin  is  present,  it  separates  as  a  white,  gelatinous 
precipitate.      A  further  amount  of   ammonium  chloride  is  added  to 
■see   if    the    precipitate   increases   in   bulk,   and   boiling   is  continued 
for  about  five  minutes  in  order  that  the  precipitate  may  coagulate^ 
after  which  it  is   collected.     Greatly    prolonged    boiling   is   inadvis- 
able, as  the  liquid  then  filters  rather  slowly.     The  precipitate  should 
be  washed  with  warm  water  containing  in  solution  a  little  ammomuu> 
chloride. 

Confirmation  of  Tin. — The  precipitate  is  dissolved  on  the  filter  i» 
a  few  drops  of    warm  concentrated   hydrochloric  acid,  a  solution  of 
stannic  chloride  being  thereby  produced.     A  portion  of  the  solutioi* 
VOL.   LXXXIII.  O 
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may  then  be  tested  with  sulphuretted  hydrogen,  which  gives  a  yellow 
precipitate  of  stannic  sulphide.  The  remainder  of  the  solution  should 
be  reduced  from  the  stannic  to  the  stannous  state,  this  operation 
being  best  effected  by  means  of  iron  as  recommended  by  Bloxim. 
Zinc  is  so  strongly  electropositive  that  it  not  only  reduces  the 
stannic  compound  to  the  stannous  state,  but  precipitates  metallic 
tin.  Copper,  on  the  other  hand,  cannot  precipitate  the  metal,  being 
electronegative  to  tin,  but,  in  consequence,  the  reduction  to  the 
stannous  state  is  slow.  Iron  is  intermediate  between  these  two 
metals,  being  close  to  tin  in  the  electrochemical  list,  and  slightly 
positive  to  it.  It  therefore  easily  reduces  stannic  to  stannous  tin,  but 
does  not  readily  precipitate  metallic  tin  from  the  acid  stannous 
solution.  In  effecting  the  reduction,  the  stannic  solution,  strongly 
acidified  with  hydrochloric  acid,  is  heated  to  the  boiling  point  with 
the  iron.  At  first  the  solution  assumes  a  yellow  colour,  owing  to  the 
formation  of  ferric  chloride,  but  this  colour  disappears  in  a  few 
moments  and  the  reduction  of  the  stannic  compound  proceeds. 
Unless  iron  filings  are  known  to  be  pure,  it  is  inadvisable  to  use  them  for 
the  reduction.  Iron  wire  acts  well,  though  somewhat  slowly.  If  rapid 
reduction  is  required,  reduced  iron  (Jerrum  redactum)  may  be  employed. 
With  reduced  iron,  the  operation  does  not  take  more  than  a  minute  ; 
with  iron  wire,  the  solution  should  be  allowed  to  stand  for  five  minute?. 
After  the  excess  of  iron  has  been  removed,  by  filtration  if  necessary, 
one  portion  of  the  solution  is  treated  with  sulphuretted  hydrogen, 
which  gives  a  brown  precipitate  of  stannous  sulphide,  and  the  remainder 
is  tested  with  mercuric  chloride.  Ammonium  molybdate  cannot,  in 
this  case,  be  used  to  detect  the  stannous  compound,  as  a  blue  coloration 
is  sometimes  produced  even  when  tin  is  absent. 

Separation  of  Antimony  and  Arsenic. — The  filtrate  from  the  tin 
precipitate  contains  arsenic  and  antimony  in  the  form  of  arsenate  and 
antimonate  respectively.  These  may  be  separated  by  Bunsen's  method 
by  means  of  sulphuretted  hydrogen  as  follows.  The  solution  is 
acidified  with  hydrochloric  acid  and  warmed  until  oxygen  ceases  to  be 
evolved.  It  is  then  cooled  and  treated  with  a  rapid  current  of 
sulphuretted  hydrogen.  Antimony,  if  present,  is  at  once  precipitated 
as  an  orange  or  golden-yellow  sulphide,  which  may  be  filtered  off  and 
confirmed  in  the  ordinary  way.  To  the  filtrate,  which  ought  to  smell 
feebly  of  sulphuretted  hydrogen,  a  few  drops  of  sodium  thiosulphate 
solution  are  added,  and  the  solution  is  warmed  until  a  precipitate 
begins  to  separate.  Sulphuretted  hydrogen  is  than  passed  through 
the  solution.  If  the  precipitate  which  separates  is  white,  it  consists 
merely  of  sulphur ;  if  bright  yellow,  it  contains  arsenioua  sulphide, 
which   may   be  filtered  off   and  confirmed  in  the   ordinary  manner, 
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Sometimes  the  yellow  precipitate  of  arsenious  sulphide  is  produced  on 
warming  with  the  sodium  thiosulphate,  but  its  quantity  is  usually 
increased  by  subsequent  treatment  with  sulphuretted  hydrogen. 
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XVI II. — A    Reagent  for  the   Identification   of   Urea 
and  Certain  other  Nitrogen  Compounds. 

By  Henry  J.  Horstman  Fknton,  F.R.S. 

A  CONSIDERABLE  number  of  new  derivatives  of  methylfurfural  have 
recently  been  described  in  communications  to  the  Society  by  Miss 
Gostling  and  the  author  (Trans.,  1899, 75,  423,  1901,  79,  807,  &c.).  The 
starting  point  for  the  preparation  of  these  compounds  is  the  broaio- 
derivative,  OICH-C^H.^O'CH^BrjOr  the  corresponding  chloro-derivative  ; 
these  compounds  are  easily  obtained  by  the  action  of  the  dry  halogen 
acids  on  ketohexoses  or  on  cellulose. 

Amongst  the  various  compounds  obtained  from  these  derivatives,  a 
condensation  product  was  described  having  the  formula  Cj^HgO^,  the 
constitution  of  whicii  is  still  under  investigation,  but  which  would 
appear,  from  the  evidence  so  far  obtained,  to  be  either  methyl-furil, 
C.HgO-CO-CO-C^HgO-CHg,  the  dialdehyde,  CH2(C^H20-CH:0)„  or 
the  ketonealdehyde,  OICH'C^H^O-CO-C^H.p-Cffg. 

[The  second  formula  is  perhaps  the  least  probable  owing  to  the 
striking  difference  in  properties  between  this  compound  and  the  dial- 
dehyde OICH-C^HgO-CH^-CHg-C^H^O-CHIO  previously  described,  loc, 
cit.,  1901,  812.] 

This  compound  crystallises  in  long,  transparent,  pale  yellow 
needles  which  melt  at  117°;  it  dissolves  sparingly  in  hot  water 
and  is  easily  soluble  in  chloroform  or  hot  benzene,  alcohol,  and  other 
organic  solvents.  It  gives  very  beautiful  colour  reactions  with  certain 
nitrogen  compounds  and  the  colours  produced  are  so  intense  that  the 
reactions  afford  extremely  delicate  tests  for  these  compounds. 

If  the  reagent  be  ground  together  with  urea  and  the  mixture  treated 
with  phosphorus  oxychloride,  acetyl  chloride,  or  dry  hydrogen  chloride, 
a  beautiful  Prussian  blue  colour  is  developed.  In  using  -the  reaction 
as  a  test  for  urea  the  solids  are  well  mixed  together,  or  if  the  sub- 
stance to  be  examined  is  in  solution  it  is  mixed  with  an  alcoholic 
solution  of  the  reagent  and  evaporated  to  dryness  on  the  water-bath. 

O  2 
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The  phosphorus  oxychloride  (or  other  agent  mentioned)  may  con* 
veniently  be  dissolved  in  an  appropriate  solvent,  such  as  light  petr- 
oleum, glacial  acetic  acid  or  benzene. 

When  applied  in  this  manner,  the  reaction  is  so  delicate  that  even 
0*1  mm.  of  urea  gives  a  strongly  marked  colour  and  it  is  easy,  with 
care,  to  detect  O'Ol  mm.  or  less. 

Monomethyl  urea,  monoethyl  urea,  and  monophenyl  urea  all  give 

NH'CO 
exactly  similar  reactions.     Allantoin,  C0<'  '  r^r^-KiTT  »    ^®* 

IN  il'CrL'JN  JbL'OU-M  Jig 

haves    similarly,   but    the   colour    appears    more  slowly,   and    biuret, 

NHg'CONH'CONHg,  gives  only  a  faint  blue  colour  on  long  standing. 

Urethane,  NHg'CO'OEt,  develops  an  intense  coloration  which  is  blue 
by  reflected  and  red  by  transmitted  light.  Sodium  carbamate  behaves 
similarly.  The  colour  obtained  with  urethane  is  also  immediately 
produced  even  when  aqueous  hydrogen  chloride  is  used  as  the  con- 
densing agent. 

No  trace  of  a  blue  coloration  was  obtained  with  any  of  the  fol- 
lowing :  «?/m.diphenylurea  NHPh'CO'NHPh,  wTisym.dimethylurea, 
NHg-CO-NMog,  monoacetylurea,  acetylmethylurea,  NHAcCO'NHMe, 
oxaluric  acid,  NHgCO'NH'CO'COoH,  uric  acid,  alloxan,  parabanic  acid, 
cyanuric  acid,  cyanamide,  formamide,  acetamide,  acetanilide,  oxamide, 
succinamide,  benzamide,  semicarbazide,  and  glycine,  although  many  of 
these  substances  decidedly  react  giving  various  shades  of  yellow, 
brown,  &c.     Thiourea  gives  a  slight  greenish  colour. 

The  blue  coloration  obtained  in  the  above-mentioned  cases  is  found 
to  be  due  to  the  formation  of  colourless  bases  which  give,  with  acids, 
salts  having  an  intense  blue  colour.  These  bases  may  be  easily 
separated  by  treating  the  blue  salts  with  moist  barium  carbonate  and 
extracting  with  alcohol ;  the  colourless  solutions  so  obtained  give  the 
blue  colour  at  once  on  treatment  with  aqueous  acids,  but  the  intensity 
of  the  colour  depends  in  a  marked  way  upon  the  '  strength '  and  con- 
centration of  the  acid ;  it  is  most  intense  with  hydrochloric,  hydro- 
bromic,  sulphuric,  and  trichloroacetic  acids,  and  is  only  just  perceptible 
with  acetic  and  tartaric  acids.  Probably  the  affinity  constants  of 
acids  might  be  compared  by  a  study  of  these  effects. 

Preliminary  analyses  of  the  urea  base  indicate  that  it  is  formed  by 
condensation  of  one  molecule  of  the  *  reagent '  CjjHgO^  with  two  mole- 
cules of  urea,  and  if  the  other  bases  are  similarly  constituted,  this  fact 
accounts  for  the  necessity  of  the  NHg  group  in  the  reacting  nitrogen 
compound  as  seen  in  the  above  examples,  since  the  *  reagent  *  contains 
two  carbonyl  groups.  The  power  of  producing  the  blue  colour  would 
appear  to  depend  on  the  basic  or  salt-forming  capabilities  of  the  group 
attached   to   the   CONHg    radicle.      This   would    explain    the    non- 
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formation  of  the  colour  with  acyl  ureas  such  as  acetylurea  or  oxaluric 
acid,  whilst  in  the  case  of  allantoin  the  group  in  question  might 
perhaps  be  expected  to  be  more  basic.  This  *  explanation  '  is  really 
only  a  suggestion,  and  in  the  case  of  urethane  must  probably  be  of  a 
different  order. 

The  above-mentioned  bases  are  very  easily  oxidised  by  exposure  to 
the  air,  and  at  present  only  a  superficial  examination  has  been  made 
of  thefn,  but  since  they  promise  to  be  of  considerable  interest  it  is 
proposed  to  make  a  complete  study  of  some  of  the  most  typical  ones. 

In  addition  to  the  method  above  mentioned,  the  base  from  urea  has 
been  prepared  in  the  following  way.  The  dry  *  reagent'  is  well 
ground  together  with  a  considerable  excess  (about  three  times  its  weight) 
of  dry  urea  and  the  mixture  heated  over  a  small  flame  until  it  just 
melts.  A  dark  reddish  liquid  results  which  solidifies  on  cooling, 
and  is  dissolved  in  hot  aqueous  alcohol.  Absolute  alcohol,  when  added 
to  the  cooled  solution,  precipitates  a  reddish-yellow,  amorphous  sub- 
stance, which  separates  in  flocks  and  is  then  thoroughly  washed 
several  times  with  the  precipitant.  This  substance,  which  is  nearly 
insoluble  in  absolute  alcohol  or  water,  even  on  boiling,  dissolves 
fairly  easily  in  hot  aqueous  alcohol ;  and  is  precipitated  from  this  solu- 
tion, either  by  water  or  alcohol.  It  is  practically  insoluble  in 
benzene,  chloroform,  ethyl  acetate  and  most  other  organic  solvents. 
Owing  to  the  readiness  with  which  it  is  oxidised  and  also  to  its 
hygroscopic  nature  when  dried,  it  is  difficult  to  manipulate  for 
analysis.  When  dried  in  a  desiccator  under  diminished  pressure,  the 
following  result  was  obtained  : 

0-1643  gave  27-6  c.c.  nitrogen  at  19°  and  739  mm.     N  =  19-19. 
[CjiHgO^-f  2CO(NH2)2-2H20]  requires  N  =  19-44  per  cent. 

When  heated  somewhat  above  100°,  it  becomes  dark  red  and  after- 
wards quite  black  at  about  200°  without  melting.  Its  solutions  in 
acids  have  an  intense  blue  colour  and  show  well-marked  absorption 
bands  in  the  red  end  of  the  spectrum. 

If  in  preparing  this  base  in  the  above  manner,  the  temperature 
becomes  too  high,  or  if  the  heating  be  long  continued,  a  dark  orange- 
red  substance  is  produced  which  is  practically  insoluble  in  any  solvent 
so  far  examined. 

It  was  previously  pointed  out  {loc.  cit.,  1899,  75,  432)  that  this  re- 
agent gives  a  beautiful  green  colour  with  aniline  acetate.  This  colour  is 
produced  on  simply  mixing  the  solutions,  without  the  use  of  any 
condensing  agent.  Further  inquiry  shows  that  this  behaviour  is 
characteristic  of  all  primary  aromatic  and  alkyl  amines,  similar 
intense  green   colorations    being   obtained  with   o-   and  ^-toluidines, 
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m-xylidine,  a-  and  j8-naphthylamines,  m-phenylenediamine,  and  also 
with  methylamine  and  ethylamine.  The  last  two,  however,  give  a  less 
intense  colour,  and  the  effect  generally  appears  only  on  warming. 

Diphenylamine  gives  no  colour  when  similarly  treated,  but  it  does 
so  if  a  condensing  agent  such  as  phosphorus  oxychloride  be  added. 

Negative  results  are  obtained  with  dimethylaniline,  pyridine, 
hydroxylamine,  hydrazine,  phenylhydrazine,  and  guanidine. 

This  green  colour  is  also  due  to  the  formation  of  colourless  bases 
which  give  green  salts,  but  in  this  case  the  weaker  acids  give  the 
most  intense  colorations,  excess  of  strong  acid  completely  destroying 
this  effect. 

Most  of  the  expense  incurred  in  carrying  out  the  present  investiga- 
tion has  been  defrayed  out  of  funds  kindly  provided  by  the  Government 
Grant  Committee  of  the  Royal  Society. 


XIX. — Note  on  the  Action  of  Acids  on  Cellulose. 

By  Mildred  Gostling,  B.Sc. 

In  a  previous  communication  (Fenton  and  Gostling,  Trans.,  1901, 
79,  361),  it  has  been  shown  th?it  all  forms  of  cellulose,  when  heated 
to  about  80°  with  a  saturated  solution  of  hydrochloric  or  hydrobromic 
acid  in  chloroform  or  carbon  tetrachloride,  yield  <o-chlorobromo- 
methylfurfural.  It  was  also  shown  (Proc,  1901,  17,  166)  that 
dextrose,  which  could  be  extracted  with  water  after  separation  of  the 
methylfurfural  derivative,  was  formed  at  the  same  time.  These 
results  conclusively  proved  the  presence  of  a  ketose  as  well  as  an 
aldose  nucleus  in  cellulose. 

In  every  case,  about  40  per  cent,  of  a  black  residue  which  retained 
the  fibrous  structure  of  the  original  cellulose  was  also  left  after  the 
action  of  the  acids. 

In  the  hope  of  throwing  further  light  on  the  constitution  of  cellu- 
lose, the  nature  of  this  residue  was  investigated,  and  in  order  to 
ascertain  whether  it  had  a  constant  composition  it  was  necessary  to 
prepare  the  residue  free  from  any  of  the  original  cellulose  by  repeated 
treatment  with  hydrochloric  acid  until  no  more  of  the  furfural  deriv- 
ative was  formed. 

Five  grams  of  pure  cotton  wool  were  introduced  into  a  strong  glass 
bottle  with  a  well-ground  stopper  and  covered  with  about  300  c.c 
of  carbon  tetrachloride,  which  was  then  saturated  with  dry  hydro- 
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chloric  acid  gas'^&t'  0°.  The  stopper  was  firmly  fixed  by  means  of 
an  iron  clamp  and  Wi^  mixture  heated  nearly  to  boiling  in  a 
water-bath  for  4  hours;  on"  COoliug,  the  carbon  tetrachloride  solu- 
tion was  drained  off,  the  residue  washed  well  \vith  elher  and  with 
hot  water,  and  then  dried  in  a  steam  oven.  This  treatment  was 
repeated  until  the  carbon  tetrachloride  solution  contained  no  methyl- 
furfuraK  The  black  residue  so  obtained  was  insoluble  in  all  organic 
solvents  and  retained  the  fibrous  structure  of  the  original  cotton  wool. 

Analysis  gave  C  =  62'31  and  62'51  ;  H  =  4*29  and  4*07  per  cent. 

After  being  once  more  similarly  treated,  the  results  were  C  =  62'21 ; 
H  =  3"68  per  cent. 

Pure  Swedish  filter  paper  was  treated  in  exactly  the  same  way,  and, 
on  analysis,  the  black  residue,  which  retained  the  structure  of  the 
filter  paper,  gave  0  =  6242  and  62*70;  H  =  3-64  and  3-74  per  cent. 

The  ordinary  cellulose  solvents  (cuprammonium  solution,  zinc 
chloride  solution,  and  acetic  anhydride)  have  no  action  on  this 
black  residue*  To  make  sure  that  it  contained  none  of  the  original 
cellulose,  some  of  the  residue  from  filter  paper  was  heated  for  half 
an  hour  with  acetic  anhydride  and  a  few  drops  of  concentrated 
sulphuric  acid.  It  was  then  collected,  washed  free  from  sulphuric 
acid  and  acetic  anhydiide,  dried  at  100°,  and  now  contained  C  =61'72  ; 
H  =  372  per  cent. 

C12H10O5  requires  0  =  61-54;  H  =  4-26  per  cent. 

Some  of  the  black  residue  was  suspended  in  water  and  chlorine 
passed  in  for  some  time ;  the  flask  was  then  closed  and  allowed  to 
stand  for  some  hours  ;  chlorine  was  again  passed  in  and  the  process 
repeated.  The  substance,  which  was  still  fibrous  in  character  after 
repeated  treatment,  acquired  a  bright  yellow  colour,  and  by  means 
of  alcohol  or  ether  a  small  quantity  of  a  bright  yellow  powder 
could  be  extracted.  After  this  extraction,  the  residue  was  again 
subjected  to  the  action  of  chlorine  and  more  of  the  yellow  powder 
obtained,  but  the  action,  being  only  a  surface  one,  was  very  slow. 

Experiments  with  other  solvents  for  chlorine,  such  as  chloroform 
or  carbon  tetrachloride,  were  made,  but  the  action  seemed  to 
take  place  even  more  slowly.  The  yellow  powder  was  purified  by 
dissolving  it  in  dry  ether  and  precipitating  with  petroleum,  and 
several  specimens  were  analysed.  The  percentage  of  chlorine 
(01  =  25  73,  26*1,  26-48,  30-45,  3400,  and  34-35)  increased  as  the 
feubstance  was  repeatedly  treated  with  this  reagent,  the  analyses 
indicating  that  probably  a  mixture  of  chloro-derivatives  is  thus  pro- 
duced, these  substances  being  diflficult  to  sejarate  on  account  of  their 
sparing  solubility  and  uncrystallisable  character, 
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The  action  of  bromine  was  similar,  but  was  even  s]^^^^^,^ 
Nitric   acid    (sp.  gr.    1-2)  and  alkaline^  per;^^^^^^^^^    oxidise  the 
resi'ciu'^  to  oxalic  acid. 

The  original  uiSM  '3^ax^u5  is  quite  insoluble  in  alkalis,  water, 
alcohol,  ether,  and  other  organic  solvents.  The  composition  and 
general  character  of  this  residue  is  therefore  closely  allied  to  the 
substances  known  as  artificial  humus,  obtained  by  Conrad  and 
Guthzeit  {Ber.,  1885,18,439;  1886,  19,  2844),  and  by  Sestini,  by 
the  action  of  dilute  acids  on  sugars.  It  corresponds  most  nearly  with 
sacculmin,  prepared  by  Sestini  by  boiling  cane  sugar  with  dilute 
sulphuric  acid,  and  described  as  a  black,  amorphous  mass,  insoluble  in 
caustic  potash  solution,  &c.,  and  reacting  with  chlorine  to  give  yellow, 
amorphous  chloro-compounds.  Sestini  gives  to  sacculmin  the  formula 
C^^HggOjg  (carbon,  65*5  ;  hydrogen,  4"8  per  cent.),  which  has  a  slightly 
higher  percentage  of  carbon  and  hydrogen  than  that  found  in  the 
black  residue  from  cellulose. 

I  wish  to  express  my  thanks  to  Mr.  Fenton  to  whom  I  am  great^^ 
indebted  for  his  valuable  advice.  \ 

The  expenses  incurred  in  this  work  have  been  defrayed  by  a  grant 
received  from  the  Government  Grant  Committee  of  the  Royal 
Society. 


XX.  — Piirpuroga  llin.     I. 

By  Arthur  George  Perkin,  F.R.S.E.,  and  Alec   Bowrikg   Steven, 

B.Sc.  (Lond.). 

The  oxidation  products  of  pyrogaliol  and  its  derivatives  have  received 
considerable  attention,  for  these  substances  are  not  only  readily 
prepared,  but  show  an  interesting  variation  in  constitution,  less 
frequently  observed  with  other  phenolic  compounds.  Thus  when  air 
is  conducted  through  an  alkaline  solution  of  gallic  acid  in  the  presence 
of  alcohol  (Bohn  and  Graebe,  Ber.,  1887,  20,  2328),  galloflavin  is 
formed,  this  product  bein^  probably  a  pentahydroxyxvnthonecarb- 
oxylic  acid,  whereas  ethyl  gallate  in  the  presence  of  alkalis  gives 
ellagic  acid,  which  is  a  derivative  of  fluorene.  Again,  if  pyrogaliol  is 
treated  with  barium  peroxide  (Harries,  Ber.,  1902,  35,  2955),  hexa- 
hydroxydiphenylene  ketone  is  produced,  and  coJriret  or  tetramethoxy- 
diphenoquinone  is  readily  prepared  by  the  oxidation  of  pyrogaliol 
dimethyl  ether  (Hofmann,  Ber.^  1878,  11,  335).  A  most  interesting 
derivative  of  pyrogaliol  is   purpurogallin,   which,   unlike    the   yellow 
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colourinff  mattelS^P*'®  *'^  explain  their  isomerism  would  have  little  value 
closely  resembling  ah^e^n  further  studied. 

been  recently  studied,  i^^^"*  w>i^^*  ^inc  Du8t.--Fo\ir  grams  of  the 
information  as  to  its  constitutiori;sual  methods,  gave  a  small  quantity 
of  the  reaction  by  which  it  is  formed,  ''.^o^'-^  o"  standing  overnight, 
yet  far  from  complete,  but  as  Harries  {locydt.  -Jfystallised  twice  from 
what  similar  direction,  it  appeared  advisable  to  "^  colourless  leaflets, 
Society.  ^  naphthalene,  with 

By  treating   pyrogallol   in    acid    solution    with    silvJ^^^'^*^®'^   *'^® 
potassium  permanganate  and  sulphuric  acid,  A.  Girard  {Ber.f*-  . 
562)  obtained  a  red  substance,  CooHj^Oq,  which  he  named  purpurogalhn" 
A.  Wichelhaus    (Ber.j    1872,  5,    848),   by   oxidising  pyrogallol    with 
quinone,  obtained  the  same  substance  (pyrogallol  quinone)  and  gave  it 
the  formula  CisHj^O,!,  and  the  constitution  OH-CgH3[0-0-CgH3(OH)2]2. 
H.  Struve  (Aniialen,  1872,  163,  102)   made  the  interesting  discovery 
that  purpurogallin  is  formed  by  allowing  a  mixture  of  pyrogallol  and 
gum  arabic  solutions  to  stand  for  some  hours,  and  he  further  noticed 
that    blood   has   a   similar  effect.     On    repeating   these  experiments, 
Clermont  and  Chautard  (Jahresb.,  1882,  682)  succeeded  in  obtaining  a 
yield  of  67  percent,  of  purpurogallin  by  the  gum  arabic  method.    These 
authors  also  employed  platinum  black  as  oxidising  agent  and  observed 
the  production  of  carbon  dioxide  during  the  formation  of  purpurogallin  ; 
they  describe  a  tetra-acetyl  derivative,  C2oHi20g(C2H30)4,  m.  p.  186°, 
sodium  and  barium  salts,  C2o^i2-^^A'^20^i2^%^9'  ^"^  ^  tetrabromo- 
compound,CoQHj2Br40()(m.  p.  202 — 204°).  With  sulphuric  acid,  purpuro- 
gallin gave  the  compound  C2qHj20jq,  and  by  means  of  hydriodic  acid  a 
mixture  of  substances,  (CioHi4)n,  was  formed.     S.  Hooker  (Ber.,  1887, 
20,  3259)  employed  potassium  ferricyanide  as  the  oxidising  agent,  the 
yield  being  13  to  14  per  cent.,  and  he  also  describes  the  production  of 
purpurogallin  by  the  action  of  potassium  nitrite  on  a  solution  of  gallic 
acid   in  the    cold.     Nietzki  and   Steinmann  (Ber.,   1887,    20,    1277) 
studied  the  formation  of  the  colouring  matter  by  means  of  nitrous  acid> 
and  demonstrated  that  the  substance  they  prepared  was  identical  with 
pyrogallol  quinone  (loc.  cit.).     As  by  distillation  with  zinc  dust  they 
obtained  naphthalene,  it  seemed  evident  that  purpurogallin  contained 
this  nucleus,  and  they  consider    that,  during    the    oxidation  of  the 
pyrogallol,   some  of  the  benzene  nuclei  are  split  up,  and  that   con- 
densation of  the  product  ensues  to  form  this  naphthalene  ring.    Acetyl 
purpurogallin  wsis  again  examined,   and    the    formula  CgoHjgOg  con- 
sidered as  probably  representing  the  colouring  matter  itself. 
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The  action  of  bromine  was  similar,  but  was  even  s). 
Nitric   acid    (sp.  gr.    1-2)  and  alkaline   per;^p^ 
resi'ciu'e  to  oxalic  acid. 

The  origi-na;   ifcck  ys;MuS- U^^^^  rr^^^'^'''^^'"""  "'f?^'^ 
,     I    ,      T  J      ^,  -^  a  yieUl,  as  Hooker  states,  or  about 

alcohol,  ether,    and   other    orf       ,,  "^      ,,    .      ,       ,,.      ,   ,      , 

11         ^         p  .,  .      -  was  thus  obtained;  ultimately,  however, 
general    character  of  tb  .,        ,,    j     c  xr-  .  i  •       a  L  • 

,    ,  ,  ^rous  acid  method  or  Nietzki  and  Steinmann 

substances    known    as  ^  ,  i,  ,    ,-      ,      i   .      „«,. 

Guthzeit  (Ber.,  l^^'  ^^^^^^  g^''"^^  ^^  pyrogallol  dissolved  in  300 
.,  ,-  r  ,!»e  treated  with  8  c.c.  of  glacial  acetic  acid,  the  solution 
the  action  of  d'.        ^  .  ,    ,      ,  i     •  ,     o  ^       ,. 

,    .        aition  or  ice,  and  slowly  treated  with   8   grams  or  sodium 
sacculmiD  ■    .  ,,    -  ,      ,,.  .  m,  .  •  i. 

.Tj  shaking  well  after  each  addition.     The  precipitate  or  purpuro- 

gallin  thus  formed  was  removed  after  an  hour,  and  the  filtrate  allowed 

to  stand  overnight,  as  frequently  a  further  quantity  of  the  colouring 

matter  then  separated.     In  this  manner,  the  average  yield  was  5  grams, 

or  25  per  cent,  of  the  crude   material,  but  occasionally  as   much  as 

6'5  grams  were  thus  isolated. "*■    The  product,  purified  by  crystallisation 

from  acetic  acid  containing  animal  charcoal,  was   found   to  consist,  as 

examination  of  the  mother  liquors  showed,  of  but  one  substance : 

01378  gave  0-3014  COg  and  0  0474  H^O.     C  =  59-66  ;  H  =  3-82. 

C^^HgOg  requires  C  =  6000;  H  =  3-63  par  cent. 

Cgo^IirA      „        C  =  60-00;  H-4-00       „ 
Nietzki  and  Steinmann  found  C  =  60-04  ;  H  =  3-85  per  cent. 

Purpurogallin  forms  orange-red  needles  closely  resembling  alizarin 
in  appearance,  and  is  soluble  in  caustic  alkaline  solutions  with  an 
orange-red  coloration,  which,  owing  to  oxidation,  rapidly  become  deep 
blue  and  finally  of  a  brownish-yellow  tint.  Clermont  and  Chautard  state 
that  the  alkaline  solutions  of  purpurogallin  are  blue,  but  this  is  not  the 
case  ;  and  it  will  be  remembered  that  other  pyrogallol  derivatives  such 
as  myricetin  behave  [similarly  in  that  the  yellow  alkaline  liquid  which 
first  results  subsequently  develops  a  blue  coloration  in  contact  with  air. 
Purpurogallin  melts  at  274 — 275°  with  decomposition.  It  dissolves  in 
sulphuric  acid  with  an  orange-red  coloration,  and  if  heated  at  140°, 
sulphurous  acid  is  slowly  evolved,  with  formation  of  Clermont  and 
Chautard's  compound  C2oHj20io  (1),  which  we  are  at  present  examining. 

Purpurogallin  was  unattacked  by  alcoholic  hydrochloric  acid  at  150° 
for  3  hours.  It  possesses  well-marked  dyeing  properties,  somewhat 
resembling  those  of  alizarin,  but  which  have  not  previously  attracted 
much  notice.    On  mordanted  wool,  the  following  shades  were  obtained  : 

Chromium.  Aluminium.  Tin.  Iron. 

ReddiBh-chocolate-brown.  Brownish-red.      Brick-red         Deep-black. 

•  Preliminary  oxperiments  on  the  electrolysis  of  aqueous  solutions  of  pyrogallol 
containing  potassium  acetate  or  acetic  acid,  kindly  cariied  out  for  us  by  Dr.  F.  M. 
Perkin,  furnished  a  small  quantity  of  orange-brown  substance.  As  this  is  possibly 
purparogallin,  ihe  subject  will  be  further  iuvestigated. 
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«    ,  1    .       .  ',*fmpt8  to  explain  their  isomerism  would  have  little  value 
Could  the  yield  o.    ,         /    lu        ^   j-  j 
-^  been  further  studied. 

pro  a  >  y    ecome  o      ^    .pg^^nij^  xoith  Zinc  Dust, — Four  grams  of  the 

Tetra-acett/(pnrptirogautn>*  ..  ,         .,     ,  ,,  ... 

,    .,.  .,,.,«.        "^  usual  methods,  gave  a  small  quantity 

hoilinc  acetic  anhydride  for  severa.  •      i-j  ,.     j-  •   i^ 

..,«,.  ,        «.  »       .."ii-solid  on  standing?  overnight, 

of   alcohol.     The    product  formed  yellow  -,  ^  ...    j°      .       - 

.  ,     ,        ,        .,     ,  ,      ^,  'crystallised  twice  from 

identical  with  that  described  by  Clermont  and  c    ,       ,       ,       i     n  i. 
„.      _        ,   o.    .  t         1    ^  '^  colourless  leaflets, 

Nietzki' and  Steiumann.     A.cetyl  determinations  ^         i  .i    i  ,.% 

•^  *=*  naphthalene,  with 

"obarated   the 

0-8215  gave  04660  purpurogallin      Found  56  72. 

1-5830     „     0-9020  „  „      56-98. 

C„H^Oj(C2H30)4    requires  CnHgOg  =56-70  per  cent. 

CjoHi,0,(C2H30),       „       C2on,20,  =  70-42       „ 

It  is  evident  therefore  that  the  latter  formula  cannot  be  a  correct 
representation  for  acetylpurpurogallin,  and  calculation  shows  that  no 
acetyl  derivative  of  a  compound  C.2(jHjgO,j  could  give  figures  harmonising 
with  this  result.  Molecular  weight  determinations  ot"  this  compound 
were  therefore  carried  out  by  the  cryoscopic  method,  employing 
naphthalene  as  a  solvent : 

0-4871,  dissolved  in  1475  naphthalene,  gave  At  0*568°.     M  =  407. 
CigHigOg  requires  M  =  388. 

These  results  therefore  indicate  that  purpurogallin,  is  most  probably 
represented  by  the  formula  Cj^HgOg. 

THbtnzoylpurpurogallin  was  prepared  by  Deninger's  method.  One 
gram  of  purpurogallin,  dissolved  in  15  grams  of  pyridine,  was  treated 
with  1 2  grams  of  benzoyl  chloride  and  allowed  to  stand  for  1 2  hours.  The 
mixture  was  washed  with  water,  the  residue  poured  into  alcohol,  and  the 
precipitated  benzoyl  compound  collected  and  purified  by  crystallisa- 
tion from  a  mixture  of  cumene  and  alcohol : 

01285  gave  0-3392  CO2  and  00447  H,0.     0  =  7199;  H  =  3-86. 
Ci,H50j^(07H50)3  requires  0  =  72-18  ;  H  =  3-75  per  cent. 

Tribenzoyl purpurogallin  forms  minute,  colourless  prisms  ;  it  melts  at 
-12 — 213°,  and  is  almost  insoluble  in  alcohol.  When  heated  with 
benzoic  anhydride  at  180°  for  three  hours,  its  melting  point  remained 
unaltered,  and  it  thus  appears  that,  whereas  purpurogallin  gives  a 
tetra-acetyl  compound,  it  does  not  yield  a  tetrabenzoyl  derivative. 

A  molecular  weight  determination  gave  the  following  result : 

0  4769  in  142454  naphthalene  gave  A<  0-421°      M  =  556. 
CggHjoOg  requires  M  =  532. 

Dibromopurpurogalltn  was  prepared  by  adding  1  gram  of  bromine  to 
1  gram  of  purpurogallin  suspended  in  acetic  acid.     After  remaining 
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The  action  of  bromine  was  similar,  but  was  even^&?^^  ^^j  purified  by 
Nitric   acid    (sp.  gr.    1'2)  and  alkaline^  per;-:^^^^^^  ^^  ^j^^  ^^^.^^ 

resi'ciu^a  to  oxalic  acid.  ^  .    ^^  -      ^  as  obtained.     It  melted  at 

The  original    Ji2£<J?   55Sfte'^-^i*;t:/with  the  tetrabromopurpuro- 

alcohol,  ether,    and   other    orr^iiautard     which     requires    G^33'52; 

general    character  of  tl»' 

r 'If  °r'/  B''°°?r  ^^  CO,  and  0-0206  H,0.     C  =  351  ;  H  =  1  -68. 

Guthzeit  (Ber.,  If  ^        ^  .       ^     oi  r^^     t^     ,  ^^ 

the  action  of  ^-^^'^^^  ""^l""^*'  ^  =  ^'^'''^  J  H  =  1-59  per  cent. 

s&cc^^^^tassiumpurpurogallin  is  best  prepared  by  digesting  acetylpur- 
purogallin  with  boiling  alcoholic  potassium  acetate.  Without  appear- 
ing to  dissolve  entirely,  the  substance  is  converted  into  a  mass  of 
minute  needles  which,  when  dry,  have  a  purplish-brown  colour.  It 
was  collected,  washed  with  alcohol,  and  dried  at  160°  : 

0-8732  gave  0-2877  KgSO^.     K  =  14-76. 
1-0090     „     0-3435  K2SO4.     K  =  15-26. 

CjjHyOr^K  requires  K  =  15-11  per  cent. 

It  dissolves  very  sparingly  in  cold  water,  forming  an  orange-yellow 
solution  and  is  decomposed  in  the  boiling  solvent  with  separation  of  a 
colouring  matter  having  the  reactions  of  purpurogallin.  In  this 
respect,  therefore,  this  colouring  matter  differs  from  alizarin,  the 
potassium  salt  of  which  is  stable  under  these  conditions. 

Purpurogallin  Trlmethyl  Ether. — Five  grams  of  purpurogallin  sus- 
pended in  150  c.c.  of  boiling  methyl  alcohol  were  mixed  with  excess 
of  methyl  iodide,  and  treated  during  2  days  with  a  solution  of  10 
grams  of  potassium  hydroxide  in  50  c.c.  of  methyl  alcohol.  This 
procedure  was  considered  necessary  in  order  to  avoid  as  far  as  possible 
the  oxidation  of  the  purpurogallin.  In  the  early  stages  of  the  reaction, 
it  was  interesting  to  note  that  the  crystals  of  the  colouring  matter 
became  transformed  into  a  minute  variety  of  a  somewhat  redder 
colour ;  this  is  probably  the  semi-salt,  CggHj^OjoK,  similar  to  those 
which  have  been  obtained  from  daphnetin,  carminic  acid,  <fec.  (this 
vol.,  p.  129).  The  methylation  product  was  evaporated  to  a  small 
bulk,  poured  into  ether,  the  ethereal  solution  well  washed,  evaporated, 
and  the  residue  purified  by  crystallisation  from  alcohol  in  the  presence 
of  animal  charcoal : 

01121  gave  0-2630  00.^  and  0-0545  H^O.     C  =  63-98;  H  =  5-40. 
CiiHj^05(CH3)3  requires  C  =  64*12  ;  H  =  5-34  per  cent. 

Purpurogallin  triraethyl  ether  forms  long,  orange-yellow  needles, 
sparingly  soluble  in  alcohol.  It  melts  at  174 — 177°  and  is  insoluble 
in  aqueous  alkaline  solutions.  The  average  yield  was  about  10  per 
cent. 
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Acetyl  Derivai^y^V^^  ^^  explain  their  isomerism  would  have  little  value 
one  hydroxyl  which"*\J>®«n  further  studied. 

digesting  it  with  acetic  tiogallin  with  Zinc  Dust.— Yowr  grams  of  the 
was  purified  by  crystallisatiuAKe  usual   methods,  gave  a  small  quantity 

nai-solid  on  standing  overnight. 

0-1160  gave  0-2686  COj  and  00565  R^^r      crystallised  twice  from 

CiiH40j,(CH3)3-CjH30  requires  0  =  63-15  ;  H  -^i  colourless  leaflets, 

It   formed   almost  colourless   needles  melting   at^'^P^^^^'^^®''^' ''''^'* 
sparingly  soluble  in  alcohol.  -ob^rates   the 

Action  of  Potassium  Hydroxide  on  Purpurogallin. — Five  gi  ^ 
purpurogallin  dissolved  in  60  c.c.  of  a  50  per  cent,  aqueous  solution  or 
potassium  hydroxide  were  boiled  for  some  time  in  an  open  flask.  As 
the  liquid  became  more  concentrated,  a  precipitate  (probably  a  potass- 
ium salt  of  purpurogallin)  gradually  separated,  which  disappeared 
when  the  temperature  had  reached  about  170°.  If  a  solution  of  the 
product  in  water  no  longer  developed  a  bluish-green  coloration,  but 
had  a  reddish  tint,  the  melt  was  dissolved  in  much  water,  neutralised 
with  acid,  and  extracted  with  ether.  A  brownish-yellow,  crystalline 
substance  was  thus  isolated,  which  was  dissolved  in  boiling  acetic  acid 
and,  after  treatment  with  animal  charcoal,  the  solution  was  evaporated 
and  diluted  with  hot  water.  On  standing  overnight,  fine,  lemon- 
yellow  needles  separated,  which  were  collected  and  further  purified  in 
a  similar  manner.     The  average  yield  was  1  '3  grams. 

As  distinct  preparations  of  the  substance  gave  fairly  concordant 
numbers  on  analysis  (C  =  60-88  ;  H  =  3-07;  C  =  60-81;  H  =  3*18),  the 
compound  appeared  to  be  pure,  but  since  the  melting  points  of  the 
acetyl  derivatives  obtained  from  these  specimens  did  not  agree,  it  was 
evident  that  this  was  not  the  case.  Crystallisation  from  nitrobenzene 
or  acetic  acid  did  not  effect  a  separation,  but  subsequently,  by  the 
employment  of  alcohol,  two  distinct  substances  were  isolated,  which  it 
is  proposed  to  designate  as  purpurogcdlone  and-  isopurpurogallone. 
Analysis  of  the  former  gave  the  following  result  : 

0-1185,  dried  at  180°,  gave  02620  COj  and  00353  HgO.  C  =  60*29  ; 
H  =  3-30.     CiiHgOg  requires  C  -  6055  ;  H  =  2-75  per  cent. 

Purpurogallone  crystallises  from  alcohol  in  minute,  yellow  needles 
melting  at  262 — 264°,  and  is  more  sparingly  soluble  in  this  solvent 
than  wopurpurogallone.  It  is  soluble  in  alkaline  solutions  with  a 
yellow  coloration,  which,  on  exposure  to  air,  becomes  deep  ciimson- 
red ;  sulphuric  acid  dissolves  it  to  form  a  greenish-yellow  liquid,  which 
nitric  acid  changes  to  orange-red.  With  alcoholic  lead  acetate,  it  gives 
a  yellow  precipitate,  and  with  alcoholic  ferric  chloride  a  deep  brownish- 
black  coloration.  It  reacts  with  alcoholic  potassium  acetate,  forming 
a  sparingly  soluble  potassium  salt,  and  dyes  mordanted  wool  with  the 
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The  action  of  bromine  was  similar,  but  was  even  s),^y  distinct   from 

Nitric   acid    (sp.  gr.    1*2)  and  alkaline    per;;^:^^ 
residue  to  oxalic  acid.  ,,^'^as.  Iron. 

The  original  uh?\  ^aSfte-feC^^I 'SS^ia  yellow.  Deep  chocolate  browa. 
alcohol,  ether,  and  otherj.rr^^._p^jrpurogallone  was  digested  with 
general  character  of  t^^je-^^  f^^^.  ^^^^^^  ^^le  solution,  after  cooling, 
substances  known  "alcohol.  The  crystalline  product  which  separated 
Guthzeit  (Ber.,^  i'e-solution  in  acetic  anhydride,  and  precipitatiou  with 
the  action  of  f*'^ 

sacculmir 

"67  gave  0-2693  CO2  and  0-0353  H,0.     0  =  62-94;  H  =  3-36. 

0-1077     „     0-2501  CO2    „    0-0327  Hp.     0  =  63-33 ;  H  =  3-37. 

0-1136     „     0-2625  002    „    0-0375  H2O.     0  =  63-02 ;  H  =  3-66. 

Oi^H204(02H30)2  requires  0  =  6338  ;    H  =  2-81  per  cent. 

It  formed  colourless,  prismatic  needles,  sparingly  soluble  in  alcohol 
and  melting  at  174 — 176°.  It  will  be  observed  that,  during  the  acetyl- 
atioD,  a  molecule  of  water  is  removed  from  the  purpurogallone.  A 
molecular  weight  determination  gave  the  following  result : 

0-5470  in  13-809  naphthalene  gave  At  088P.     M  =  315. 
OisHgOg  requires  M  =  284. 

iso Purpurogallone  is  more  soluble  in  alcohol  than  the  preceding  sub- 
stance, and  is  usually  obtained  in  larger  quantity.  It  was  fioally 
purified  by  crystallisation  from  acetic  acid  : 

0-1087  gave  02402  OOg  and  0-0285  HgO.     0  =  60-26;  H  =  2-91. 
CiiHg05  requires  0  =  60-55  ;  H  =  2-75  per  cent. 

It  is  obtained  in  yellow,  prismatic  needles,  which  melt  above  300°, 
and  are  sparingly  soluble  in  acetic  acid.  It  is  soluble  in  alkaline 
solutions  with  a  yellow  colour  passing  to  crimson-red  on  oxidation,  and 
in  fact  its  reactions,  so  far  as  these  have  been  determined,  are 
identical  with  those  of  purpurogallone.  Probably  both  compounds 
contain  a  carboxyl  group.  The  acetyl  derivative,  prepared  by  digestion 
with  boiling  acetic  anhydride,  was  obtained  in  the  form  of  minute, 
colourless,  prismatic  needles  very  sparingly  soluble  in  alcohol  and  acetic 
anhydride.     It  melts  at  280—282°  : 

0-1106  gave  02575  OOg  and  00310  H2O.     0  =  63-49  ;  H  =  3-ll. 
CiiH204(02H30)2  requires  0  =  63-38;  H=^2-81  percent. 

As  in  the  case  of  the  purpurogallone  derivative,  the  formation  of 
this  compound  is  apparently  accompanied  by  the  removal  of  a  molecule 
of  water.  Purpurogallone  and  wopurpurogallone  are  thus  identical  in 
composition,  and  except  as  regards  melting  point,  solubility,  and  the 
melting  points  of  their  acetyl  derivatives,  they  have  practically  identical 
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properties.     Attempts  to  explain  their  isomerism  would  have  little  value 
until  the  subject  has  been  further  studied. 

Distillation  of  Pur/mrogalliii  with  Zinc  Dust. — Four  grams  of  the 
colouring  matter,  treate  1  by  the  usual  methods,  gave  a  small  quantity 
of  an  oily  distillate  which  became  semi-solid  on  standing  overnight. 
The  proiuct  was  drained  on  a  porous  tile,  crystallised  twice  from 
ligroin,  and  finally  cautiously  sublimed.  It  formed  colourless  leaflets, 
melted  at  77 — 79^,  and  had  the  characteristic  odour  of  naphthalene,  with 
which  it  was  evidently  identical.  This  result  thus  corroborates  the 
statement  of  Nietzki  and  Steinmann  {loc.  cit.). 

Action  of  Alcoholic  Potash  on  Purpurogallin  Trimethyl  Ether. — The 
ether  was  digested  with  alcoholic  potash  at  170°  for  three  hours.  The 
product  was  evaporated  to  a  small  bulk,  dissolved  in  water,  the  solution 
saturated  with  carbon  dioxide,  and  shaken  with  ether  to  remove  a 
small  quantity  of  a  viscous  substance.  The  aqueous  liquid  was 
acidified,  and  from  this,  by  means  of  ether,  an  acid  was  isolated 
which,  after  recrystallisation  from  alcohol  and  witer,  melted  at 
197 — 199°.  It  is  soluble  in  aqueous  alkalis,  yielding  colourless 
solutions,  and  is  again  precipitated  on  acidification  in  the  form  of 
glistening  needles  ;  with  alcoholic  ferric  chloride,  it  develops  a  very 
pale  olive  coloration.  When  strongly  heated,  it  yields  a  sublimate 
which  is  apparently  an  anhydride,  for  this  melts  at  164 — 166°.  This 
acid  therefore  somewhat  resembles  w-hemipinic  acid,  and  a  quantity  of 
purpurogallin  trimethyl  ether  is  being  prepared  in  order  to  decide  this 
point. 

Oxidation  of  Gallic  Acid  with  Potassium  Ferricyanide. 

As  previously  stated.  Hooker  {loc.  cit.),  by  the  oxidation  of  gallic 
acid  with  nitrous  acid,  obtained  purpurogallin.  With  potassium  ferri- 
cyanide and  gallic  acid  in  aqueous  solution,  no  reaction  of  this  nature 
takes  place,  but  if  some  quantity  of  potassium  or  sodium  acetate  is 
present,  a  gentle  effervescence  ensues.  After  remaining  for  24 
hours,  a  small  quantity  of  a  precipitate  had  formed,  and  the  mixture 
was  then  shaken  with  large  volumes  of  ether  until  the  extract  was 
colourless.  On  evaporating  off  the  ether,  a  crystalline  residue  re- 
mained which  consisted  chiefly  of  gallic  acid,  but  there  was  present  a 
trace  of  a  new  substance  which,  owing  to  its  insolubility  in  cold 
water,  could  be  readily  isolated.  As  this  did  not  lend  itself  to 
crystallisation,  it  was  purified  by  washing,  first  with  glacial  acetic  acid, 
then  with  ether,  and  finally  with  benzene.  The  yield  was  approximately 
three  per  cent. : 

01158  gave  0'2299  OOj  and  0  0332  HgO.     C  =  54-14;  11  =  318. 

01233     „     0-2467  CO2    „    0  0415  H.p.     C-54-56 ;  H-3-73. 

CnH702-CO.^H.  requires  C»54'D4;  H»3  03  per  cent. 
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Thus  obtained,  the  compound  formed  orange-red  needles  closely 
resembling  those  of  purpurogallin  itself,  but  somewhat  smaller ;  it  is 
soluble  in  aqueous  alkalis  to  an  orange-red  solution,  which,  on  standing 
in  air,  becomes  deep  blue  and  finally  brownish-yellow.  This  substance 
does  not  melt  belo^v  330°,  but  gradually  becomes  darker  and  appears 
to  decompose  before  melting;  in  fact,  it  may  be  said,  except  as  regards 
its  very  sparing  solubility  in  all  the  usual  solvents,  to  be  very 
similar  in  general  reactions  to  purpurogallin  itself.  From  the  new- 
substance,  unfortunately,  no  well-defined  derivative  has  yet  been 
obtained ;  thus,  with  bromine,  it  is  only  very  slowly  attacked,  and 
the  product  of  its  reaction  with  acetic  anhydride  cannot  be  readily 
crystallised.  It  readily  dyes  mordanted  fabrics  in  shades  which  very 
closely  resemble,  but  are  somewhat  redder  than,  those  given  by  pur- 
purogallin ;  this  will  be  seen  by  the  following  description  of  the  colours 
produced  on  woollen  cloth  : 

Chromium.  Aluminium.  Tin.  Iron. 

Reddish-brown.  Reddish-puce.     Brick-red.     Brownish-black. 

There  can  be  no  doubt,  therefore,  that  this  substance  is  a  derivative 
of  purpurogallin,  and  taking  into  consideration  its  percentage,  com- 
position and  formation  from  gallic  acid,  there  seems  every  reason  to 
presume  that  it  is  in  reality  a  r)urin(>rogcdlincarboxylic  acid. 


Summary  of  Results, 

The  results  of  this  investigation  indicate  that  the  somewhat  complex 
formula,  CgoHj^Og,  is  not  in  harmony  with  the  molecular  weight  of 
purpurogallin,  which  is  most  probably  represented  as  CjjHgO^.  Con- 
sequently, the  tetra-acety  land  tetrabromo-derivatives,C2oUi209(C2H30)^ 
and  CgoHijBr^Oj),  must  be  considered  to  be  0^  11405(021130)^  and 
CiiHgBr205  respectively,  and  it  is  evident  that  the  composition  of  the 
former  substance  was  quite  inaccurately  represented  in  regard  to  the 
percentage  of  acetyl  groups  it  contained.  It  will  be  observed  that 
purpurogallin  resembles  other  phenolic  dyestuffs  (this  vol.,  p.  129)  in 
forming,  by  means  of  potassium  acetate,  the  salt  OjjH^OgK.  Nietzki 
and  Steinmann's  discovery  that  naphthalene  is  produced  by  distilling 
purpurogallin  with  zinc  dust  has  been  confirmed,  and  although  the 
formation  of  a  naphthalene  derivative  by  oxidising  pyrogallol  is 
exceedingly  remarkable,  the  result  is  a  strong  indication  that  purpuro- 
gallin is  derived  from  this  hydrocarbon.  If  such  is  the  case  one  is 
naturally  inclined  to  suspect  that  this  colouring  matter  contains  a 
jSnaphthaquinone  grouping,  and  that  the  eleventh  carbon  atom  is 
present  in  a  side  chain  which  may  be  an  alcoholic  group.  The  forma- 
tion of  a  tetra-acetyl  derivative  is  apparently  against  a  naphthaquinone 
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oonstitutioD,  but  this  cannot  be  regarded  as  certain  in  the  light  of  the 
fact  that  we  have  as  yet  been  unable  to  prepare  a  tetrabenzoyl  com- 
pound. It  is  interesting  to  note  that,  whereas  lapachol  (Hooker, 
Trans.,  1896,  69,  1355),  an  a-naphthaquinone  derivative,  contains  but 
one  hydroxy  1,  Paterno  (Gazzettat  1889,  19,  006)  has  described  adiacetyl 
compound  of  this  substance,  and  it  is  well  known  that  at  260°  in  the 
presence  of  sodium  acetate,  benzoquinone,  and  acetic  anhydride 
(Sai-auw,  AnncUeHj  1881,  209,  128)  yield  diacetylhydroquinone. 

It  seems  possible  that  the  purpurogallones  contain  respectively  a 
carboxylic  group,  and  that  by  means  of  acetic  anhydride  a  lactone 
group  is  produced,  but  further  work  is  necessary  before  it  will  be 
advisable  to  speculate  f'lrther  as  regards  their  constitution.  The 
investigation  of  the  new  products  described  in  this  paper  is  proceed- 
ing, but  owing  to  the  difficulty  of  preparing  these  in  quantity,  pro- 
gress cannot  be  otherwise  than  slow. 

The  authors  express  their  thanks  to  the  Research  Fund  Committee 
of  the  Chemical  Society  for  a  grant  which  has  been  in  part  employed 
to  cover  the  expenses  of  this  research. 

Clothworkers'  Research  Labokatory, 
Dyking  Department, 

Yorkshire  College. 


XX r. — The     Combincttion    of    Car'bon    Monoxide    with 
Chlorine  under  the  Inflv^nce  of  Light. 

By  Gibson  Dyson  and  Arthur  Harden. 

The  phenomenon  of  photochemical  induction  was  first  observed  by 
Draper  in  1843,  and  was  more  closely  studied  by  Bunsen  and  Roscoe 
in  1857,  by  Pringsheim  in  1887,  and  quite  recently  by  Mellor  and  others, 
a  mixture  of  hydrogen  and  chlorine  being  employed  by  all  these  chemists. 
It  was  therefore  thought  that  the  study  of  the  action  of  light  on 
a  mixture  of  carbon  monoxide  and  chlorine  might  also  be  of  interest, 
particularly  in  view  of  the  fact  that  the  reaction  in  this  case  appears 
to  be  of  a  somewhat  different  chemical  type  from  that  which  occurs 
between  hydrogen  and  chlorine.  In  this  case,  the  progress  of  the 
chemical  change  can,  in  the  absence  of  any  absorbing  liquid,  be 
measured  by  the  contraction  produced,  and,  moreover,  it  is  not  easy 
to  devise  any  series  of  probable  equations  like  those  suggested  by 
Pringsheim  which  shall  express  the  combination  of  these  two  gases  by 
the  aid  of  an  intermediate  product  formed  during  the  induction 
VOL.    LXXXIII.  P 
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period.  The  experiments  were  commenced  in  1893,  and  a  short  note 
was  published  in  the  Proceedings  (1894,  10,  165)  embodying  some  of 
the  results  obtained  up  to  that  time,  and  establishing  the  fact  that  a 
well-marked  period  of  induction  occurs  in  the  combination  of  these 
two  gases  under  the  influence  of  light.  This  has  quite  recently  been 
confirmed  by  Wilderman  {Proc.  Roy.  Soc,  1902,  70,  166)  in  an 
elaborate  investigation  on  the  combination  of  these  gases. 

In  the  present  paper,  a  short  account  is  given  of  the  results  obtained 
in  the  study  of  the  first  stage  of  the  combination. 

Experimental  Details. 

Since  carbon  monoxide  and  chlorine  cannot  be  simultaneously 
prepared  in  equivalent  volumes,  the  method  was  adopted  of  preparing 
the  gaseous  mixture  by  filling  two  vessels  of  the  proper  volume  with 
carbon  monoxide  and  chlorine,  and  allowing  the  gases  to  mix  by 
diffusion. 

The  apparatus  consisted  of  two  horizontal  glass  cylinders  of  about 
108  c.c.  capacity,  connected  with  each  other  by  a  tail  tap  of  5/16-inch 
bore.  One  of  these  was  connected  by  a  similar  tap  with  a  narrow  tube 
to  serve  for  the  introduction  of  various  gases,  and  the  other  with  the 
capillary  limb  of  a  U-shaped  gauge,  the  wide  limb  of  which  had  about 
16  times  the  sectional  area  of  the  narrow  limb.  The  gauge  was 
provided  with  a  tail  tap  at  its  lowest  point,  and  the  wide  limb  was 
connected  with  a  vertical  glass  cylinder  of  100  c.c.  capacity,  closed  by 
a  tap,  by  means  of  which  the  effect  of  variations  in  the  barometric 
pressure  was  excluded.  This  cylinder  and  the  horizontal  cylinders 
were  surrounded  by  glass  jackets,  through  which  a  stream  of  water  at 
a  constant  temperature  was  circulated.  The  gauge  contained  sulphuric 
acid,  or,  in  some  cases,  carbon  tetrachloride,  the  rate  of  combination  of 
the  gases  being  measured  by  the  rise  of  the  liquid  in  the  narrow  limb. 
Equivalence  of  volume  between  the  two  gases  was  obtained  by  adding 
the  necessary  amount  of  drawn-out  glass  rod  to  the  larger  cylinder. 
Preliminary  experiments  showed  that  the  chlorine  and  carbon  monoxide 
contained  in  the  two  horizontal  cylinders  became  uniformly  mixed  by 
diffusion  through  the  bore  of  the  tap  in  about  16  hours,  and  in  the 
actual  experiments  the  gases  were  always  allowed  to  diffuse  for  24 
hours  before  insolation. 

Preparation  of  Gases. — The  carbon  monoxide  was  prepared  by  gently 
heating  pure  sodium  formate  with  pure  sulphuric  acid  diluted  with 
half  its  volume  of  water,  and  was  washed  first  through  strong  caustic 
potash  solution,  and  then  through  two  wash-bottles  containing  con- 
centrated sulphuric  acid.  The  gas  was  evolved  at  a  comparatively  low 
temperature,  and  was  obtained  so  free  from  air  that  100  c.c.  when 
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exposed  to  aiumoniacal  cuprous  chloride  solution  left   only  a  mlDute 
trace  of  residue. 

The  chlorine  was  prepared  from  chlorine  hydrate  as  described  by 
Harker  (Zext.  physikal.  CJteni.y  1892,  9,  673).  The  gas  evolved  from 
liquid  chlorine  was  washed  with  water,  and  then  passed  into  pure 
water  kept  at  4 — 5°  by  a  cooling  mixture  and  constantly  shaken  by 
mechanical  means.  As  soon  as  sufficient  chlorine  hydrate  had  been 
formed,  the  bottle  containing  it  was  placed  in  warm  water,  the  tap  on 
the  supply  tube  closer!,  and  the  delivery  tube  connected  by  a  ground- 
glass  joint  with  a  sealed  system  of  two  wash-bottles  containing 
concentrated  sulphuric  acid.  The  gas  was  then  delivered  to  the  inso- 
lation apparatus  by  means  of  a  plane-faced  glass  joint.  The  chlorine, 
therefore,  after  its  transformation  into  hydrate,  only  came  into  contact 
with  water,  sulphuric  acid,  and  glass,  and  the  whole  operation  was 
carried  out  in  a  darkened  room. 

One  cylinder  of  the  insolation  apparatus  was  first  filled  with 
carbon  monoxide  at  the  temperature  of  the  water-jacket  and  under  the 
atmospheric  pressure  by  p\ssing  a  slow  stream  of  the  gas  for  3  hours, 
and  the  second  cylinder  was  then  filled  with  chlorine  under  similar 
conditions,  the  apparatus  being  in  this  case  supported  in  a  vertical 
pof-ition. 

The  Period  of  Induction. — When  the  mixed  gases  are  exposed  to 
light  the  combination  between  them  exhibits  a  well-marked  period  of 
induction,  the  rate  of  combination  increasing  gradually  to  a  maximum. 
The  induced  gases,  when  subsequently  placed  in  the  dark,  pass  more  or 
less  completely  into  the  non-induced  condition,  so  that,  on  re-exposure 
to  light,  a  second  period  of  induction  is  observed. 

Although  these  phenomena  were  invariably  noticed,  it  was  found 
impossible  to  obtain  mixtures  of  the  gases  on  successive  occasions 
which  showed  exactly  the  same  period  of  induction  or  the  same  final 
>ensitiveness  to  1  ght. 

The  source  of  light  employed  in  these  experiments  was  the  outer  ring 
of  a  50-candle  Argand  gas  burner,  supplied  with  gas  through  a 
^loitessier  pre.-sure  regulator,  the  flame  being  kept  at  a  constant 
height,  and  placed  at  54'7  cm.  from  the  insolation  apparatus.  The 
typical  course  of  the  experiment  was  that  no  change  occurred  at  first; 
and  then,  after  the  lapse  of  a  varying  period,  which  sometimes 
amounted  to  more  than  half  an  hour,  the  liquid  in  the  gauge  began  to 
rise  slowly,  without  any  preliminary  dip,  the  rate  of  this  rise  gradually- 
increasing,  and  finally  becoming  practically  constant.  When  the  light 
was  shut  off,  the  contraction  continued  for  a  short  interval,  and  then 
ceased  entirely.  If  the  gas  were  then  at  once  re-exposed  to  the  light, 
the  recommencement  of  the  action  was  marked  by  an  expansion.  Both 
this  expansion  and  the  contraction  which  occurs  after  the  extinction  of 

p  2 
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the  light  appear  to  be  due  to  the  imperfect  cooling  of  the  gases  by  the 
water-jacket,  the  temperature  of  the  mixture  being  slightly  raised  by 
the  heat  evolved  on  combination.  Both  these  phenomena  are  intensified 
when  the  mixed  gases  are  illuminated  by  a  more  powerful  light,  such 
as  that  from  burning  magnesium  ribbon  or  diffused  daylight ;  they 
are  probably  due  entirely  to  the  heat  produced  by  the  combination, 
and  are  not  in  any  way  specially  characteristic  of  reactions  induced  by 
illumination,  as  was  supposed  by  Recklinghausen  (Zeit.  physikal.  Chem.y 
1894,  14,  491). 

The  following  table  illustrates  the  phenomena  of  induction  (A),  and 
re-induction  after  13  hours  (B).  The  numbers  represent  the  rise  of 
sulphuric  acid  in  the  gauge  during  successive  periods  of  5  minutes.  It 
will  be  observed  that  the  lapse  of  induction  is  by  no  means  complete, 
the  second  period  of  induction  being  much  shorter  than  the  first : 


Exposure     in 
minutes  ... 

5 

10 

15 

20 

25  30     35 

40 

45 

50 

55 

60     65 

70 

A 

0 
1-9 

0 
4-6 

0 
12 

0 
37 

0     0     08 

1-3 

9-9 

20-5 

24-8 

28     31 

377 

B  

Effect  of  Admixed  Gases. — In  order  to  ascertain  the  effect  produced 
on  the  reaction  by  an  excess  of  one  of  the  constituents  of  the  mixture, 
or  any  other  gas,  the  gas  in  question  was  passed  into  the  narrow  tube 
connected  with  the  horizontal  cylinders  and  allowed  to  mix  with  the 
carbon  monoxide  and  chlorine  by  diffusion.  The  capacity  of  this 
portion  of  the  apparatus  was  13*2  c.c,  so  that  the  resulting  mixture 
contained  5*65  per  cent,  of  the  added  gas. 

Carbon  tetrachloride  and  water  vapour  were  introduced  by  saturating 
one  of  the  gases  with  the  vapour  of  the  liquid,  so  that  the  resulting 
mixture  was  half  saturated. 

The  addition  of  air  was  found  to  have  a  definite  specific  effect  on 
the  reaction,  but  the  other  gases  did  not  produce  any  greater  difference 
than  could  be  observed  between  separate  experiments  with  the  normal 
mixture. 

In  the  table  on  p.  205,  the  numbers  represent  tlie  rise  in  mm.  of 
sulphuric  acid  in  the  gauge  during  5  minutes'  exposure. 

The  saturation  of  one  of  the  gases  with  water  vapour  at  10° 
produced  no  marked  change  in  the  course  of  the  reaction. 

The  combination  of  the  gases  takes  place  on  exposure  to  a  bright 
light  even  when  the  mixture  has  been  dried  for  a  long  time  over 
phosphoric  anhydride.  One  sample  was  collected  over  sulphuric  acid, 
sealed  up  in  a  tube  containing  phosphoric  anhydride,  and  then  preserved 
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Qas  added. 

Exposure  in 

minutes. 

Carboiiyl 

Carbon 

Hydrogen 
chloride. 

Carbon  tetra- 

Air. 

chloride. 

monoxide. 

chloride. 

5 

2 

0 

0 

0 

0 

10   . 

9-2 

0 

0 

0 

0-5 

15 

12-8 

0 

1-3 

0 

0-7 

20 

12-8 

0 

6-7 

0 

1-2 

25 

13-8 

3-6 

8-9 

0-9 

2-3 

30 

15-2 

15-1 

8-1 

10 

1-8 

85 

15-3 

20-1 

8-2 

17 

2-5 

40 

— 

20-7 

97 

19-2 

3-6 

45 





9-9 

19-8 

2-4 

50 





11 

22-3 

2-5 

55 

— 

— 

— 

— 

2-5 

for  a  month  in  the  dark.  On  exposure  to  light,  combination  occurred, 
accompanied  by  the  usual  diminution  of  pressure  and  formation  of 
carbonyl  chloride. 

Summary  of  Experimental  Results. 

1.  When  a  mixture  of  carbon  monoxide  with  chlorine,  dried  by 
being  passed  through  sulphuric  acid,  is  exposed  to  light,  a  well-marked 
period  of  photochemical  induction  occurs. 

2.  The  effect  of  induction  slowly  disappears  when  the  exposed  gas 
is  placed  in  the  dark. 

3.  The  period  of  photochemical  induction  is  greatly  diminished  by 
an  admixture  of  air,  but  does  not  appear  to  be  specifically  affected  by 
the  presence  of  carbonyl  chloride,  hydrogen  chloride,  excess  of  carbon 
monoxide,  carbon  tetrachloride  vapour,  and  small  amounts  of  water 
vapour. 

The  fact  that  a  mixture  of  carbon  monoxide  and  chlorine  behaves 
towards  light  in  an  analogous  manner  to  one  of  hydrogen  and  chlorine 
seems  to  furnish  evidence  in  favour  of  the  hypothesis  that  light  acts 
specifically  on  chlorine  in  the  presence  of  a  gas  with  which  it  can 
ombine.  It  is  not  yet  certain  whether,  under  these  circumstances, 
this  action  leads  to  the  transference  of  energy  to  the  chlorine  mole 
cule  in  such  a  way  as  to  set  up  characteristic  vibrations,  or  whether 
it  brings  about  the  formation  of  a  chemical  compound  which  acts  as  a 
carrier  between  the  two  combining  gases. 

Any  explanation  offered  should,  however,  be  capable  of  application 
to  the  case  of  carbon  monoxide  and  chlorine  as  well  as  to  tnat  of 
hydrogen  and  chlorine,  since  the  phenomena  common  to  the  two 
reactions  appear  to  be  due  to  the  same  cause. 
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XXII. — The  Rate  of  Decomposition  of  Diazo  compounds. 
Part  11.     Diazo -compounds  of  the  Naphthalene  Series. 

By  John  Cannkll  Cain  and  Frank  Nicoll. 

In  our  investigation  of  the  rate  of  decomposition  of  diazo-salts  by 
water,  it  has  been  shown  (Trans.,  1902,  81,  1412)  that  a  nuoiber  of 
these  compounds  belonging  to  the  benzene  series  decompose  in  accord- 
ance with  the  well-known  expression 

1  A 

7-logJzr^   =    C  (a  constant). 

We  have  now  extended  our  experiments  to  members  of  the  naphtha- 
lene series  and  the  results  are  described  in  this  paper. 

So  far  as  we  know  the  rate  of  decomposition  of  the  diazo  salts  of  the 
naphthalene  series  has  not  been  determined,  although  the  reaction 
itself  is  carried  out  on  the  large  scale,  for  instance,  in  the  manu- 
facture of  a-naphthol-4-sulphonic  acid  from  naphthionic  acid. 

We  have  measured  the  rate  of  decomposition  by  water  of  the 
diazo-salts  prepared  from  the  following  amines  : — 

a  Naphthylamine  and  its  monosulphonic  acids,  [NHg  =  1  :  SO3H  =  2, 
4, 5,  and  8],  ^-naphthylamine,  its  monosulphonic  acids,  [NHg  =  2 :  SO3H  = 
6  and  7],  and  disulphonic  acids,  [NH2  =  2  :  2S03H  =  3  :  6,  and  6:8], 
7-amino-a-naphthol-3-sulphonic  acid,  and  8-amino-a-naphthol-3  :  6-disul- 
phonic  acid. 

The  method  and  apparatus  used  to  measure  the  rate  of  decomposi- 
tion were  exactly  the  same  as  those  fully  described  in  our  first  paper 
{loc.  cit.). 

The  naphthols  and  their  sulphonic  acids  exhibit  a  greater  capacity 
for  coupling  with  diazo-compounds  than  the  phenols  of  the  benzene 
series,  and  accordingly,  whenever  combination  is  possible,  the  decom- 
position of  the  diazonaphthalene  derivatives  is  complicated  by  the 
formation  of  an  azocompound.  In  the  benzene  series,  on  the  other 
hand,  no  such  secondary  reaction  was  observed  in  the  case  of  those 
substances  which  formed  the  subject  of  our  first  paper. 

It  might  be  expected,  in  view  of  the  greater  reactivity  of  the 
naphthols  as  contrasted  with  the  benzenoid  phenols,  that,  after  a 
certain  amount  of  the  diazo-salt  had  decomposed,  the  naphthol  thus 
produced  would  condense  with  a  portion  of  the  undecomposed  diazo- 
compound  even  in  the  mineral  acid  solution. 

Such  a  formation  of  an  azo-colouring  matter  is  theoretically  possible 
in  all  the  above  cases  with  the  exception  of  a-naphthylamine-8-sulph- 
onic  acid,   the  diazo-salt  of  which  does  not  yield  a-naphthol-8-sulph- 
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onic  acid  but  the  corresponding  insoluble  sultone,  and  )8-naphthyl- 
amine-6  : 8-disulphonic  acid,  which  gives  a  naphtholdisulphonic  acid 
combining  with  only  a  few  very  reactive  diazo-salts. 

In  those  cases  where  the  diazo-salt  remains  in  solution,  we  have 
calculated  out  the  values  of  C  according  to  the  formula 

-—log-; ~    ^' 

and  the  constant  values  obtained  for  C  show  that  the  reaction  is  a 
unimolecular  one  up  to  a  certain  point. 

Theoretically,  it  would  seem  probable  that,  as  soon  as  a  small  portion 
of  the  hydroxy-compound  is  formed,  it  should  immediately  combine 
with  some  of  the  diazo-salt,  thus  destroying  at  once  the  unimolecular 
character  of  the  reaction.  But  we  have  found  that  the  hydroxy- 
compound  formed  does  not  combine  with  the  diazo-salt  until  a  definite 
quantity  of  the  former  has  been  produced.  Further,  the  quantity  of 
hydroxy-compound  which  must  be  formed  (or  the  amount  of  diazo-salt 
which  must  be  decomposed)  before  combination  takes  place  is  different 
in  each  case.  The  point  at  which  the  formation  of  azo-compound 
begins,  is  easily  seen  by  the  change  in  the  colour  of  the  solution,  and, 
moreover,  the  values  of  C,  which  have  been  constant  up  to  this  stage, 
now  begin  to  decrease  rapidly. 

A  comparison  may  even  be  made  between  the  combining  or 
"  coupling  "  powers  of  the  various  naphthols,  for  one  would  expect 
that^the  production  of  a  reactive  naphthol  would  cause  the  constancy 
of  C  to  disappear  more  rapidly  than  if  the  hydroxy-compound  condensed 
with  less  readiness. 

The  diazo-solutions  derived  from  the  naphthylamines  behave  differ- 
ently, because  a-naphthol  "  couples  "  much  more  readily  than  its 
isomeride.  A  similar  contrast  is  noticed  in  the  case  of  the  diazotised 
^-naphthylaminedisul phonic  acids,  the  "G"  acid,  [NH2:2S03H  = 
2:6:8],  forming  no  colouring  matter,  whereas  the  "  R '''  acid, 
[NHg  '■  2SO3H  =  2  :  3  :  G],  yields  an  azo-derivative  when  50  per  cent,  of 
the  diazo-compound  has  been  decomposed ;  this  result  accords  with  the 
weil-known  difference  in  the  "  coupling  "  powers  of  the  corresponding 
naphtholdisulphonic  acids. 

In  studying  the  decomposition  of  those  diazo-derivatives  which  are 
insoluble  in  water,  we  cannot,  of  course,  apply  the  above  formula,  as 
the  active  mass  is  not  equal  to  the  quantity  of  diazo-compound  present. 

It  must  also  be  remembered  that  these  diazo-derivatives  are  anhydr- 

ides,  so  that  the  compound,  CjoHg^^.x  _^0,  momentarily  forms  an 

intermediate   soluble    substance  before  evolution  of   nitrogen   takes 
place. 
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The  rate  of   decomposition  of  these   compounds  is  expressed  by  the 
simple  formula 

X 


t 


=    K  (a.  constant), 


X  being  the  observed  volume  of   nitrogen  evolved  in  the  time  t  (in 
minutes)  as  before. 

The  secondary  reaction,  leading  to  the  formation  of  an  azo-colouring 
matter,  also  interferes,  whenever  possible,  with  the  simple  decom- 
position of  these  insoluble  diazo-compoands ;  its  commencement  is 
again  clearly  shown  by  the  diminution  in  the  values  of  K. 

1.  a-Diazonaphthalene  Chloride. 

An  ice-cold  solution  of  14"3  grams  of  a-naphthylamine  (1/10  mol.) 
in  30  c.c.  of  hydrochloric  acid  of  sp.  gr.  1"16  (3/10  mol.),  was  treated 
with  an  aqueous  solution  containing  6*9  grams  of  sodium  nitrite  and 
the  diazo-solution  made  up  to  1400  c.c.  so  that  it  contained  13*6  grams 
of  diazo-chloride  in  a  litre. 

This  diazo-solution  is  exactly  equivalent  to  and  comparable  with 
the  solution  of  diazobenzene  chloride  used  in  our  first  paper. 

Thirty-five  c.c.  were  taken  in  each  experiment. 

Temperature  60°. 


^  =  60-4  c.c.  (16%  757  mm. 


t. 

X, 

C. 

3 

7-8C.C. 

00200>, 

4 

10-1   „ 

0-0199 

6 
6 

12-5   ,, 
14-8   „ 

0  0201 
0-0203 

-Mean  0-020. 

8 

18-8   ,, 

0-0202 

9 

20-3    „ 

0-0197J 

10 

21-7    ,, 

0•0193^ 

14 

25-6    ,, 

00171 

20 

29-0    ,, 

00142 

Azo-cora  pound 

40 

33-9    „ 

0-0089 

1     formed. 

60 

35-3   „ 

0-0063 

180 

39-5    „ 

0-0025; 

The  value  of  C  thus  remains  constant  up  to  a  certain  point 
(x  =  20  c.c),  or  until  33  per  cent,  of  the  diazo-salt  has  been 
decomposed. 

At  this  point,  a  second  reaction  begins,  namely,  the  formation  of 
the  red   colouring   matter,  a-naphthaleneazo-a  naphthol,  so    that  the 
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two  reactions  go  on  simultaneously.  The  rapid  diminution  in 
the  value  of  the  constant  shows  that  the  rate  of  formation  of 
this  azo-compound  increases  as  the  quantity  of  a  naphthol  becomes 
greater.*  The  point  at  which  this  secondary  reaction  commences 
depends  on  the  amount  of  free  acid  present  in  the  solution  :  by 
increasing  the  quantity  of  hydrochloric  acid  the  formation  of  the 
azo-conipound  would  begin  at  a  later  stage  owing  to  the  well-known 
"hindering"  effect  of  this  reagent. 

2.   p-Diaz<ynaphthalene  Chloride. 

A  solution  of  14*3  grams  of  ^-naphthylamine  in  10  c.c.  of  hydro- 
chloric acid  of  sp.  gr.  1'16  was  diluted  to  500  c.c.  OF  this  solu- 
tion, 12'5  c.c.  were  diazotised  with  0*5  c.c.  of  hydrochloric  acid  and 
0'173  gram  of  sodium  nitrite  dissolved  in  water,  the  diazo  solution 
being  then  diluted  to  35  c.c.  in  order  that  the  concentration  should 
be  equal  to  that  in  the  previous  case. 

Temperature  60°. 


^^61-3  c.c.  (19%  756  mm.). 


t. 

X. 

C. 

5 

15-1  C.C. 

0-0246^ 

0-0251 

0-0252  rMean  0-025. 

0-0250 

0-0248^ 

6 

18-0   „ 

8 

22-8    ,, 

10 

26-8    „ 

11 

286    „ 

12 

301    „ 

0•0244^ 

14 

327    „ 

0-0237 

18 

36-1    „ 

0-0214 

Azo-compound 

23 

38-6   ,, 

0-0188 

formed. 

30 

40-2    „ 

0-01.54 

62 

42-8    ,, 

0  0084>' 

Here  again  the  decomposition  obeys  the  law,  and  )8-naphthalene- 
azo-/3-naphthol  is  formed  when  about  50  per  cent,  of  the  diazo-salt  has 
been  decomposed. 

Comparing  the  values  of  G  for  the  "  constant "  periods  in  these  two 
cases,  it  is  seen  that  the  diazo-salt  from  a-naphthylamine  ((7  =  0"020) 
is  more  stable  than  that  from  ^-naphthylamine  (C  =  0*025). 

*  See  GoldachmMt,  "  Dyiiamische  Unteisuchungen  iiber  di.;  Bildung  der  Azo- 
farbstoffe"  (5(w.,  1897,  30,  670,  2075  ;  1899,  32,  355  ;  1900,  33,  893  ;  1902,  35, 
3534). 
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The  curves  in  Fig.  1,  obtained  by  taking  corresponding  values  of  x 
and  t  as  ordinates  and  abscissae  respectively,  illustrate  this  difference 
in  the  stability  of  the  two  diazo-salts,  and  also  indicate  that  the 
formation  of  the  azo-compound  commences  sooner  in  the  case  of  the 
a-compound  than  in  that  of  its  /?-isomeride.  The  dotted  lines  re- 
present the  rel.itionships  which  would  exist  between  x  and  t,  providing 
that  the  reactions  are  unimolecular  throughout. 

These  curves  do  not  furnish  an  exact  comparison,  because  the  values 
of  A  differed  in  the  two  experiments,  but  the  difference  is  negligible. 

Curve  1, 
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3.  a-Diazonaphthalene'2-8ulphonic  Acid. 

An  aqueous  solution  containing  0'6125  gram  of  sodium  a-naphthyl- 
amine-2-sulphonate  was  diazotised  with  1  c.c.  of  hydrochloric  acid  of 
sp.  gr.  1*16,  and  01 73  gram  of  sodium  nitrite  also  dissolved  in  water, 
the  whole  being  diluted  to  35  c.c.  The  greater  portion  of  the  diazo- 
compound  separated  out,  being  almost  insoluble  in  this  solution. 
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Temperature  70°. 

,                Temperature  80°. 

-4  =  00-9  c.c.  (17°,  754  mm.). 

ui  =  60-9c.c.  (17%  754  mm.). 

/. 

X, 

K. 

2 

K. 

10 

7't>  e. 

0  76>. 

7-4  C.C.             3-7 

14 

10-5    , 

o-7r. 

3 

10-8    „               3-6 

25 

17-7    , 

0-71 

4 

14-4    ,,               3-6 

80 

21-7    , 

0-72  -Mean  0 

72 

5 

17-8    ,,               3-6 

35 

25-4    , 

0-73 

46 

82-7    , 

0-71 

52 

86-0    , 

0-69^ 

64 

41-4    , 

0-65 

83 
95 

108 

47-2    , 
49-7    . 
51-2    , 

«.*?o  1  Azo-compounl 

125 

52-2              ; 

0-42^ 

We  were  unable  to  continue  the  experiment  at  80°,  beyond  the 

point  shown  by  the  figures,  owing  to  excessive  foaming  in  the  flask. 

oc 
The  value  of  K  is  calculated  from  the  equation  —  =  K. 

t 

The  results  obtained  at  70°  show  that  during  the  first  period  the 

decomposition  obeys  this  law,  and  the  diminishing  values  of  K  indicate 
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the  second  period,  during  which,  a-naphthalene-4-azo-a-naphthol-2  :  2'- 
disulphonic  acid,  S03H-CioH6-N2-CioH5(OH)-S03H,  is  formed. 

This  azo-compound,  which  does  not  seem  to  have  been  described, 
has  a  blue  colour  and  forms  a  brownish-yellow  sodium  salt. 

The  curve  (Fig.  2,  p.  211)  showing  the  course  of  the  reaction  at  70°  is 
rectilinear  at  first  as  required  by  the  above  equation,  and  the  latter 
curvilinear  portion  indicates  the  period  of  formation  of  the  azo- 
compound. 

4.  a-Diazonaphthalene-i-sulphonic  Acid. 

This  diazo-compound  was  prepared  from  sodium  a-naphthylamine- 
4-sulphonate  (sodium  naphthionate)  exactly  as  in  the  preceding 
case. 

The  diazo-compound  is  very  sparingly  soluble  in  water,  but  slightly 
more  soluble  than  the  preceding  one.  An  examination  of  the  curve 
(Fig.  3,  p.  213)  will  show  that  there  is  an  appreciable  error  at  the 
beginning  of  the  reaction.  This  error  increases  with  the  solubility 
of  the  diazo-compound  ;  a  correction  is  however  easily  obtained  by 
producing  the  straight  line  backwards  till  it  cuts  the  zero  ordinate. 
This  point  is  now  taken  as  the  origin. 


Temperature  80°. 


•5  c.c,  {16'5°,  757  mm.) 


t. 

i  corrected. 

X. 

K. 

7 

5 

7-6  c.c. 

1'52>. 

12 

10 

13-8    „ 

1-38 

17 
22 

15 
20 

21-0    „ 
28-5    „ 

1-40 
1-42 

'Mean  1-43 

27 

25 

35-9,, 

1-43 

82 

30 

42-6    „ 

l-42>' 

35 

33 

44-5    „ 

1  '21  1^  Azo-compound 

40 

38 

46-2    ,, 

50 

48 

48-1    „ 

1  -00  j       formed 
0-83J 

61 

59 

40-2    ,, 

Here,  as  in  the  preceding  case,  the  azo-compound,  a-naphthalene-2- 
azo.a-naphthol-4 : 4'-disulphonic  acid,  S03H-CioHp-N2-CioH5(OH)-S03H, 
is  not  formed  until  a  considerable  amount  of  diazo-salt  has  been 
decomposed.  The  reaction  is  graphically  represented  by  the  following 
curve  : 
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5.  a-Diazonaphthalene-b-8ulphonic  Acid, 

The   diazo-compound,  prepared  in  the  ordinary  way  from  sodium 
a-naphthylamine-5-sulphonate,  is  almost  insoluble  in  water. 


Temjyerature  70°. 


^-i60-6c.c.  (17°,  757  mm.). 


t. 

X. 

K. 

6 

8  5  c.c. 

l'42x 

8-5 

12-7    „ 

1-49 

12 
16 

18-3    „ 
24-2   ,, 

1-52 
1-51 

■M.au  1-48 

20 

29-8   ,, 

1-49 

24 

351    „ 

1-46J 

30 

41-5    „ 

1-38 

38 

48  1    „ 

1-26 

50 

53  0    „ 

1-06 

62 

550   ,, 

0-88 

Here  again,  after  a  "  constant "  period,  a  small  quantity  of  a-naphtha 
lene  2-azo-a-naphthol-5  : 5'-disulphonic  acid  is  formed  : 
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CiTRVR    4. 
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6.  a-/)iazonaphthalene-S-8ulphonic  Acid. 

The  diazo-compound,  prepared  from  sodium  a-naphthylamine-8- 
sulphonate  exactly  as  in  the  preceding  experiments,  is  soluble  in  water. 
As  the  decomposition  product  is  not  a-naphthol-8-sulphonic  acid,  but 

the  corresponding  sultone,  CjoH(5<^ '  1^  '     ,  no  colouring   matter   can 

be  formed  in  this  case   and   the  decomposition  is  thoughout   in  ac- 

1            A 
cordance  with  the  equation  -  log    z ■  =  C. 


Temperature  QO^ 


A==60'<6{16\  755  mm. 


/. 

X. 

C. 

0 

8  0cc. 

0-0103 

8 

lo-i  „ 

0  n099 

13 

161    „ 

0  0103 

18 

2T4    „ 

0-0105 

23 

26-1    „ 

00107 

28 

29  8   „ 

00105 

86 

35-2   „ 

0  0105 

43 

38-7   „ 

0-0103 

49 

41  7   „ 

0  0104 

59 

44  9  „ 

O'OIOO 

DIAZO-(uAiiiitM».>.       iAKi    II. 


The  reaction  is  thus  unimoleciilar,  the  sultone  formed  separating 
out  at  once. 

Comparing  this  value  of  C  with  that  for  a-diazonaphthalene  chloride 
(0*02),  we  see  that,  as  was  to  be  expected,  the  presence  of  the  sulphonio 
group  greatly  increases  the  stability  of  the  molecule.  This  influence 
was  also  noticed  on  comparing  the  diazo-derivatives  of  aniline  and 
sulphanilic  acid  in  the  former  communication  (loc,  cit,). 


7.  p-Diazonaphthalen€-^-8ulphonic  Acid, 

The  diazo-solution  was  prepared  from  sodium  ^-naphthylamine-6- 
sulphonate  as  in  the  previous  example. 


Temperature  60°. 


^  =  61-7  C.C.  (20°,  755  mm.). 


t. 

i'. 

C. 

12 

16-3  C.C. 

ooiin 

14 

18-7    „ 

0-0112 

17 

22-5    „ 

0-0116 

20 

25-8    „ 

0-0118 

24 

29-6    „ 

00118 

27 
30 

323    „ 
34-8    „ 

0-0119 
0-0120 

►Mean  00117 

33 

36  7    „ 

0-0119 

36 

39-0    „ 

0-0121 

43 

43-0    „ 

0-0121 

54 

i7-l    ., 

0-0116 

60 

48-4    „ 

0-Olllj 

80 

50-2    ,-, 

0-0091 

The  decomposition  is  therefore  unimolecular  until  80  per  cent,  of 
the  diazoanhydride  is  decomposed,  then  the  value  of  C  is  no  longer 
constant  and  the  red  azo-compound,  )8-naphthalene-azo-y8-naphthol- 
6  :  6'-disulphonic  acid,  is  formed. 


8.  p-DiazonaphtJtalene-l-sulphonic  Acid. 

The  diazo-compound  was  prepared  from  sodium  ^-naphthylamine- 
-sulphonate. 
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Temieraiure  60° 


I. 

^  =  61-1  c.c.  (18°,  755  mm.). 

II. 

^=61-5c 

.c.  (16  5°,  745  mm.). 

t. 

\           X. 

a. 

t. 

X. 

C. 

14 

17-0  c.c. 

0  0101> 

14 

16-7  c.c. 

0-00P8> 

16 

193    „ 

0-0103 

16 

18-9    ,, 

0-0100 

18 
25 

21-3    „ 
27-3    ,, 

0-0103 
0-0103 

-Mean  0  0 102 

20 
30 

22-8    „ 
31-3    „ 

00100 
0-0103 

-Mean  0-0100 

30 

31-1    „ 

0-0103 

36 

34-8    „ 

0-0101 

38 

36-0    ,, 

0-0102 

44-5 

39-1    „ 

0-0099; 

45 

39-4    ,, 

0-oiooJ 

57 

44-0    ,. 

0-0096]       Azo- 
0-0085  [compound 
0 -0065  J     formed 

55 

43-3    ,, 

0-0097' 

00092 

0-0081, 

Azo- 

80 

48-7    „ 

•    70 

47-2    „ 

-compound 

123 

51-9    „ 

86 

48-8    „ 

formed 

The  reaction  is  unimolecular  until  about  65  per  cent,  of  the  diazo- 
anhydride  has  decomposed ;  after  this  the  formation  of  azo-compound 
begins.  The  stability  of  this  diazoanhydride  is  only  very  slightly 
greater  than  that  of  the  preceding  isomeride,  but  both  diazo-compounds 
are  much  more  "stable  than  /3-diazonaphthalene  chloride. 


9.  /3-Diazonaphthale7ie-6  :  8-disulphonic  Acid. 

A  neutral  solution,  prepared  by  dissolving  0-8525  gram  of  potass- 
ium hydrogen  j8-naphthylamine  6  : 8-disulplionate  in  the  requisite 
amount  of  aqueous  caustic  soda,  was  diazotised  with  \\  c.c.  of  hydro- 
chloric acid  and  0*173  gram  of  sodium  nitrite  and  then  diluted  to 
35  'c.c. 


filA^O-COMPOUKDS.      PART   It. 
l^emiTcrature  60°. 


21? 


1. 


^  =  60-5  CC.  (16"*,  765  mm.). 


* 

X, 

C. 

26 

160  CC. 

0-00534 

30 

18-9   „ 

0-00542 

36 

22-0    „ 

0-00545 

42 

24-9   „ 

0-00549 

50 

28-4   „ 

0-00551 

56 

£0-2   „ 

000536 

60 

31-9   „ 

0-00542 

70 

35-3   „ 

000543 

80 

38-4   „ 

0-00547 

90 

40-8   „ 

0-00541 

100 

42-9   „ 

0  005;- 6 

110 

44-8   „ 

0  00533 

^  =  60-8  CC  (17^766mra.). 


X, 


Range  26  to  74  percent.     Mean  000541 


85 
40 
45 
52 
60 
70 
80 
90 


21-2  CC 

23-9  „ 

26-0  „ 

29-0  „ 

31-7  „ 

35-1  ,. 

38-2  „ 

40-7  „ 


0-00532 
0-00542 
0-00538 
0-00541 
000533 
0-00534 
0-00537 
000534 


Eange  35  to  67  per  cent.     Mean  0*00536 


Mean  of  the  two  experiments,  0 '00539. 

The  reaction  is  unimolecular  througliout,  and  no  azo-compound  is 
produced. 

10.  p'I)iazonaphthalene-3  :  Q-disulphonic  Acid, 

The  diazO'Solution  was  prepared  from  0*8125  gram  of  sodium  hydro- 
gen /?-naphthylamine-3  :  C-disulphonate  as  in  the  case  of  the  preceding 
compound. 

Temperature  60°. 


^  =  60-5  CC  (16°,  755  mm.). 


t. 

X. 

a 

40 

8-8  CC 

0-00171 

60 

12-9    „ 

0-00173 

80 

16-6   „ 

0-00174 

112 
140 

21-8   „ 
25-2   „ 

0-00173 
0-00167 

-Mean  0-00168 

160 

27-3   „ 

0-00163 

171 

28-5   „ 

0-00162 

193 

31-5   „ 

0-00165 

220 
240 
359 

33-7   „ 
35-3   „ 
430   „ 

0-00161' 
0-00158 
0-00150 

Azo-compound 
formed 
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The  reaction    is  unimolecular  until    50  per  cent,  of    the  diazoan 
hydride  is  decomposed,  when  a  red  azo-compound  begins  to  be  forme  i. 


1 1 .  ^- Hydroxy- P-diazonaphthalene-^-sulpho nic  A cid. 

A  solution  of  0*5975  gram  of  7-amino-a-naphthol-3-sulphonic  acid  in 
aqueous  caustic  soda  (O'l  gram  NaOH)  is  treated  with  1^  c.c.  of 
hydrochloric  acid  of  sp.  gr.  M6  and  0-173  gram  of  sodium  nitrite, 
the  mixture  being  then  diluted  to  35  c.c.  The  diazo-salt  is  yellow  and 
sparingly  soluble. 

Temperature  80°. 


^  =  60-7  c.c.  (14-8°,  748  ram.). 


t. 

t  (corrected). 

X. 

K. 

8 

5-4 

14-5  c.c. 

2-68^ 

10 

7-4 

19-6    „ 

2-65 

12 

9-4 

24-7    „ 

2-63 

14 
16 

11-4 
13-4 

29-9    „ 
35-4    „ 

2-62 
2-64 

■Mean  2-65 

18 

■15-4 

41-2    „ 

2-67 

20 

17-4 

46-9    „ 

2-69 

21 

18-4 

48-7    „ 

2-6i) 

23 

20-4 

520    „ 

2  "55  \  Azo-compound 

29-5 

27-1 

56-7    „ 

2  09  j       formed 

Curve  5. 


60 
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10  15 
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20 


25 


80 


On  reference  to  the  curve  (Fig.  5)  it  is  seen  that  the  error  of  experi- 
ment at  the  beginning  is  sufficiently  large  to   prevent  us  obtaining 
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coDstant  values  for  K  until  24  per  cent,  of  the  nitrogen  has  been 
evolved,  and  then  the  reaction  obeys  the  law  for  insoluble  diozo- 
compounds,  but  when  the  decomposition  reaches  80  per  cent,  this 
agreement  is  again  destroyed,  owing  to  the  formation  of  an 
azo-compound.  By  subtracting  26  from  the  observed  values  of  ^,  we 
obtain  the  necessary  correction. 

12.  dt-IIydroxy-a-diazonaphthalene-^  :  ^-disulphonic  Acid» 

The  diazo-solution  was  prepared  by  neutralising  0'8125  gram  of  the 
sodium  hydrogen  8-amino-a-naphthol-3  : 6-disulphonate,  with  aqueous 
caustic  soda,  and  adding  1-75  c.c.  of  hydrochloric  acid  and  0'173  gram 
of  sodium  nitrite. 

Temperature  80°. 


I. 

1 

II. 

ji 

=  60-6  c.c 

(14-5°,  748  mm.). 

A 

=  60*6  c.c. 

(14-5",  748  mm.). 

t. 

X. 

C. 

t. 

X. 

C. 

16 

21-5  c.c. 

0-0119^ 

14 

19-1  C.C. 

00117^ 

18 

23-8   „ 

0  0120 

18 

23-2  „ 

0-0116 

20 

25-9   „ 

0-0121 

20 

25-3   „ 

0-0117 

24 

29-6  „ 

0-0121 

22 

27-5   „ 

0-0119 

28 
30 

32-8   „ 
34-5   „ 

0-0121 
0-0122 

"Mean  0  0121 

24 
30 

29-4   „ 
34-3   „ 

00120 
0-0121 

. Mean  0-0119 

34 

37-2   „ 

0-0122 

34 

36-9   „ 

00120 

40 

40-8    „ 

0-0121 

36 

38-1    „ 

0-0120 

45 

43-3   „ 

0-0121 

40 

40-3   „ 

00119 

50 

45-3   „ 

0-0120J 

C     Azo- 

44 

42-3   „ 

0-0118; 

'     Azo-        * 

90 

48-3   „ 

0-0077- 

compound 
.    formed 

90 

48-1   „ 

0-0076- 

compound 
formed 

Mean  of  the  two  experiments,  0*0120. 


The  reaction  is  thus  unimolecular  until  about  70  per  cent,  of  the 
substance  is  decomposed,  and  then  the  bluish-red  azo-colouring  matter 
is  formed. 

The  above  diazo-salts  resolve  themselves  into  two  classes :  the  one, 
containing  those  which  are  soluble  and  decompose  according  to  the 
logarithmic  law,  until  an  azo-compound  is  formed,*  and  the  other, 
including  the  insoluble    diazo-compounds    which    we  have  shown    to 

decompose  according  to  the  equation  -  =  K.    Considering,  first  of  all, 

t 

the  diazo-salts  belonging  to  this  latter  class,  we  may  arrange  our  results 
as  follows : 
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Diazo-salts  from 

Temperature. 

K. 

Relative  rate 
of  decom- 
position. 

o-Naph thy lainine-2-siil phonic  acid 

70° 

80 

80 

70 

80 

0-72 
3-6 

1-24 
1-48 
2  65 

)»            _         >>             _      i>    

a-NaphthylaTnine-4-sulpbonic    ,,    

2-9 
1 

a-Naphthylamine-5-snlphonic    , 

6 

7- Amino-o-naphthol-3-su] phonic  acid 

2-1 

The  fourth  column,  which  indicates  the  relative  rate  of  decomposi- 
tion, is  obtained  by  assuming  that  the  ratio  of  the  values  of  K  at  70° 
and  80°  is  the  same  for  all  the  above  substances ;  this  assumption  was 
shown  to  be  justifiable  in  the  case  of  the  compounds  studied  in  the 
previous  communication  {loc.  cit.). 

Thus  the  diazo-com pound  from  the  1  : 4-acid  is  the  most,  and  that 
from  the  1  : 5-acid  the  least,  stable.  We  cannot,  of  course,  compare 
the  stability  of  the  above  insoluble  diazo-compounds  with  that  of  any 
of  the  soluble  diazo-salts,  as  the  course  of  the  reaction  is  so  different 
in  the  two  cases. 

As  the  experiments  performed  on  the  soluble  diazo-compounds  were 
carried  out  at  60°,  excepting  those  with  diazotised  8-amino-a-naphthol- 
3  :  6-disulphonic  acid;  the  results  are  strictly  comparable,  not  only 
among  themselves,  but  also  with  those  obtained  from  diazobenzene 
chloride  at  the  same  temperature.  This  comparison  is  indicated  in  the 
following  table  : 


DiafexJ'^- salts  from 

..,„. X 

o-Naphthylamino 

/8-Naphthylamine 

a-Naphthylamine-8-      \ 

sulphonic  acid    / 

/8-Naphthylamine-6-      1 

sulphonic  acid     j 

j8-Naphthylamine-7-      1 

sulphon  ic  acid  .*...../ 
j8-Naphthylamine-6 : 8-\ 

disulphonic  acid J 

/8  Naphthylamine-3  : 6-1 

disulphonic  acid J 


0-109 
0-020 


^25 
•010^ 
•0117 
-0100 
•00539 
•00168 


Relative 
rate  of 
decom- 
position. 


5 
3-2 

1 


Remarks. 


r5*4  times  as  stable  as  aniline,  not  so 

\     stable  as  ^-toluidine. 

I  4-3  times  as  stable  as  aniline,  not  so 

\     stable  as  ^-toluidine. 

no '6  times  as  stable  as  aniline,  more 

\     stable  than  ;t>-toluidiue. 

/9-4  times  as  stable  as  aniline,  more 

\     stable  than  ^-toluidine. 

fll   times  as  stable  as  aniline,  more 

V     stable  than  jo-toluidine. 

(20*3  times  as  stable  as  aniline,  more 

\     stable  than  sulphanilic  acid. 

r64-9  times  as  stable  as  aniline,  more 

\     stable  than  sulphanilic  acid. 
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The  influeoce  of  the  SO3H  group  on  the  stability  of  the  diazo-salts 
is  very  clearly  shown  here.  One  of  these  groups  increases  the  stability 
of  the  diazo-salt  considerably,  whilst  two  have  a  still  greater  effect. 

The  last  diazo-compound  to  be  considered,  namely,  that  from 
8-amino-a-naphthol-3  :  6-disulphonic  acid,  is  exceptionally  stable,  its 
decomposition  constant  (0*012)  at  80°  being  5*9  times  less  than  the 
similar  coeflScient  (0  079)  for  diazobenzenesul phonic  acid.  Now 
since  the  latter  diazo-compound  is  16 '6  times  more  stable  than  diazo- 
benzene  chloride,  it  follows  that  the  naphthalenoid  diazo-derivative  in 
question  is  98  times  more  stable  than  that  derived  from  aniline. 

One  of  the  most  interesting  facts  brought  out  by  the  above  experi- 
ments is  that  a  diazo-salt  and  a  naphthol  or  naphtholsulphonic  acid  can 
exist  side  by  side  up  to  a  certain  point  without  combining  to  form  an  azo- 
colouring  matter.  Assuming,  as  seems  probable  from  the  experiments 
of  Goldschmidt  (loc.  cit.)y  that  the  hydrolytic  dissociation  of  the  diazo- 
salt  is  necessary  before  combination  can  take  place,  it  would  seem  that, 
in  the  experiments  described,  the  diazo  salt  is  not  dissociated,  especially 
in  the  presence  of  free  hydrochloric  acid,  which  has  a  retarding  effect  on 
the  formation  of  an  azo-compound,  until  its  concentration  becomes  con- 
siderably lessened  by  its  own  gradual  decomposition.  When  this  point  is 
reached,  dissociation  of  the  undecomposed  diazo-salt  takes  place  and 
the  azo-colouring  matter  is  formed. 

In  conclusion,  we  wish  to  thank  the  Farbenfabriken  vorm.  F.  Bayer 
a  Co.,  Elberfeld,  and  Messrs.  Levinstein,  Ltd.,  Manchester,  for 
kindly  supplying  us  with  the  amines  mentioned  in  this  paper. 

Municipal  Technical  School, 
BuRr,  Lancashibe. 


XXIII. — The  Absorption  Spectra  of  Metallic  Nitrates, 

Part  11. 

By  Walter  Noel  Hartley,  D.Sc,  F.R.S. 

The  descriptions  and  measurements  of  spectra  observed  in  five  series 
of  solutions  of  metallic  nitrates  examined  in  various  ways  are  con- 
tained in  Part  I  (Trans.,  1902,  81,  571),  accompanied  by  a  tabular 
statement  which  shows  where  complete  absorption  occurs  of  all  rays 
beyond  wave-length  340  in  solutions  containing  either  gram-molecules 
of  different  nitrates  or  definite  fractions  of  these  proportions  in  a  litre 
VOL,   LXXXIII.  R 
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of  solution.  The  measuremenU  wore  recorded  in  oscillation-frequeDcies 
M  well  M  wave-lengthg.* 

In  the  6th  series,  a  more  intimate  knowledge  was  sought  of  the  bands 
characteristic  of  NO,  which  are  observed  in  solutions  of  the  various 
nitrates  when  diluted  in  the  proportion  of  one  gram-molecule  in 
20  litres,  and  at  intermediate  stages  down  to  100  litres.  Some  notable 
differences  were  observed,  particularly  in  the  curves  drawn  from  the 
spectra  of  salts  with  high  molecular  weights. 

The  coloured  nitrates  of  cobalt  and  nickel  were  examined  because 
they  each  show  two  absorption  bands,  one  belonging  to  the  metal  and 
the  other  to  the  NOg  ion  ;  they  were  compared  with  cupric  nitrate 
which,  under  precisely  similar  conditions,  shows  no  absorption  band 
whatever. 

Preparation  of  tha  Nitrate  Solutions. 

This  series  of  solutions  was  made  in  such  a  manner  that  the  spectra 
observed  would  all  be  strictly  comparable  with  those  of  the  nitrates  of 
the  monad  metals  and  with  ethyl  nitrate.  Specially  prepared  pure 
carbonates  were  each  digested  with  100  c.c.  of  double  normal  nitric 
acid  for  a  period  of  from  two  to  five  days,  after  which  each  solution 
was  made  up  to  200  c.c.  with  distilled  water.  The  solutions  were  for 
the  most  part  quite  neutral,  others  very  nearly  so.  After  their  spectra 
had  been  photographed,  they  were  analysed  with  great  care,  the  actual 
quantity  of  base  in  each  solution  being  very  accurately  determined. 
The  following  were  the  figures  thus  obtained,  expressed  as  grams  of 
nitrate  contained  in  a  litre  of  solution : 


Found.  Calculated. 
^(NO,), 20.5        20,) 

«'(^'V. 43-3        43-8 

Pb(MO,), J^g.J         JJjg.^ 

«<f.>. 63-7        660 


Found.  Calenlatad. 
^°(f'>' 31-2        32-7 

?^A)i   ...     26-87      27-6 
2 


When  double  normal  nitric  acid  is  saturated  with  bismuth  carbonate, 
the  addition  of  water  would,  if  the  compound  Bi(N03)3  is  formed, 
ff«tult  in  the  solution  containing  BiO*NO,  and  free  nitric  acid.     The 

•Thaw  U  a  ml.print  reUting  to  lodiam  ;  "  V^  8«3«  "  should  read  ^K  S9S8.  The 
absorpUon  tiiectruro  due  to  thorium  nitrate  it  made  to  appear  Tery  intense,  as  if 
1/IOOtb  of  a  gram-molecule  in  a  litre  absorbed  all  rays  beyond  Vx  2888  when 
too  mm.  ol  the  solution  are  examined.  The  fraction  should  be  l/4th  of  a  gram- 
sotocole,  and  in  the  ease  of  erbium  it  should  be  ]/8th  of  a  gram-molecule. 
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quantity  found  in  the  bismuth  nitrate  solution  oorrMponded  to 
88*6  grams  of  BiO'NO,  per  litre,  but  that  calculated  for  Bi(NO,),  was 
8S4*5  grmms.  This  wide  discrepancy  shows  that  the  substance  in 
solution  must  have  been  the  oxynitrate.  The  extraordinary  absorp- 
tion shown  by  the  nitrate  solution,  oonsideriDg  the  small  quantity  of 
the  salt  present  and  the  wide  departure  from  the  characteristic  nitric 
acid  curve  which  the  spectra  photographed  from  the  bismuth  nitrate 
solution  exhibit,  are  facts  of  great  interest. 

The  large  atomic  mass  of  bismuth  is  a  factor  which  may  be  taken 
into  consideration,  and,  in  this  respect,  the  absorption  spectra  of  the 
nitrate  solution  may  be  compared  with  those  of  lead  and  cadmium 
nitrates. 

The  solutions  of  cobalt,  nickel,  and  copper  nitrates,  which  were 
neutral  to  litmus,  deposited  traces  of  either  hydroxide  or  carbonate 
which  had  been  held  in  solution  by  the  metallic  nitrate.  These 
deposits  were  not  observed  until  after  the  solutions  had  been  kept  for 
some  months. 

The  curves  (p.  224)  drawn  from  the  measurements  show  several 
variations,  more  especially  in  the  most  characteristic  part  of  the  curves. 
The  following  are  the  spectrum  measurements  obtained  from  normal 
solutions  at  different  dilutions  from  1  in  20  to  1  in  100,  the  column 
of  liquid  being,  in  each  case,  200  mm.  in  length. 


6th  Series. — Potassivm  NitraU, 
Normal  solution. 


Dilation. 

Spectram  continaoua 
to 

V^ 

1/20 

8002 

1/80 

8002  v"r-  f-»'lv  to  3045.                                 Rays  transmitted. 

1/40 

8065.                                                                             '/A. 

1/60 

8065.                                Absorption  band.    A  line  at  8688. 

Va. 

1/00 

8065.                                   8149  to  3638.       8688  to  8889. 

1/70 

8149.                                     3149  „  3642.        8642  „  8889. 

1/80 

8149.                                     3323  „  8402.        8492  „  8889. 

At  the  last  dilution,  as  the  band  is  weak,  lines  are  seen  at  3262 
and  3323,  but  very  feebly  transmitted.   * 


B  2 
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SeaU  of  o$cillaiion'/requeneiea.  Scale  of  oscillation/rfqucncies. 


1/20 
m  Series  J/^ 

1/60 
1/70 
1/80 
1/90 


1/20 

Mn(NO,)   1/JJ 
6th  Series  ['jH 

1/00 
1/70 
l/.sO 
1/90 


1/20 
1/30 

RiO'NOa  1/40 

6th  Series  l/50 

1/00 

1/70 
1/80 
1/90 


HNO.     i/»0-IIL__ 

ZrdSer^e4^f*KJL- 

v'5     " 

^raiyertes  j^^^-j-- 

r--" 

l/«0*     T~" 

2::_  "I 

1/70- -1 

>/8o:  Ji-i 

1/90  ■       ^  "  2 

K  NO        *^ 

Mo/Nff^   J^**-  h-          - 

M«(NO^   1/40     V             Z 

"^ 

6IA  tferiM  l/6o    j 

1{;^:S::: 

I^-^-T 

^^.  1  :: 

* 

vr-  \" 

l/»i'-            ^  =  7 

1/20           -  ;j 

r»/NO  ^_  l?^  -K 

<£k  aSE!    IJfl 

7     " 

yfj:  -t .  _  _ 

I     ' 

^^"  I 

Z^     - 

1/80-       t 

t 

i/j»o-     -^  ^ 

J 

.       _       ^- 

. 

Sr^NO^    1/f-  - 

"r('£^^<-'aja  l/4<     r 

6th  Strits  1/50  •■  T 

7 

1/flO  -  t  - 

_-.::::    : 

180"-  J- 

2     --I 

t 

t 

1 

Pb(NO,), 
6th  Sertea 


1/20 
1/SO 
1/40 
1/50 
l/«0 
1/70 
1/80 
1/90 


■■•l   •   •  * 

. 

v 

:i 

/  ^      N 

l4lt 

^ 

:  I 

t 

I 

-\ 

I      . 

/          ^ 

c  -^  - 

*^^y^ 

\ 

-X 

V 

V 

I           , 

^-^' 

:5 

L 

I        : 

_i-     -- 

r 

\j^ 

/^^ 

9th  Series 


tikSeriu 


9ikStrit9 


Cobalt  Nitrate 


Xiclxl  Nitrate 


Copper  Nitrate 


^hm  Of  ouniMi  tines  are  thin  the  tnmtmUttd  ipednm  iefeebU. 
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6U  Series, — MagnenMm  NiiraU, 

Normal  solution. 


DiltttioD. 


tiuiu  conUouous 


Va. 

1/20 

3010. 

Rays  feebly 

1/30 

3010. 

transmitted. 

Absorption  band. 

>/A. 

1/40 

8079. 

Va. 

3668  to  8854. 

1/50 

3079. 

3079  to  3668. 

3668  „  3915. 

1/60 

3086. 

3086  „  3556. 

3556  ,,8915. 

1/70 

3165. 

3165  ,,3516. 

3516  „  8915. 

1/80 

3390 

Feeble  transmission 
of  isolated  rays. 

3471  „  3915. 

In  makiDg  the  above  measuremeDts,  the  general  curve  of  absorption 
was  drawn  on  the  glass  surface  of  the  plate  with  red  ink,  60  as  to 
avoid  errors  by  reading  feeble  isolated  lines  as  if  they  were  the 
termination  of  rays  continuously  transmitted. 

6(A  Series, — Afoffnesium  Nitrate. 

Normal  solution. 

Dilution,  1/20  to  1/100.  The  spectra  were  at  each  stage  exactly 
Like  those  of  potassium  nitrate. 


6th  Series. — Calcium  Nitrate. 
Normal  solution. 


DUoUoD. 

Spectram  coutinaous 
to 

Va. 

1/20 

3002. 

1/30 

3045. 

1/40 

8065. 

Rays  transmitted. 

• 

Absorption  band. 

Va. 

1/50 

3065. 

'/A. 

8840  to  3889. 

1/60 

3065  feeble  to  3149. 

3149  to  3840. 

8840  „  3890. 

1/70 

3149. 

3149  „  3650. 

8650  „  3890. 

1/80 

3149. 

3149  „  3630. 

3630  M  3890. 

1/9'-' 

;  1  •:•  feeble  to  3323. 

3323  „  3540. 

3540  ,,  3890. 
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6M  Series, — Strontium.  ^  Urate. 
Normal  solution. 


Dilution. 

Si»ectram  continuous 
to 

VA. 

1/20 

8002. 

1/80 

3002.                                Absorption  band.  Rays  transmitted. 

1/40 

3002  very  feebly  to  3066.               y\. 

Va. 

1/60 

8066.                                     3066  to  3830. 

3830  to  3889. 

1/60 

8066.                                    3066  „  3638. 

3638  ,,  3889. 
very  feeble. 

1/70 

8066  very  feebly  to  3149.     3149  „  3590. 

3590  to  3889 
feeble. 

1/80 

8066  very  feebly  to  8149.      3149  „  3542. 

3542  to  3889 
feeble. 

6th  Series, — Cadmium  Nitrate. 
Normal  solution. 


DUation. 


1/20 
1/80 
1/40 
1/60 
1/60 
1/70 
1/80 


Spectrum  continuous 
to 

Va. 

8002.  Transmittetl 

8002  very  feebly  to  3028.  AbsOPptlon  band.        very  feebly. 
3066.  Va.  Va. 

3065.  3065  lo  3540.  3540  to  3889. 

8065.  3065  ,,  3540.         8540  „  8889. 

8065  feebly  8149.  3149  ,,  3540.  3540  „  8889. 

3065  feebly  8149.  3149  ,,  3540.  3540  „  8889. 


6M  Series. — Manganese  Nitrate, 
Normal  solution. 


DiluUon. 

Spectrum  oontlnuoua 
to 

Va. 

1/20 

8001 

1/80 

8002. 

1/40 

8066. 

1/60 

8066. 

l/«0 

3149. 

1/70 

8149. 

1/80 

8149  feebly  to  8268. 

Absorption  band.  Rays  transmitted. 

Va.  Va. 

3149  to  3638.         3638  to  8770. 

8140  „  3529.         8529  „  8889. 

8268  „  2492.         8492  „  8889. 
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6M  SerUt.—LMd  NUraU, 
Normal  solution. 


■  IntMHi 

Spectrum  contiuaoui 

to 

Va. 

1/30 

8021. 

1/SO 

8021  lino  at  8065. 

1/40 

8005  line  at  8082. 

1/60 

8088. 

1/00 

8098. 

1/70 

8075. 

1/80 

8075. 

Rays  transmitted 
Absorption  band.      rery  feebly. 

S075  to  3550.         3550  to  3915. 


There  is  barely  an  indication  of  the  absorption  band  in  this  nitrate. 
In  thia  respect,  the  spectrum  curve  resembles  that  of  bismuth. 

6iA  Series. — BiamvUh  Nitrate. 
28*6  grams  of  BiO'NO,  per  litre  in  normal  nitric  acid  solution. 


1 
DUution. 

Si>ectrum  continuous 
to 

IsoUted 
Va.      lines. 

1/20 

8017.     8065. 

1/80 

8917.     8082. 

1/40 

8017.     3082. 

1/50 

8017.     8086. 

1/00  . 

8017.     3086-3172. 

Absorption  band. 

Rays  transmitted. 

1/70 

3017.     3086-3172. 

Va. 

Va. 

1/80 

3172.     3285. 

3285  to  8537. 

8587  to  3674. 

^ih  Series. — Cupric  Nitrate. 
Normal  solution. 

The  spectnun  of  this  substance  is  much  weakened  from  ^/X  2463  to 
2783,  and  particularly  about  the  region  of  the  yellow  rays  ^jk  1696. 


Dilution. 

Spectrum  continuous 
to 

Va. 

Bays  Tisible. 

1/ao 

2778. 

2860. 

1/80 

2778*» 

2929  rery  feebly. 

1/40 

2778. 

2972  feebly. 

1/50 

2972. 

8050. 

1/60 

3058. 

1/70 

8058. 

8135  feebly.     AU  rays  beyond  are  abwrbed. 

1/80 

8065. 

3135. 

No  absorption  band  visible  in  this  nitrate. 
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M  Series.— Cobalt  NitraU, 
Normal  solution,  prepared  from  the  carbonate. 


First 

Dila- 

Rays  trans- 

Absorption 

Rays 

tioD. 

mitted. 

band. 

transmitted. 

Va. 

Va. 

Va. 

1/20 

1665  to  1719 

1719  to  2270 

2270  to  3006 

Second 

1/30 

1665  „  1730 

1730  „  2312 

2312  ,,3606 

Absorption 

Rays 

1/40 

1665  „  1742 

1742  ,,2093 

2093  „  3072 

band.   Feeble. 

transmitted. 

1/50 

1665  „  1811 

1811  „  2030 

2030  „  3072 

Va. 

Va. 

1/60 

1665  „  1811 

1811  „  2030 

2030  „  3165 

3765  to  3668 

3668  to  3780 

1/70 

1665  „  1833 

1833  „  2030 

2030  ,,  3165 

3165  „  3507 

3507  ,,  3852 

1/80 

1665  „  1833 

1833  „  1997 
Weak. 

1997  ,,  3188 

Rays  feeble 

to  3343. 

3343,.  3474 

3472  „  2920 

Nickel  Nitrate. 
Normal  solution,  prepared  from  the  carbonate. 


Spectrum 

Dila. 

continaoas 

tiou. 

to 

Va. 

1/20 

2279 

1/30 

2327 

1/40 

2373 

1/50 

2391 

1/60 

2534 

1/70 

3157 

1/80 

8180 

1/90 


First 
Absorption 

band. 
Va. 
2279  to  2759 
2327  ,.2710 
2373  „  2677 
2391  .,  2619 
2534  „  2568 


Rays 

transmitted. 

Va. 
2759  to  2990 
2710  „  2990 
2677  ,,8065 
2619  ,.  3079 
2568  „  8157 


Rays  transmitted  feebly  to 
8330  and  again  to  3474. 


Second  Rays 
Absorption    transmitted 

band.  to 

Va.  Va. 

3079  to  3650  3903 

3157  ,,  3538  3908 

3159  ..3474  3936 

3180  „  3474  8942 


1th  Series. — It  was  considered  desirable  to  examine  a  number  of 
definitely  hydrated  salts  with  high  molecular  weights,  and  those 
selected  as  being  most  suitable  were  the  nitrates  of  thorium,  erbium, 
and  uranium.  These  were  carefully  analysed  to  determine  the  base, 
acid,  and  combined  water,  the  last  constituents  being  estimated  by 
difference.*  Normal  solutions  were  examined  in  thicknesses  varying 
from  200  mm.  to  2  mm.,  which  is  equivalent  to  a  dilution  of  1/100. 

*  Th«  aoalytM  of  the  thorinm,  erbium,  and  unnyl  nitrates  were  made  by 
Mr.  J.  Holme  Pollok,  B.Se.,  Aesistant  Chembt,  Royal  College  of  Science,  Dublm, 
to  whom  my  thanks  are  dne. 
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TfA  StnM.-^Tkorium  NUraU,  Th(N0s)„1 2Hp  [Th  -  231-5]. 

(a)  Normal   solution  :    26*36   grams    in   200   c.c.   equivalent   to 
62  grams  of  NO,  per  litre. 


TUekMM. 

Spsetmm  contiDaoos 
to 

mm. 

Vx, 

200 

From  1696  to  2787. 

100 

2877. 

60 

S080. 

40 

2980. 

85 

2080. 

SO 

8002. 

Vx. 

so 

8002. 

8065. 

15 

8002. 

8065. 

10 

8065. 

» 

Rays  transmitted. 

8065. 

Absorption  band. 

VA. 

8065. 

Line  3149. 

Va. 

3556  to  3927. 

8065. 

„     8149. 

Very  feeble. 

3556  „  3927. 

8065. 

„     3149. 

3354  to  3510. 

3510  „  3960. 

Through  200  mm.,  the  most  extreme  line  photographed  is  ^A.  2883 
or  X  3466. 

At  a  thickness  of  2  mm.,  there  is  a  sudden  extension  of  the 
spectrum,  which  is  accounted  for  by  the  existence  of  a  feeble  absorp- 
tion band  between  3149  and  3537.  The  rays,  very  feebly  transmitted 
where  this  band  may  be  traced,  are  3266,  and  three  others  to  3519. 
Beyond  this  point,  the  rays  are  transmitted  somewhat  less  feebly  up 
to  3960,  at  which  point  the  spectrum  ends. 


(6)  The  normal  solution  dilntod,  1  to  100  volumes. 


Thicknemi 

Spectrum  continnous 
to 

mm« 

Va. 

Absorption  band. 

Raya 

transmitted. 

Vx. 

200 

8072. 

8354  to 

3537. 

3537  to  3960. 

100 

8072. 

8960. 

50 

8072. 

8960. 

40 

4006. 

85 

4006. 

80 

4006. 

20 

4128. 

15 

4128. 

10 

4128. 

5 

4176. 

4 

4176. 

8 

4220. 

2 

4820. 
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7t/i  Series.— Erbium  NiiraU,  Er,(N08)e,15H20  [Er-116]. 

Normal  solution :  32*64  grams  in  200  c.c.  equivalent  to  62  grama 
of  NOg  per  litre. 


ThickneM. 


mm. 

200 

100 


Spectrum  transmitted  con- 
tinaously  from  V^  17^^  to 


Va. 

2929. 
2961. 


50 

2961. 

40 

3005. 

80 

8005. 

25 

3021. 

20 

8021. 

10 

8085. 

5 

3086. 

4 

3172 

3 

3172 

2 

3295. 

Absorption  band. 
Va. 
3085  to  3864. 
3172  „  3568. 
3172  „  3474. 
3295  „  3363. 


Rays  transmitted. 

VA. 
3864  to  3920. 
3568  „  3920. 
3474  „  3920. 
3363  ..  3940. 


IsochromatJc  plates  were  used,  and  the  bands  characteristic  of 
erbium,  photographed  by  Liveing  in  solutions  of  the  nitrate,  were 
easily  recognised,  but  being  narrow,  owing  to  the  small  dispersion, 
only  the  centre  of  each  band  was  measured.  They  had  approximately 
the  following  oscillation-frequencies  and  wave-lengths.  These  bands 
disappear  when  the  liquid  layer  is  reduced  in  thickness  to  about 
25  mm. 


Scale  numbers. 

Liveing's 

Hundredtlis  of 

Va. 

A. 

measurementa. 

an  inch. 

A. 

39  0 

1912 

,- .  1 . .  - 

528 

47-6 

2008 

488 

G6-5 

2197 

449 

87  0 

2891 

4181 

415 

97-6 

2486 

4024 

404 

1085 

2582 

8870 

887^ 
877tuitit. 

114  5 

2681 

8799 

127-0 

2785 

8656 

865  1  violet 

148*0 

2882 

8492 
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7a  SirUi.'^Uran^  NUraU,  UO^N03),,6H,0  [U  «  119-9]. 

(a)  Normal  solution  :  25*2  grams  in  100  c.c.  equivalent  to  62  grams 

of  NOj  per  litre. 


Thickness. 


200 

100 

60 

40 

80 

25 

20 

15 

10 

5 

4 

8 

2 


Speetrum  oonttnuous 

trom  1695  to  1901. 
1565  „  1956. 
1665  M  2040. 

2040. 

2040. 

2040.  Rays  transmiftsd. 

2040.  Absorption  band,      very  feebly. 

2113.  V^- 

2183.       2133  to  2661 

2173.       2173  „  2609 

2250.        2250  „  2595 

2826.       2326  „  2445 
Rays  coDtinuous  to  2797. 


2611  to  2759 
2609  ,,2759 
2595  „  2797 
2445  ..  2797 


No  other  bands  were  distinctly  photographed,  but  there   was  a 
weakening  of  the  spectrum  at  points  below  '/X  2040  (X  4686). 

(6)  A  second  solation,  made  by  diluting  to  1 /100th  the  normal  strength. 


Thicknea. 

Rays  continuous 
to 

mm. 

Va. 

200 

2797. 

100 

2991. 

60 

8079. 

Isolated  line^  Terv  feeble. 

40 

8079. 

VA. 

80 

8079. 

8157 

25 

8079. 

8157,  8310. 

20 

8157. 

8279,  8330. 

15 

8343. 

8537,  8662. 

10 

8848. 

8537.  3662. 

6 

8587. 

3780. 

4 

8587. 

8908. 

8 

8587. 

8908. 

2 

8662. 

3003. 

The  beautiful  photographs  of  the  erbium  nitrate  spectra  under 
varying  conditions,  published  by  Liveing,  cannot  be  surpassed,  but 
unfortunately  they  do  not  extend  beyond  ^/X  2906,  at  which  point 
the  NO,  band  only  commences  {Trane.  Camb.  Phil.  Soe.,  1900,  18, 
298). 

It  was  thought  that  thorium  salts  might  show  the  existence  of  a 
band  or  bands  due  to  the  metal,  but  on  converting  the  nitrate  into 
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chloride  by  repeatedly  evaporating  it  to  dryness  with  strong  hydro- 
chloric acid  it  was  found  that  this  was  not  the  case,  the  absorption 
being  quite  continuous  at  all  dilutions. 


Scale  of  OBcUlation-frequencies. 


Thorium  Nitrate 
7  th  Series 


Mrbium  Nitrate 
7th  Series 


Uranyl  Nitrate 
7th  Series 


10 


-s^- 


0 


ti 


Where  the  curved  lirtes  are  thin  U  indicates  that  the  spectrum  is/eebly 
transmitted. 


The  thorium,  erbium,  and  uranyl  nitrates  exhibit  wide  differences. 
The  first  two  differ,  but  the  NOg  band  is  not  widely  displaced,  and 
therefore  it  might  be  considered  as  probable  that  with  thorium  nitrate, 
a  salt  which  in  solution  deposits  a  basic  compound  after  the  lapse  of 
three  or  four  months,  the  dissociation  is  not  of  the  same  kind  but  hydro- 
Ijrtio.  There  is,  however,  no  proof  of  this.  The  uranyl  nitrate  ex- 
hibits the  NO,  band  in  quite  a  different  position,  and  here  it  is  evident, 
either  that  the  salt  is  not  dissociated  at  all,  or  that  it  is  dissociated 
into  complex  ions,  in  one  of  which  the  NO,  group  is  associated  with 
uranium,  and  in  consequence  its  rate  of  vibration  is  greatly  retarded, 
as  might  be  expected  from  the  greater  atomic  mass  of  the  uranium. 
Lastly,  it  may  be  remarked  that  cobalt  and  nickel  nitrates  each  ex- 
hibit two  bands,  one  belonging  to  the  cation,  and  one  to  the  anion. 
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The  cation  id  each  caaa  shows  a  band  in  the  chloride,  bromide,  and 
>dide,  which  has  a  different  character  in  each  halogen  salt.     Their 
are,  howeyer,  not  recorded  in  the  present  communication. 


7%t  AhmrfUon  Sptlka  qf  Ethyl  yUraU  and  NUric  Acid, 

• 

It  was  neoeoary*  in  order  to  complete  these  observations,  to  examine, 

ndependentlj  of  Soret  and  Rilliet's  results,  the  spectrum  of  ethyl 

uitrate  as   photographed  through  different  thicknesses  of  the  pure 

compound  and  also  through  alcoholic  solutions  of  graduated  dilution. 

Nitric  acid,  both  strong  and  dilute,  was  also  examined. 

The  ethyl  nitrate  was  very  carefully  prepared,  and  nearly  the  whole 
of  the  liquid  boiled  at  87°  under  300  inches  pressure.  It  was  kept 
in  the  dark  until  submitted  to  spectroscopic  examination.  After 
moistening  a  quantity  of  about  10  c.c.  with  water  and  shaking  with 
test  papers,  it  was  found  to  be  perfectly  neutral. 


^xiTxc  Acuif  6tnntg  and  IHitUe,  Compared  with  Potassium  and  Sodium 

Nitrates, 

Very  pure  nitric  acid  of  sp.  gr.  1*431  was  examined  in  a  cell  having 
a  thickness  of  2  mm.  and  afterwards  placed  in  a  cell  100  mm.  thick 
and  filled  up  with  water.  The  very  curious  fact  was  noticed  that  the 
dilate  solution  was  more  strongly  absorbent  of  the  ultra-violet  rays 
than  the  strong  acid.  This  experiment  has  been  modified  in  various 
ways  and  with  acids  of  different  speci6c  gravities,  but  the  result  has 
been  the  same.  It  is  evident  that,  when  diluted  with  water,  the  acid 
undergoes  some  molecular  changes,  which  will  be  dealt  with  in  a 
further  communication. 


8<4  Sm§9,—£thyl  Nitrate, 
(a)  UndUuted. 


Thickness. 

Spectrum  coDtinnous 
to 

Lines  tranimitted. 

mm. 

Vx. 

VA. 

10 

3065. 

8100. 

5 

3114.       « 

3132  rery  faint 

4 

3157. 

3 

3157. 

2 

3157. 

l'n<lefinc(l  to  about  3193. 
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(6)  An  ^/lO  alcoholic  solution  (091  gram  in  100  grams  of  alcohol, 
b.  p.  78«). 


Thickness. 

S-  •• ;  r-ontinuous 

mm. 

VA. 

Lines  transmitted. 

200 

8157. 

Va. 

100 

3198. 

3169  and  3300. 

CO 

8399. 

3487  very  faint. 

40 

8899. 

3487,  3577. 

85 

3399. 

3487,  3577. 

80 

3399. 

3487,  3577. 

SO 

8587. 

3656,  3840. 

16 

3587. 

3656,  3901. 

10 

3587. 

3656,  3915. 

6 

3895. 

3901,  3917. 

4 

4061. 

4090  faint. 

8 

4061. 

4090  faint  and  4184. 

2 

4061. 

4128  faint  and  4184. 

There  is  no  indication  of  an  absorption  band.  The  isolated  lines, 
which  are  more  or  less  weakly  transmitted,  simply  indicate  that  the 
transmission  of  the  rays  does  not  terminate  abruptly. 

It  was  found  desirable  to  submit  pure  anhydrous  lithium  nitrate 
dissolved  in  anhydrous  alcohol  (b.  p.  78°)  to  the  same  method  of 
examination  as  that  performed  on  ethyl  nitrate  in  order  to  make  a 
strict  comparison  between  the  behaviour  of  an  organic  and  an  in- 
organic salt.  The  results  show  a  marked  difference  between  the 
constitution  of  the  ethyl  nitrate  and  that  of  the  solution  of  the 
metallic  salt.  Whereas  the  ethyl  nitrate  gave  no  indication  of  the 
existence  of  the  NO3  group  in  the  molecule  under  any  conditions,  the 
lithium  nitrate,  on  the  other  hand,  in  the  perfectly  anhydrous  alcoholic 
solution,  showed  distinctly  the  absorption  band  characteristic  of  a 
nitrate,  as  if,  in  fact,  the  salt  molecule  consisted  of  two  parts,  Li  and 
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Sik  Stn$$.'-LiUUum  NitnU: 
An  y/10  solution  oomparable  with  that  of  ethyl  nitrate. 


ThkknftM. 

Spectnmi  coutiououa 

'Bm. 

V^ 

Va. 

100 

89S0,  w«akfh>m 

2868. 

60 

SMO, 

2889. 

40 

SMO,  6xt6Dd«  UMij  to  2968. 

• 

ss 

2980,  WMk  from 

2920. 

M 

two.-      „ 

2961. 

15 

29S0. 

lUyi  transmitted 

Absorption  band. 

very  feebly. 

Vx. 

Va. 

3014  to  3050. 

3050  to  3822. 

10 

8014. 

3014  „  3058. 

3058  „  8881. 

5 

8058. 

3058  „  3638. 

3638  ,.  8881. 

4 

8058.     Line  8135. 

3135  „  3474. 

3474  „  8881. 

2 

3180. 

3180  ,,3474. 

3474  „  8931. 

Spectrum  weakened  from  3135,  3881,  and  3931,  indications  of  con- 
iinoons  rays  between  3180  and  3474  showing  that  the  absorption  band  is 
greftUj  weakened. 

8(A  Seri6$,  —NUric  Acid. 
Normal  solution. 


ThicknoM  of 
liqaid. 


(1)  10 

(2)  100 


m 


6   VDJtkx 


(4)    103 
[(5)        4 

(6)    100 


(O)        2 


(8)    100  mm. 


Continaoos  spectrnm 
to 


VX. 
8045. 
8045. 


8045. 

8045. 
8045. 

8045. 


8065. 


An  isolated  strong  line  very  feebly  transmuted... 

»i  f»  ••  *• 

Also  the  following  appear  extremely  feebly, 
8688.  8761,  8886. 

A  line  appearing  very  feebly  at  3135  with  the 
following,  8688,  8761,  8886... 

The  spectrum  the  same  exactly  as  5  mm. 

Isolated    strong    lines    appearing     exceedingly 
feebly,  8521.  3568,  3638  and  

Isolated    strong  lines  appearing    rery    feeblr, 
8521,  8568,  8688   

Precisely  the  same,  but  the  lines  apparently 
rather  less  feeble. 

Faint  continaoos  rays  risible  from  8065  to  aboat 
8180.  The  line  at  8180  appears  strong.  Lines 
are  also  seen  to  be  transmitted,  but  very 
feebly,  at  8184,  8299,  8828,  and  8492.  From 
8492  to  8889.  the  lines  are  transmitted 
^«trongly.  Hence  the  absorption  band 
much  weakened. 

This   dilate   solution  gires   exactly  the 
spectrum. 


Vx. 

8825' 
8825 


3825 


8880 
3886 


It  is  to  be  noted  that  No?.  (2),  (3),  and  (4)  are  exactly  alike. 
(5),  (6).  (7).  and  (8). 


Also 
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Sth  Smiss.Sodium  Nitrate. 
Normal  solution. 


Thieknett. 

spectrum  continuous 
to 

mm. 

Vx. 

Vx. 

/  10 
\100 

8045. 

Isolated  line  very  feebly  transmitted 

Isolated  strong  lines  feebly  transmitted,   3638, 

3825^ 

3045. 

3695.  3825,  3886. 

1 

(  ' 

3045. 

Isolated  strong  lines  feebly  transmitted,  3638, 
3695,  3761,  3825,  and  3886. 

1  100 

3045. 

Strong  line  very  feebly  transmitted  

3135J 

^  1  WW 

Isolated  strong  lines  feebly  transmitted,  3638, 

3695,  3761,  3825,  and  3886. 

Both  spectra  equally  strong. 

(  4 

8065. 

Isolated  strong  line  feebly  transmitted 

81351 

1 

Very  feeble,  3521,  3638,  3695,  3761,  8782,  3804, 

i 

3825,  3854,  and  3889. 

3135J 

vioo 

3065. 

Line  about 

Verj-  feeble,  3521,  3568,  3638,  3695,  3761, '3782. 

3825,  and  3889. 

The  two  spectra  are  quite  alike. 

Very  feeble  continuous  rays 

2 

3065. 

3106 

Strong  line,  3065.  Strong  line  appearing  feeble, 
3264.     Lines  appear  but  weakly  to  3927. 

" 

.100 

3066. 

Absolutely  the  same  to 

The  absorption  band  has  almost  disappeared. 

3927 

&th  Series.^-PotaaHum  NitraU. 

Normal  solution. 

Thickness. 

Spectrum  continuous 
to 

mm. 

Vx. 

r  10 
\100 

8046. 

Isolated  line  3826. 

' 

8046. 

Isolated  strong  lines  appearing  feeble,   8688, 

8696, 

8761,  3826,  and  8889. 

(    5 

8046. 

Isolated  strong  lines  very  feebly  transmitted, 
8186,  8688, 8696,  8761,  8826,  and  888P. 

about 

J 

lioo 

8046. 

Exactly  similar. 

f     4 

8066. 

A  line  about  8186  Terr  feebly  tnmsmittwl,  8600, 

8621,^ 

J 

8668,  8698,  8688,  8696,  8761,  8782,  8804,  8826.         1 

lioo 

8066. 

Exactly  similar,  though,  if  any  differance,  possibly  a  f 

little  stronger. 

; 

{' 

3186. 

Rays  transmittal,  8184,  8264,  8296,  8828,  8866, 
8492,  8629,  and  8927. 

8468,j 

lioo 

8186. 

BxaoUjr  similar. 

J 
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7^  Ab9orf$im  Sptotn  ^f  S^pkmrie  amd  HydroehUmc  Aetds  in  Normal 

Solutumi, 


A  normal  aolution  of  sulphuric  acid  transmitiiy  through  a  column  of 
liquid  300  mm.  in  length,  a  spectrum  which  is  continuous  to  ^/k  4413 
and  Sut  slightly  enfeebled  from  this  point  to  V^  4555.  The  same 
•olutioo  through  100  mm.  transmits  a  spectrum  which  is  practically 
that  of  wator.  In  the  same  way^  a  normal  solution  of  hydrochloric 
acid  transmits  a  spectrum  which,  through  200  mm.,  does  not  differ 
essentially  from  the  spectrum  of  water  up  to  ^/k  4555,  there  being 
only  a  slight  enfeeblement  of  the  rays  from  V^  4460.  A  thickness 
of  100  mm.  transmits  the  rays  as  freely  as  a  similar  column  of 
water. 

1%4  Ejfod  if  Lighi  on  Certain  qft^ts  Solutions. — It  has  been  mentioned 
that  some  of  the  haloid  salts  of  nickel  and  cobalt,  especially  in  con- 
centrated solutions,  are  decomposed  when  protected  from  access  of  air 
but  exposed  to  ordinary  daylight,  the  action  taking  place  where  the 
light  is  abtorbed  by  the  solution.  The  following  notes  were  made  of 
the  changes  observed  in  solutions  of  the  nitrates  when  they  had  been 
put  aside  after  the  examination  of  their  spectra.  The  solutions  of 
nitrates  of  normal  strength  had  been  preserved  for  two  years  in  colour- 
lees,  eylindrically-shaped,  well-stoppered  bottles  nearly  filled  with 
liquid  and  standing  in  a  glass  case,  but  not  exposed  to  sunshine. 

—^5 — *^*. — Very  slight  light  brown  deposit.     No  iron  present 

—^5 — *^. — A  pale  green   precipitate   which  rendered   the   liquid 
decidedly  turbid. 

V— i ^ — A  red  solution  with  a  rather  copious  brown  precipitate 

2 

which  adhered  to  the  glass  like  a  skin. 

^      »^». — A  brown  precipitate,  more  copious  where  there  were 

drops  of  liquid  on  the  glass  or  where  a  thin  layer  of  the  liquid 
adhered  to  the  glass. 

Bismuth  nitrate. — A  slight,  but  dense,  granular  precipitate  was 
deposited. 

Th(NO,)4  — ^  dense,  white  precipitate  which,  after  shaking  rapidly, 

settled.     Thorium  chloride  behaved  in  a  precisely  similar  manner. 
Pb(NQg), — Deposited  a  very  slight,  but  dense,  white  precipitate. 

Uranyl  nitrate  remained  perfectly  clear.     A  pure  neutral  solution 
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of  maDganese  sulphate  has  a  pale  pink  colour ;  after  a  few  days,  it 
becomes  colourless,  it  next  changes  to  pale  yellow,  then  to  a  clear 
brown  liquid,  which  6nally  becomes  turbid. 

Discussion  of  the  Results. 

The  results  obtained  in  the  course  of  various  investigations  of  the 
absorption  spectra  of  solid  salts  and  saline  solutions  must  be  taken 
into  account  in  any  attempt  to  elucidate  the  constitution  of  the  latter. 

Bunsen  (Pogg.  ilnn.,  1866,  128,  100)  examined  didymium  salts  in 
the  crystalline  state  as  well  as  in  solution  and  found  that  the 
width  of  the  absorption  bands  varied  with  the  thickness  of  the 
absorbing  medium  and  with  the  quantity  of  salt  contained  in  it. 
Solutions  of  the  chloride,  sulphate,  and  acetate,  each  containing  the  same 
weight  of  didymium,  yielded  different  spectra,  the  bands  being  shifted 
towards  the  red  end  of  the  spectrum  with  increase  in  the  molecular 
weight  of  the  salt. 

Not  only  one  or  two,  but  each  of  the  bands  near  the  Fraunhofer 
lines,  D,  E,  and  F,  sufifered  displacement. 

H.  Becquerel  has  more  recently  observed  such  variations  (Compt. 
rend.y  1887,  104,  777,  and  1691)  both  in  crystals  and  in  solutions  of 
the  salts.  liis  measurements  were  made  with  an  instrument  of 
smaller  dispersion  than  that  employed  by  Bunsen,  and  hence  the 
differences  in  the  spectra  of  solutions  of  different  salts  do  not  appear 
so  remarkable.  Muthmann  and  StUtzel,  "Beitrage  zur  Spectral- 
analyse  von  Neodym  und  Praseodym"  (B«r.,  1899,  32,  2653), 
recognised  great  differences  between  the  spectra  of  solutions  of  the 
nitrate,  chloride,  and  carbonate  of  neodymium.  The  last  compound 
differs  from  the  other  two  by  possessing  a  somewhat  intense  blue  colour. 
The  intensity  of  the  absorption  was  greatly  increased ;  the  band  in 
the  violet,  X  432 — 434,  was  no  longer  visible,  and  that  in  the  green 
was  stronger  than  in  the  nitrate.  There  was  a  marked  alteration 
in  the  wave-lengths  of  the  absorbed  rays,  which  showed  a  shifting  of 
the  bands  towards  the  red  end  of  the  spectrum,  the  maximum  of 
absorption  being  altered  to  the  extent  of  from  7  to  5  millionths  of  a 
millimetre  in  wave-length  in  the  yellow  and  green  rays.  The 
neodymiam  oarbonate  showed,  in  addition,  a  fine,  well-marked  dark 
line  in  the  orange  at  X  600'5,  which  disappeared  when  the  oarbonate 
WM  converted  into  salts  with  mineral  acids.  A  corresponding  band 
of  lets  intendtj  was  visible  in  the  acetate  at  X  5970.  The  relative 
inieositiee  of  the  bands  in  the  praseodymium  carbonate,  and  also  the 
order  in  which  the  lines  disappear  upon  dilution,  are  quite  different 
from  UioM  of  the  nitrate  and  the  chloride.  For  instance,  whilst  in  the 
niirmto    8o1qUo&  the  line  of  absorption  in   the   blue  is   the   most 
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p«rtiti«oi»  in  the  oarbooate  tolutioD  that  in  the  yellow,  approximately 
X  696*5,  it  the  last  to  dimppear. 

The  authort,  •aenmiog  that  these  changes  in  the  spectra  are  due  to 
the  dMlioljtic  diMoeiaHon  of  the  salts  hy  dilution,  are  nntble  to 
reooodle  with  this  the  fftct  of  the  neodymium  exhibiting  different 
absorption  spectra  when  the  chloride,  nitrate,  acetate,  and  carbonate 
are  examined.  On  the  assumption  that  the  salts  are  completely 
reeolved  into  ions,  the  neodymium  ions  in  the  solution  of  each  salt 
should  exhibit  the  several  bands  unchanged  in  position,  breadth,  and 
intensity,  the  neodymium  being  in  strictly  atomic  proportions  in  each 
eolation.  The  bands  should  furthermore  weaken  to  the  same  extent 
and  disappear  in  the  same  order  upon  further  dilution. 

Liveing  has  shown  that  concentrated  solutions  of  the  chlorides  and 
nitrates  of  didymium  and  erbium  containing  equivalent  quantities  of 
metal  show  the  same  absorption  spectra  for  each  element  in  solutions 
of  different  concentrations. 

Didymium  acetate  shows  a  modified  series  of  bands,  which  are  shifted 
more  towards  the  red  end  than  those  of  the  nitrate.  The  tartrate  in 
ammoniacal  solution  has  all  its  bands  more  diffuse  than  the  chloride, 
some  being  almost  diffused  away,  and  all  the  bands  are  shifted  towards 
the  red.  The  strong  solutions  of  the  nitrates,  however,  have  a  general 
absorption  of  the  more  refrangible  rays,  and  in  this  respect  they  differ 
from  those  of  the  chloride  and  acetate  of  didymium  and  from  that  of 
the  chloride  of  erbium  {Trails.  Camb.  Phil.  Soc^  1900,  18,  298). 

The  reason  of  this  peculiarity  of  the  nitrates  has  already  been  ex- 
plained in  Part  I  of  this  communication. 

lonisation  is  supposed  to  increase  with  dilution,  and  the  absorption  of 
rays  by  the  ions  should  increase  in  intensity  by  dilution  when  the  total 
quantity  of  salts,  dissociated  and  undissociated,  through  which  the  rays 
are  transmitted  remains  the  same,  but  the  experiments  on  dilution 
recorded  by  Liveing  militate  against  this  view,  as  he  has  pointed  out. 
lonisation  is  an  effect  which  should  be  increased  by  heating  and 
diminished  by  acidification,  but  it  was  proved  by  Liveing  that  the 
effect  of  heating  and  of  acidifying  salts  of  didymium  and  erbium  did 
not  cause  that  change  in  their  spectra  which  might  have  been  antici- 
pated. In  fact,  the  evidence  adduced  by  him  goes  very  far  towards 
precluding  the  possibility  of  the  bands  characteristic  of  these  salts 
being  produced  by  the  metallic  ions. 

The  effect  of  heat  {Scu  Trans.  Roy.  Dubl.  Soc.,  1900,  7,  [ii],  25S) 
on  dilute  and  on  concentrated  solutions  of  didymium  salts,  and  on 
solutions  of  praseodymium  and  neodymium  ammonium  nitrates,  is  to 
broaden  the  absorption  bands  without  any  diminution  of  intensity  ;  in 
fact,  the  spectra  are  altered  just  as  if  a  more  concentrated  solution  of 
the  salt  were  being  examined.     The  broadening  effect  was  on  the  side 
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of  the  absorption  bands  nearer  the  red.  Furthermore,  in  the  case  of 
neodjmium  ammonium  nitrate,  there  was  an  increased  general  absorp- 
tion of  the  more  refrangible  rays,  in  fact,  a  considerable  shortening  of 
the  spectrum,  but  no  similar  effect  was  seen  in  the  corresponding 
praseodymium  solution. 

In  a  recently  published  paper  (Sci.  Trans.  Roy.  Duhl.  Soc.,  1901, 
7,  [ii],  313—320),  I  have  pointed  out  that  certain  haloid  salts  of  copper, 
nickel,  and  cobalt,  which  are  hygroscopic,  form  definite  liquid  hydrates 
when  exposed  to  the  air,  and  that  the  hydrates  varied  in  composition 
with  slight  alterations  in  temperature.  The  observations  were  carried 
on  during  several  months,  and  deductions  were  drawn  as  to  the  nature 
of  these  hydrates  and  the  cause  of  their  formation. 

Carlo  Rossi  {Gazzetta,  1901,  31,  ii,  502—510.  Abstr.,  1902,  82, 
198),  has  made  a  comparison  of  the  solubility  coefficients  of  analogous 
salts  expressed  in  the  number  of  grams  of  a  compound  contained  in 
100  grams  of  water.  Analogous  salts  are  those  with  one  common  ion, 
whilst  the  other  ions  are  analogous  in  the  sense  of  the  periodic  law. 
From  the  tabulated  results  of  observations  on  sixteen  salts,  it  can  be 
calculated  that  the  number  of  water-molecules  required  to  dissolve  one 
molecule  of  salt  are  for  barium  32,  strontium  16,  and  calcium  8. 
Conversely,  the  numbers  of  molecules  of  the  salts  which  saturate  the 
same  quantity  of  water  stand  in  the  relation  therefore  of  1:2:4  for 
the  elements  in  the  above  order.  It  is  also  shown  that  the  molecular 
volumes  of  saturated  solutions  of  salts  of  analogous  series  have  the 
same  values  at  a  definite  temperature.  This  author  regards  such 
sal  urated  solutions  as  representing  at  any  definite  temperature  true 
chemical  compounds,  which  are  liquid  and  readily  dissociated,  being 
destroyed  by  the  very  slightest  change  in  temperature.  A  similar 
conclusion  was  inevitable  in  the  case  of  deliquescent  salts. 

The  evidence  that  molecules  of  hydrated  salts  exist  in  solutions 
ooDsiflts  of  a  large  number  of  well  ascertained  facts,  but  the  simplest 
mode  of  expressing  the  character  of  the  spectroscopic  evidence  is  as 
follows.  Salts  of  whatever  nature  which  crystallise  in  the  anhydrous 
state  and  do  not  form  hydrates  exhibit  absorption  spectra  in  saturated 
solutions  made  at  16°  or  20°,  which  undergo  but  little  change  upon 
heating  to  100°,  and  the  nature  of  the  change  is  such  that  it  may 
generally  be  predicted  for  each  salt.  But  the  saturated  solutions  of 
crystalline  hydrated  salts  undergo  remarkable  changes  when  heated, 
and  the  actual  nature  of  such  changes  in  their  absorption  spectra 
cannot  be  predicted,  but  they  correspond  either  with  the  formation 
of  dilTerent  known  hydrates  or  with  the  colour  of  the  anhydrous  salt 
The  sole  exceptions  observed  among  coloured  compounds  are  certain 
salts  of  chrominm,  in  which  the  nature  of  the  change  was  explained 
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and  aeoouDted  for  in  the  originAl  eommuDicatioD  (Sei  Traru,  Roy, 
DM.  Soe,,  1900,  7,  [ii],  353).  Dietz»  Frank,  voq  Wroobum,  and 
Mjliot  haT«  shown,  from  a  study  of  the  solubilities  of  various  salts, 
thai  there  are  no  fewer  than  five  modifications  of  calcium  chromate 
which  all  exist  in  solution  within  a  certain  range  of  temperature,  so 
that  ft  18°  as  many  as  five  distinct  saturated  solutions  of  calcium, 
chromAte  may  be  obtained  (Wias.  Abhandl,  Phys.-Tech.  ReichMTUudt, 
1900,  3.  425—477  ;  also  Abstr.,  1897.  72,  ii,  316,  442 ;  1899,  76,  ii, 
209,  321).  Adie  (Trans.,  1891,  60,  344)  examined  potassium  nitrate 
at  dilutions  1/5  (nearly),  1/75,  1/K),  1/20,  1/40,  and  1/80  normal, 
and  found  that  by  comparing  the  observed  osmotic  pressures  in  terms 
of  atmospheres  P  with  the  number  of  times  this  is  greater  than  v  («• 
being  calculated  on  the  assumption  that  the  ultimate  osmotic  pressure 
is  the  same  as  would  be  exerted  by  the  compression  of  a  gram- 
molecule  of  hydrogen  into  the  same  space  as  the  solution  occupies),  a 
curve  is  formed  which  may  be  divided  into  four  parts.  Starting  with 
a  saturated  solution,  dilution  diminishes  the  osmotic  pressure  until 
we  get  to  1/7*5;  from  there  to  about  1/10,  the  pressure  is  almost 
normal,  at  the  former  point  a  little  less,  and  at  the  latter  a  little  more, 
than  normal.  This  may  represent  the  duration  of  existence  of  some 
complex  molecule  of  the  salt  or  of  a  definite  hydrate. 

When  the  dilution  is  1/10  normal,  the  dissociating  action  of  the 
solvent  may  be  supposed  to  begin  to  take  effect  on  the  complex  mole- 
cule of  the  salt.  This  goes  on  increasing  through  dilutions  1/20, 
1/40,  and  1/80,  but  does  not  pass  beyond  the  line  of  complete  dis- 
sociation into  ions,  which  apparently  coincides  with  this  last  dilution 
{ibid.,  p.  352).  It  is  precisely  at  these  points,  namely,  1/20,  1/40, 
and  down  to  1/80  normal,  that  the  absorption  spectra  show  the 
effect  of  the  NO,  group  on  the  curves  of  the  various  nitrate  solutions. 
Judging  from  the  osmotic  pressures,  sodium  nitrate  behaves  anomal- 
ously, for  with  a  dilution  of  1/10  normal  it  is  in  a  condition  between 
a  wholly  and  a  half  dissociated  salt,  but  at  1/40  it  behaves  as  if 
entirely  undissociated. 

In  connection  with  these  osmotic  pressures,  Adie  remarks  that 
"as  the  curves  are  so  nearly  continuous,  we  cannot  infer  the 
existence  of  definite  hydrates  in  the  solutions  of  the  salts  examined. 
For  this  purpose,  one  must  get  a  larger  range  of  observations,  which 
can  be  procured  by  some  less  lengthy  method,  such  as  the  lowering  of 
the  freezing  point." 

Six  other  metallic  nitrates  were  examined  at  dilutions  of  1/20 
and  1/40  of  a  gram-molecule  per  litre  in  order  to  ascertain  the 
induence  of  the  base  upon  osmotic  pressures  and  dissociation  constants. 
It  may  be  remarked  that  at  1/20  the  osmotic  pressures  of  magnesium. 
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barium,  cobalt,  and  copper  are  much  greater  than  those  of  calcium 
and  strontium,  which  correspond  closely  with  those  of  potassium  and 
•odium,  but  there  are  differences  at  1/40  dilution. 

Whatever  the  cause  of  this  may  be  it  is  remarkable  that  the 
spectrum  curves  below  1/40  of  the  normal  solutions  of  calcium  and 
strontium  nitrates  differ  from  those  of  barium,  but  closely  resemble 
those  of  sodium  and  potassium  nitrates. 

In  some  instances,  dissociation  takes  place  into  free  acid  and  a  basic 
■alt.  Adie  concludes  that  the  action  of  the  solvent  is  two-fold,  and 
may  be  expressed  as : 

(i)  **  Combination  of  the  molecules  of  the  dissolved  substance  with 
the  solvent  to  form  complex  molecules. 

(ii)  Separation  of  the  complex  molecules  of  the  dissolved  substance, 
under  the  action  of  the  solvent,  into  simpler  molecules,  not  necessarily 
as  small  as  the  limiting  gaseous  molecule." 

The  observations  made  independently  by  very  different  methods  on 
the  same  salts,  in  solutions  of  similar  strengths,  lead  to  nearly  the 
same  conclusions  as  regards  their  molecular  condition. 

Organic  Substances  of  a  Basic  Character. 

It  has  already  been  pointed  out  that  ethyl  nitrate,  whether  alone 
or  in  solution,  yields  the  same  spectrum,  and  there  is  no  evidence 
whatever  that  the  molecule  contains,  or  is  composed  of,  dissimilar 
parts.  In  this  respect,  the  esters  of  nitric  acid  are  entirely  different 
from  solutions  of  inorganic  nitrates.  If  we  turn  now  to  the  absorp- 
tion curves  of  nitrogenous  organic  bases  and  their  hydrochlorides,  the 
differences  in  the  mode  of  vibration  of  the  base,  the  acid,  and  the 
salt  are  in  some  instances  very  striking  (Trans.,  1885,  47,  685). 

The  substances  examined  were  : 

(1)  Pyridine  and  pyridine  hydrochloride. 

(2)  Quinoline  and  quinoline  hydrochloride. 

(3)  Tetrahydroquinoline  and  tetrahydroquinoline  hydrochloride. 

(4)  o-Toluidine  and  its  hydrochloride. 
(6)  ;>-Toluidine  and  its  hydrochloride. 

The  differences  between  the  spectra  transmitted  by  the  base  and 
the  salt  respectively  in  (1)  are  but  slight.  There  is  a  marked  differ- 
enee  between  the  base  and  the  salt  in  (2),  and  there  are  still  greater 
differences  in  (3),  (4),  and  (5).  These  differences,  which  are  somewhat 
diverse  in  character,  could  in  no  case  have  been  predicted,  though  a 
similarity  is  to  be  remarked  between  the  differences  noticed  between 
base  and  salt  in  (3).  (4),  and  (5),  which  the  curves  illustrating  the 
orifinal  paper  clearly  exhibit.  As  the  substances  (1)  and  (2)  are 
feeblj  basic,  and  the  salU  therefore  easily  hydrolysed,  the  absorption 
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eunrw  of  the  baaea  diffar  but  slightly  from  thoaa  of  the  aalta.  The 
abaorptioo  cnrrm  of  the  aalta  of  the  stronger  baseii,  (3),  (4),  and  (5), 
differ  widelj  from  thoae  of  the  baaea  alone.  It  is  to  be  inferred  from 
this  that  they  are  neither  completely  ionised  nor  hydrolysed. 

The  ooDoluaiona  arrived  at  and  recorded  at  the  time  may  here  be 
quoted  (toe.  eiL,  p.  693). 

**  itoleeulee  of  compounds,  that  is  to  say,  molecules  composed  of  dis- 
aimilar  atoms,  vibrate  as  wholes  or  units,  and  the  fundamental  vibra- 
tiooa  give  rise  to  secondary  vibrations  which  stand  in  no  visible 
relation  to  the  chemical  constituents  of  the  molecule,  whether  theae 
be  atoms  or  smaller  molecules.  Hence  it  appears  that  a  molecule  is  a 
distinct  and  individual  particle  which  cannot  be  represented  by  our 
miial  chemical  formule,  since  these  symbolise  certain  chemical 
reactions  and  fail  to  express  any  relation  between  phyHiciil  and 
chemical  properties." 

This  is  true  in  the  case  of  carbon  compound!^  where  subistitution 
has  taken  place,  and  it  also  holds  good  for  various  esters  and  salts  of 
organic  bases,  but  the  statement  requires  some  modification  when  we 
deal  with  either  alcoholic  or  aqueous  solutions  of  metallic  salts  ;  for  it 
ia  an  incontestable  fact  that  the  NO,  group  exhibits  its  presence  in 
various  ways  when  the  nitrates  are  suitably  diluted  beyond  1  gram- 
molecule  of  substance  in  20  litres  of  water,  and  yet  we  cannot  affirm 
that  the  NO,  is  a  free  and  independent  mobile  particle  under  these 
conditions,  because  the  inOuence  of  the  base,  or  of  the  positive  ion,  is 
apparent  This  fact  is  rendered  evident  as  well  by  Adie's  investiga- 
tions as  by  the  absorption  spectra. 

There  is  a  remarkable  difference  between  the  constitution  of  ethyl 
nitrate,  on  the  one  hand,  whether  undiluted  or  in  dilute  alcoholic 
solution,  and,  on  the  other  hand,  that  of  the  equally  dilute  solutions 
of  inorganic  nitrates  of  various  kinds.  The  CjH^NOg  molecule  vibrates 
aa  a  whole,  and  there  is  nothing  in  its  spectrum  to  indicate  the 
existence  within  the  molecule  of  any  parts  which  can  be  differentiated. 
The  nature  of  the  differences  in  the  absorption  spectra  of  the  inorganic 
nitrates, in  dilutions  ranging  from  NO,  in  20  litres  of  solution  to  NO, 
in  100  litres,  is  that  which  may  be  expressed  by  saying  that  in  nearly 
all  caaeethe  intramolecular  vibrations  characteristic  of  the  NO,  group 
are  clearly  exhibited.  With  dilutions  ranging  from  a  normal  solution 
to  dilutions  of  1/18  and  to  1/19  normal,  the  nature  of  the  absorp- 
tion is  generally  that  due  to  molecular  vibrations  only  ;  that  is  to  say, 
it  is  a  general  absorption  due  to  the  motion  of  the  molecules,  and  the 
parts  of  the  molecules  are  not  differentiated.  Such  motion  of  trana- 
lation  is  accelerated  by  heat,  and,  consequently,  by  raising  the  tem- 
perature of  the  solution  the  absorption  spectrum  is  intensified,  the 
effect  being  to  give  it  the  appearance  of  a  stronger  solution  at  a  lower 
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temperature,  but  the  spectrum  is  not  otherwise  altered.  This  fact  is 
capable  of  a  simple  explanation  by  the  action  of  heat  causing  so  many 
more  molecules  to  pass  into  the  path  of  the  rays  that  the  effect  is  the 
same  as  if  the  solution  were  more  concentrated. 

Though  evidence  of  what  may  be  regarded  as  ionic  dissociation  is 
afforded  by  the  absorption  spectra  of  dilute  solutions  of  inorganic 
DitrateSi  yet  the  spectra  are  not  all  alike  as  they  would  be  if  there 
was  a  complete  resolution  into  NO3  and  metallic  ions,  and  in  some 
instances  the  evidence  is  as  equally  favourable  to  the  view  that  cer- 
tain salts  are  resolved  into  HNOg  and  a  base.  The  difference  between 
the  absorption  curves  of  various  nitrates  is  greatest  with  nitrates 
oontaioing  cations  of  greatest  atomic  mass  relatively  to  the  NO3 
ions. 

An  explanation  applicable  to  all  the  hitherto  observed  facts  in 
relation  to  absorption  spectra  and  the  chemical  constitution  of  saline 
solutions  is  as  follows. 

Assuming  the  salts  to  be  completely  ionised  at  greater  dilutions 
than  1/20  normal,  there  must  still  be  an  attraction  of  the  positive 
for  the  negative  ion  which  leads  them  to  move  in  pairs  or  groups  of  a 
more  or  less  complex  character.  For  instance,  in  the  case  of  a  nitrate 
represented  by  MNO3,  where  M  is  the  metal,  the  rate  of  motion  of  the 
M  may  be  accelerated  or  retarded  by  the  NO3,  or  vice  verad,  the  rates 
of  vibration  being  determined  by  the  relative  masses  of  the  ions. 
When  the  mass  of  the  positive  ion  is  H=l,  K  =  3915,  Ag=  107-93, 
Tl  =  2041,  and  so  on,  we  have  N03  =  62;  but  for  Cd  =  112  we  have 
(NOj^j,  for  Th  =  232,  (NOg)^,  and  for  Pb  =  206-9,  (N08)2.  With  bis- 
math,  the  result  is  in  all  probability  BiO'NOg,  and  therefore  we  have 
BiO  —  224  with  NOj  =  62.  The  more  powerful  absorptions  in  regions 
of  longer  wave-lengths  which  characterise  the  salts  with '  high  mole- 
cular weights  are  thus  accounted  for.  Furthermore,  in  dealing  with 
magnesium,  zinc,  calcium,  strontium,  and  barium  nitrates,  the  com- 
paratively slight  differences  in  the  absorption  curves  may  be  readily 
understood,  while  the  general  similarity  in  their  spectra  to  the  absorp- 
tion band  of  the  NO3  ion  is  owing  to  the  differences  in  the  atomic 
mftaeei  of  the  metallic  ions  being  too  small  to  have  any  appreciable 
effect  on  the  absorption  spectra ;  such,  at  any  rate,  as  could  be  measured 
with  instruments  of  small  dispersion.  But,  as  already  indicated,  it  is 
otherwise  in  the  case  of  elements  the  atoms  of  which  are  of  large 


It  has  been  explained  that  as  the  intramolecular  vibrations  are 
dependent  on,  and  are  a  consequence  of  the  molecular  vibrations  in, 
iooh  compounds  as  benzene,  triphenylmethane,  naphthalene,  anthra- 
oeoe,  Ac.,  and  that  where  the  oscillation  frequencies  of  the  molecular 
vibratioDS  are  retarded    by  the  increased  mass  of  the  molecule,  so 
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Id  like  manner  ar«  the  oeoillation-frequencies  of  the  intramolecuUr 
▼ibrations  retarded.  Acoordiogly  we  have  the  positive  ion»  in  its 
aUraetioo  for  the  negative  ion,  causing  acceleration  in  the  rate 
of  Ttbration  of  the  negative  ion  when  the  mass  of  the  atom  is 
■mailer  than  that  of  the  NO,,  as,  for  instance,  in  the  case  of  sodium, 
potaiynm,  or  lithium.  Conversely,  the  NO,  accelerates  the  motion  of 
the  positive  ion  when  the  atomic  moss  of  the  latter  is  greater  than 
that  of  the  NO3,  but  when  the  atomic  mass  of  the  positive  ion  is 
milBciently  large  the  difference  is  quite  appreciable. 

Attention  has  already  been  directed  in  Part  I,  p.  573,  to  the 
probable  relation  of  electrolytic  dissociation  to  photographic  action  in 
the  following  words :  "  there  is  reason  to  believe  that  the  action  of 
radiant  energy  or  dilute  solutions  is  of  more  frequent  occurrence  than 
la  oaually  admitted  or  taken  into  account,"  and  instances  were 
■MiitioDed.  Since  then,  three  remarkable  communications  by  J. 
Chunder  Bose  have  been  published  (Proc.  Roi/.Soc„ld02,  70,  154—193). 
It  is  supposed  on  good  (grounds  **  that  the  effect  of  radiation  is  to 
produce  a  state  of  molecular  strain."  Experimental  evidence  is 
adduced  which  shows  that  the  molecular  strain  caused  by  the  action 
of  light  changes  the  physico-chemical  properties  of  substances  so  that 
it  becomes  possible  to  develop  a  latent  image  through  differences  in 
chemical  stability  as,  for  instance,  by  reducing  agents. 

It  is  evident  from  their  spectra  that  solutions  of  metallic  nitrates,  in 
dilutions  corresponding  to  one  gram-molecule  of  nitric  acid  in  20  to  100 
litree  of  water,  are  in  a  condition  of  molecular  strain,  inasmuch  as  we 
pOMOOO  evidence  of  their  internal  molecular  vibrations  in  parts  which 
have  not  been  actually  separated. 

Conclusion. 

The  ultimate  conclusion  drawn  from  this  work  is  that  the  operations 
of  dissolving  a  salt  and  diluting  the  solution  do  not  cause  a  separation 
oi  the  compound  into  ions,  but  only  a  dissociation  of  such  a  character 
that  the  molecule  is  shown  to  consist  of  two  parts — the  movements  of 
the  one  being  influenced  by  those  of  the  other,  so  that  the  molecule  of 
the  salt  is,  in  fact,  not  completely  resolved  into  ions,  but  is  in  a  condi- 
tion of  molecular  tension.  The  application  of  external  energy,  such  as 
light  or  electricity,  may,  however,  readily  cause  a  separation  such  as 
may  be  brought  about  by  electrolysis  or  by  static  electricity  and,  in 
some  instances,  by  photographic  action. 

In  the  case  of  esters  such  as  ethyl  nitrate,  the  conditions  are  seen 
to  be  entirely  different  because  the  molecule  is  manifestly  neither 
dissociated  nor  in  a  state  of  molecular  tension,  there  being  no  evidence 
of  NOj  having  entered  into  the  composition  of  the  compound,  even 
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when  the  substance  haa  been  dissolved  and  diluted  until  the  ethyl 
nitrate  no  longer  causes  absorption  of  any  of  the  rays  of  the  spectrum 
which  the  solvent  is  capable  of  transmitting. 


XXIV. — Phenocycloheptene, 

By  Fbbderic  Stanley  Kipping  and  Albert  E.  Hunter. 

Taking  the  conversion  of  hydrindamine  hydrochloride,  on  heating,  into 
the  hydrocarbon  indene  and  ammonium  chloride  (Kipping  and  Hall, 
Trans.,  1900,  77,  467)  as  an  example  of  the  ease  with  which  aromatic 
cyclic  hydrocarbons  containing  a  partially  reduced  closed  chain  may 
be  obtained  from  the  corresponding  saturated  cyclic  amines,  it  seemed 
highly  probable  that  homologues  of  indene  could  be  synthesised  in  a 
similar  manner. 

Moreover,  as  no  hydrocarbon  containing  a  benzene  nucleus  condensed 
with  a  seven-carbon  ring,  either  reduced  or  partially  reduced,  has 
hitherto  been  prepared,  the  production  of  such  a  compound  seemed  to 
present  an  inviting  subject  for  investigation,  the  results  of  which  are 
here  recorded. 

When  the  dry  hydrochloride  of  pheno-a-aminocyc/oheptane 
(Kipping  and  Hunter,  Trans.,  1901,  79,  602)  is  heated  at  about  240^, 
it  breaks  up  into  ammonium  chloride  and  an  unsaturated  hydrocarbon, 
a  homologue  of  indene;  the  following  equation,  C,^Hj3NH2,HCl  = 
OjiH|2  +  NH^Cl,  expresses  this  change. 

The    unsaturated    character    of    this    hydrocarbon    is   established 
beyond  a  doubt  by  the  ease  with  which  it  combines  with  bromine  and 
by  the  readiness  with  which  it  is  oxidised  at  the  ordinary  temperature 
by  a  dilute  neutral  solution  of  potassium  permanganate ;  the  position  of 
the  double  binding  is  also  established  by  the  fact  that  the  oxidation 
product  is  a  dicarboxylio  acid  having  the  constitution 
p  „  ^H„-CH,-CH.-CO-H 
^e^4S:J0,H     *    ^       *    , 
identical  with  the  acid  described  by  Roser  (Ber.^  1885,  18,  3118). 
There   is,  therefore,  little   doubt  that  the  hydrocarbon   is   a  cyclic 
homologue  of   indene  and  of   dihydronaphthalene,  the   series   being 
indicated  by  the  following  formulae : 

Ull, 

ludcno  DihydroDnpIithaleue  Phenoeyefoheptene. 

(Ph«no«yel0pMit«ae).  ( Phenofyr /ohcxcnc). 
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and,   in   accordanoe   with  this  viow,  W0  hav«  named  it   phenocyc/o- 


This  hjdrooarbon  dispUys  a  marked  contrast  to  indene  in  its 
behaTioar  towards  picric  acid  and  towards  bensaldehyde,  for  whereas 
iodsiie  readilj  forms  with  picric  acid  an  additive  compound  which  may 
l>e  used  for  the  identificAtion  of  the  hydrocarbon,  phenocyc/oheptene 
iloes  not  give  a  like  product ;  moreover,  indene  readily  condenses  with 
btBnddehyde  in  presence  of  a  little  sodium  ethoxide,  forming  a  well- 
dsfittad  oompoand,  bat  phenoeyefeheptene  cannot  be  made  to  undergo 
a  similar  condensation. 

This  difference  in  behaviour  seems  at  first  sight  remarkable,  con- 
sidering the  analogy  between  the  constitution  of  indene  and  that  of 
phMMMfetoheptene,  bat  the  explanation  no  doubt  depends  on  the  fact 
that  the  aocamulation  of  methylene  groups  increases  the  aliphatic 
character  of  the  compound.  The  non-formation  of  a  picrate  is  thus 
aoooanted  for,  because,  although  a  great  many  hydrocarbons  containing 
a  meihenyl  (CHI)  group  afford  picrates,  others,  such  as  the  di-  and 
tetra-hydrobenzenes,  which  contain  methylene  groups,  do  not  appear 
to  form  such  derivatives. 

A  similar  difference  in  character  has  also  been  observed  in  the  c&se  of 
the  two  ketones,  a-hydrindone  and  pheno-a-ketoheptamethylcne,  which 
correspond  with  the  two  hydrocarbons,  indene  and  pheoocyc/oheptene 
respectively  ;  the  former  ketone  is  a  solid  melting  at  44°,  the  latter  is 
a  liquid  at  the  ordinary  temperature  ;  moreover,  the  oxime  of  a-hydr- 
indone  melts  at  146°  and  the  phenylhydrazone  at  120° ;  the  oxime  of 
pheno-aketoheptamethylene  melts  at  108 — 109°,  whilst  the  phenyl- 
hydrasone,  which  does  not  crystallise  at  all  well,  decomposes  with 
great  rapidity.  These  differences  indicate  that  the  aliphatic  character 
is  more  pronounced  in  the  case  of  pheno-a-ketoheptamethylene  than  in 
that  of  a-hydrindone. 

EXPBRIIIENTAL. 

Distillation  of  Pheno-a-aminocyc\ohepta7ie  Ili/drochlorule. 

When  the  pure  dry  hydrochloride,  in  quantities  of  about  5  grams,  is 
carefully  heated  in  a  small  Wiirtz  flask,  no  change  is  observed  until  a 
temperature  of  about  240°  is  reached  ;  the  mass  then  partly  liquefies ; 
on  heating  more  strongly,  decomposition  takes  place,  and  a  neutral  oil 
distils  over  together  with  a  little  solid  matter,  leaving  behind  a  white 
substance  which  sublimes  on  the  cooler  parts  of  the  flask.  The  oil  is 
dissolved  in  ether,  the  solution  washed  with  water  and  dried  with 
fused  calcium  chloride ;  the  ether  is  then  distilled  off  and  the  residue 
fractionated.  In  the  first  distillation,  practically  the  whole  of  the 
liquid  passes  over  between  231°  and  234°,  leaving  a  very  small  quantity 
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of  residue  ;  the  portion  boiling  at  231 — 234°,  when  redistilled,  yields 
a  pure  product  having  a  boiling  point  of  233*5 — 234°  (757  mm. 
pressure),  the  mercury  thread  being  entirely  immersed  in  the 
vapour. 

In  order  to  prove  that  the  decomposition  proceeds  as  in  the  case  of 
bydrindamine  hydrochloride,  the  sublimate  was  examined  and  was 
found  to  be  ammonium  chloride. 

rhenocycloheptenef  thus  obtained,  is  a  colourless,  mobile,  highly 
refractive  liquid  having  a  rather  strong  odour,  recalling  that  of 
naphthalene  or  indene ;  its  purity  was  established  by  the  following 
analysis : 

0-2107  gave  07071  COj  and  01570  H^.     0  =  915;  H  =  8-3. 
CnHj 2  requires  C  =  91-6;  H  =  8'3  per  cent. 

In  order  to  compare  its  density  with  that  of  its  lower  homologue, 
indene,  specific  gravity  determinations  were  made  with  a  freshly  dis- 
tilled sample  boiling  at  234°. 

The  weights  of  water  and  liquid,  at  4°,  are  11444  and  1*1554 
respectively,  each  weight  being  the  mean  of  5  determinations  ;  the 
sp.  gr.  is  1*009  at  4°/4°. 

The  sp.  gr.  of  synthetical  indene,  prepared  in  an  analogous  manner 
by  Kipping  and  Hall  (loc,  cit),  is  1*008. 


Action  of  Fariou8  Rectgents  on  Phenocycloheptene. 

A  small  quantity  of  the  hydrocarbon  does  not  furnish  a  picrate 
either  on  warming  with  picric  acid  or  on  mixing  the  two  substances  in 
benzene  solution. 

As  indene  readily  condenses  with  benzaldehyde  giving  a  crystalline 

derivative,  Cfi,<^^^!!^^^>CH.     (Marckwald,    Ber,    1895,   28, 

1500),  it  seemed  desirable  to  see  if  pheuoeye/oheptene  would  bchivoin 
a  like  manner. 

This,  however,  does  not  seem  to  be  the  case,  for  if  the  hydrocarbon 
is  warmed  with  benzaldehyde,  even  in  the  presence  of  a  considerable 
quantity  of  sodium  ethoxide,  no  reaction  appears  to  take  place,  as 
no  change  in  colour  is  observed  and  there  is  no  development  of  heat ; 
the  product,  moreover,  does  not  solidify  on  standing. 

On  treatment  with  strong  sulphuric  aoid  at  the  ordinary  temperature, 
the  hydrocarbon  passes  into  a  pasty  mass,  which,  on  adding  water,  is 
precipitated  as  a  heavy  oil.  As  this  product  did  not  seem  to  crystal- 
lise at  all  readily,  it  was  not  investigated  ;  possibly  it  is  a  condensa- 
tion product  having  the  following  constitution  : 
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/N/CHjCH, 


\/N)h,-ch/ 


Apparently,  nearlj  the  whole  of  the  hydrocarbon  is  converted  into 
this  substance,  and  sulphouation,  if  it  takes  place  at  all,  does  so  only 
to  a  limited  extent. 

Phenoeyo^heptene  is  not  readily  acted  on  by  cold  concentrated 
nitric  acid,  but  on  the  addition  of  a  little  strong  sulphuric  acid 
nitration  seems  to  occur,  most  of  the  hydrocarbon  passing  into  solu- 
tion;  on  subsequently  diluting  with  water,  a  yellow  solid  is  pre- 
cipitated. 

Oxidation  of  PhenocjcXoheptena  with  Potasaium  Permanganate, 

In  order  to  prove  the  existence  of  an  ethylene  linking  in  the  seven- 
membered  carbon  ring  of  phenocye/oheptene,  the  action  of  potassium 
permanganate  was  tried ;  it  was  found  that  a  dilute  neutral  solution 
was  readily  redaced  by  a  few  drops  of  the  hydrocarbon  at  the  ordinary 
temperature  even  though  the  latter  is  practically  Insoluble  in  water. 

Powdered  potassium  permanganate  was  added  to  the  hydrocarbon 
suspended  in  water  until  the  pink  colour  persisted,  the  solution  being 
afterwards  filtered  and  evaporated  to  a  small  bulk ;  on  acidifying 
with  hydrochloric  acid,  an  acid  was  obtained  which  crystallised  out,  on 
cooling,  in  long,  slender  needles   melting  at  122°. 

As  under  the  above  conditions  the  production  of  phenyl butyric- 
o-earboxylic  acid,  which  is  described  by  Roser  (loc,  cit.)  as  crystallising 
in  plates  melting  at  138°,  was  expected,  the  oxidation  product  was 
recrjstallised  from  water,  dried  over  sulphuric  acid,  and  analysed, 
tbe  following  rmult  being  obtained  : 

01188  gave  0*2764  CO,  and  0  0598  H,0.    0  -  63*45 ;  H  -  5*58. 
OiiHijO^  requires  C-  63*4 ;  H  =  5  70  per  cent. 

It  thus  appears  from  the  analysis  that  oxidation  has  resulted  in 
the  production  of  phenylbutyric-o-carboxylic  acid ;  this  view  of  the 
composition  of  the  acid  being  confirmed  by  an  analysis  of  its  silver 
salt: 

0-056  gave  00285  silver.     Ag » 50*9. 

CiiHj^j04Agj  requires  Ag=»51*2  per  cent. 

The  great  difference  in  melting  point  and  crystalline  form  between 
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our  acid  and  Hoser's  was  at  first  inexplicable,  as  in  both  cases  the 
method  of  formation  pointed  emphatically  to  the  constitution 
COaH-CgH^'CHg'CHg-CHg-COgH,  and  isomerism  was  out  of  the 
question.  We  therefore  prepared  phenylbutyric-o-carboxylic  acid  by 
Roser's  method,  namely,  by  heating  together  phthalic  and  succinic 
anhydrides  in  presence  of  anhydrous  sodium  acetate,  and,  after  boiling 
the  solution  of  the  resulting  anhydride,  reducing  the  benzoylpropionic- 
ocarboxylic  acid  in  sealed  tubes  by  means  of  hydriodic  acid  and 
phosphorus  ;  the  reduced  acid  thus  obtained  crystallised  from  water 
in  shining  plates,  melted  at  138°,  and  was'  apparently  quite  different 
from  that  obtained  by  the  oxidation  of  phenoc^/c^oheptene. 

It  was  subsequently  found,  however,  on  crystallising  the  acid 
obtained  by  the  oxidation  of  the  hydrocarbon,  that  instead  of  giving 
needles  melting  at  122°  it  was  deposited  from  water  in  plates 
melting  at  138°. 

The  identity  of  this  acid  with  the  one  obtained  by  Roser's  method 
was  then  easily  established ;  intimate  mixtures,  obtained  by  evapor- 
ating to  dryness,  aqueous  solutions  of  the  acids  from  the  two  sources 
in  various  proportions,  were  found  to  melt  at  the  same  temperature 
as  the  separate  components,  namely,  at  138°. 

These  observations  seemed  to  show  that  phenylbutyric-o-carboxylic 
acid  is  dimorphous,  and  further  experiments  conOrmed  this  view, 
inasmuch  as  the  acid  obtained  by  the  oxidation  of  the  hydrocarbon, 
when  crystallised  from  water,  sometimes  gave  the  needles  melting  at 
122°  and  sometimes  the  less  fusible  plates. 

Wishing  to  make  a  more  complete  investigation  of  the  supposed 
dimorphism,  we  tried  to  convert  the  sample  prepared  by  Roser's 
method  into  the  modification  melting  at  122°,  but  were  unsuccessful ; 
moreover,  on  oxidising  a  further  quantity  of  the  hydrocarbon,  we  were 
unable  to  get  the  form  melting  at  122°,  the  acid  persistently  separat- 
ing from  water  in  plates  melting  at  138°,  even  when  the  solution  was 
crystallised  at  temperatures  ranging  from  0°  to  about  100°. 

The  same  result  was  obtained  when  the  acid  was  crystallised  from 
water  containing  hydrochloric  acid  or  potassium  chloride ;  although, 
unfortunately,  we  have  not  been  able  to  arrive  at  any  satisfactory 
explanation  of  our  failure  to  determine  the  conditions  which  give  the 
substance  melting  at  122°,  our  experiments  show  exclusively  that  the 
oxidation  product  of  phenocyc/oheptene  is  identical  with  Roser's 
phenylbutyric-o-carboxylic  acid. 

Oxidation  <if  Pkeno-a-ketoheplamethyUne  with  Nitric  Aeid. 

In  a  previous  paper  (ibid.),  we  described  the  results  of  oxidisiDg 
this  ketone  with  nitric  acid,  and  showed  that  o-phthalic  acid  was  one 
of  the  products  thus  obtained.     Having  a  further  quantity  of  the 
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ketone  at  our  dispo<ta1,  we  repeated  the  experiment  under  different 
conditions  in  order  to  obtain  phenylbutyric-o-carboxylic  acid,  and  thus 
confirm  the  conclusions  arrived  at  from  the  results  of  the  oxidation  of 
the  hydrocarbon  with  potassium  permanganate.  On  boiling  the 
ketone  with  very  dilute  (about  2 — 3  per  cent.)  nitric  acid,  practically 
the  whole  passes  into  solution,  and  after  evaporating  to  a  small  bulk, 
filtering,  and  allowing  to  cool,  an  acid  crystallises  out  in  shining 
plates  melting  at  138°. 

This  product  is  sparingly  soluble  in  cold  water  and  agrees  in 
physical  properties  with  phenylbutyric-o-carboxylic  acid  prepared  by 
Roser's  method ;  moreover,  on  evaporating  aqueous  solutions  of  mix- 
tures of  the  acids  in  varying  proportions,  homogeneous  solids  melting 
at  138^  are  obtained. 

Action  of  Bromine  on  Phenocycloheptene. 

In  order  to  demonstrate  further  the  unsaturated  character  of  pheno- 
cycloheptene, we  attempted  to  prepare  a  dibromo-additive  compound 
by  slowly  adding  the  theoretical  quantity  of  bromine,  in  dry  chloro- 
form, to  the  hydrocarbon  in  the  absence  of  daylight ;  a  considerable 
amount  of  heat  was  developed  during  the  process,  the  product  being 
well  cooled  from  time  to  time  ;  after  the  whole  of  the  bromine  had  been 
added,  the  solution,  which  was  colourless,  was  left  for  several  hours. 
The  chloroform  was  then  distilled  off,  but  on  attempting  to  fraction- 
ate the  residue  it  turned  dark  brown,  and  evolved  hydrogen  bromide 
as  soon  as  the  temperature  reached  about  80° ;  even  under  a  pressure 
of  only  15  mm.,  considerable  decomposition  takes  place,  the  separation 
of  hydrogen  bromide  being  accompanied  by  charring,  so  that  only  a 
small  quantity  volatilises  as  a  thick,  dark  oil. 

The  additive  compound,  however,  is  volatile  in  steam,  and  is  thus 
obtained  in  an  almost  colourless  condition  ;  it  has  then  a  strongly 
aromatic  odour,  and  is  heavier  than  water  at  the  ordinary  temperature. 
It  does  not  solidify  on  cooling  to  0°,  whereas  indene  dibromide  is  a 
solid  melting  at  44°.  Prolonged  boiling  with  sodium  carbonate  solu- 
tion has  little  or  no  effect  on  the  dibromide,  and  digestion  with  dilute 
nitric  acid  apparently  does  not  afford  a  crystalline  oxybromide, 
the  production  of  which  might  be  expected  from  the  ease  with 
which  indene  dibromide  yields  a  crystalline  oxybromide  under  like 
conditions. 

The  authors  desire  to  thank  the  Government  Grant  Committee  of 
the  Royal  Society  for  a  grant  in  aid  of  this  research. 
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XXV. — Researches  on  Silicon  Compounds.     Part  VIII. 

Interactions   of  Silicophenylamide   and    Thiocarh- 

imides. 

By  J.  Emerson  Reynolds,  M.D.,  Sc.D.,  F.R.S. 

The  fine  crystalline  silicophenylamide  described  in  Part  V  of  this 
series  of  papers  has  been  shown  (Trans.,  1900,  77,  836)  to  lose  aniline 
on  careful  heating  and  to  afford,  in  the  first  instance,  silicotriphenyl- 
guanidine  and  then  silicodiphenylimide.  The  latter  substance  was 
also  found  to  exist  in  two  modifications,  one  being  soluble,  and  the  other 
insoluble,  in  benzene.  These  substances  being  apparently  analogues  of 
known  carbon  compounds,  it  became  desirable  to  ascertain  whether 
either  of  them  could  be  formed  by  definite  chemical  interaction  rather 
than  by  heat  alone. 

The  comparative  ease  and   completeness  with   which  the   change 

Si(NHPh),  =  Si(NPh)2  +  2PhNH, 

can  be  realised,  suggested  the  investigation  of  the  action  of  thicarb- 
imides,  or  mustard  oils,  on  the  primary  silicon  compound.  It  was 
anticipated  that  silicophenylamide  would  interact  in  the  following 
manner  with  a  thiocarbimide, 

Si(NHPh)^  +  2NR:CS  =  Si(NPh)2  +  2NHPh-CS-NHR, 

and  that  the  silicon  diimide  and  symmetrical  disubstitated  thiocarb- 
amide  could  be  easily  separated. 

In  the  experimental  part  of  this  paper,  it  is  shown  that  the  above 
change  can  be  realised,  and  therefore  that  the  diimide  can  be  formed 
by  chemical  interaction ;  but  that,  owing  to  the  marked  tendency  of 
silicon  to  build  up  complex  molecules,  other  and  unexpected  changes 
occur  with  the  thiocarbimides  under  varying  conditions.  The 
mustard  oils  chiefly  used  were  the  methyl-,  ethyl-,  and  phenyl-thio- 
carbimides,*  and  these  agree  in  yielding  three  classes  of  products, 
namely : — 

(1)  Addition  compounds,  by  simple  union  with  silicophenylamide, 
when  the  latter  and  the  thiocarbimide  are  heated  together,  either 
without  or  with  a  solvent  (benzene  preferably)  under  the  atmospheric 
preMore.  For  example,  ethylthiocarbimide  used  in  excess,  and  dissolved 
in  benzene,  gives  fine,  needle-like  crystals  of 

Si(NHPh)^,2NEt:CS. 

*  Allylthioearbimide  alto  inUraoU  with  ■ilicophenylamide,  bat  the  pretence  of 
the  QiuatQreted  allyl  radiclo  introduced  a  now  and  complicating  fitctor  which  it  was 
desirable  to  exclude  in  the  Ertt  inatanoe. 
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When  Uio  tluoearbimido  ui  not  in  ezcemt,  the  compound 

8i(NHPh)^,NEt:C8 

is  obtained  in  rhombic  plates.     Both  these  substances  readily  part 

with   their  thiocarbimide  at  100^  and  leave  the   silicophenylamide 

unchanged. 

(3)  Compounds  isomeric  with  those  of  (1),  which  are  produced  by  the 

iteraotion  of  silicophenylamide  with  two  molecules  of  thiocarbimide 

:i  pressure  tubes  at  ICO*'.     These  are  very  viscid  liquids,  homogeneous 

)  solvents,  bat  capable  of  slow  dissociation  in  boiling  benzene  into 

the  insoluble   modiBcation   of   silicodiphenylimide   and   symmetrical 

thiocarbamide.     Hence,  under  the  conditions  stated,  the  anticipated 

interaction    occurs,    but    the    products   form   the   viscous   pubstance 

Si(NPh),,2NHR«CS-NHPh,   which   is   much    more   difficult   to   dis- 

sociate  than   the   addition   compounds   of   the   first  order,  but   then 

affords    a    symmetrical    thiocarbamide   instead   of    a   thiocarbimide. 

The  constitution  for  these  substances  which  best  accords  with  the 

fasts  is 

HPhN>s^Q.^NPh-CS-NHPh 
HPhN-^^^^NPh-CS-NHPh  » 

since  it  indicates  their  capacity  for  interaction  with  two  additional 
mols.  of  thiocarbimide. 

(3)  Compounds  of  a  third  class  are  found  to  exist,  which  result  from 
the  interaction  of  silicophenylamide  with  four  molecules  of  thio- 
carbimide at  160 — 170^  under  pressure.  The  products  are  very  viscid 
liquids,  but  they  are  not  homogeneous,  as  crystals  slowly  separate 
which  prove  to  be  those  of  a  thiocarbamide,  and  the  proportion  of  the 
latter  varies  with  the  length  of  time  the  tubes  have  been  heated.  In 
these  cases,  it  i»  probable  that,  in  the  earlier  stages  of  the  interactions, 
compounds  of  the  second  order  are  produced,  and  the  further  attack 
by  excess  of  the  thiocarbimide  leads  to  the  intermediate  formation  of 

Si(NPh-CS-NHR),; 

this  product,  on  continued  heating,  breaks  down  (the  amount  of  de- 
composition depending  on  the  duration  of  the  experiment)  into  disub- 
stituted  thiocarbamides,  usually  both  symmetrical  and  unsymmetrical, 
and  a  residue  which  constitutes  a  great  part  of  the  viscid  liquid.  The 
three  thiocarbimides  afforded  similar  products  when  sufficiently  heated, 
and  the  viscid  liquids  so  obtained  are  soluble  in  benzene,  dissociation 
taking  place  only  when  the  intermediate  compound  was  present,  owing 
to  imperfect  action.  These  liquids  are  precipitated  unchanged  from 
their  benzene  solutions  by  ligroin ;  they  are  dissolved  and  decomposed 
by  alcohol,  and  yield  ethyl  orthosilicate,  alkyl  dithiocar hamate,  and 
VOL.   LXXXIII.  T 
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strongly  basic  substances  of  the  guanidine  type.     Hence  the  constitu- 
tion of  the  new  silicon  compound  formed  in  each  case  is  probably 

This  view  is  supported  by  the  further  observation  that  silico- 
diphenylimide,  prepared  by  heat  alone  from  silicopheuylamide,  com- 
bines directly  with  a  thiocarbimide  at  170 — 180°  to  form  a  compound 
having  the  Lame  properties. 

The  general  conclusion  which  results  from  this  part  of  the  investiga- 
tion is  that  the  analogies  traceable  between  silicon  and  carbon  in 
these  nitrogen  compounds,  and  the  interactions  which  lead  to  their 
formation,  are  only  well  marked  in  the  second  class  of  new  substances, 
whilst  in  those  of  the  third  class  they  almost  disappear. 

Experimental. 
1.  Addition  Compounds  of  Silicophenylamide  with  Tkiocarbamides. 

Ethylthiocarbimide  was  that  first  used,  and  in  the  proportion  of  two 
mols.  to  one  mol.  of  silicophenylamide.  The  latter  was  dissolved  in 
the  smallest  possible  quantity  of  boiling  benzene,  the  imide  was  then 
added,  and  the  boiling  continued  for  some  time.  On  cooling,  the  liquid 
had  no  longer  the  odour  of  the  thiocarbimide  ;  more  was  therefore 
added  and  the  solution  again  heated,  but  without  effecting  further 
combination.  As  no  crystals  separated,  even  on  long  standing  in  the 
cold,  ligroin  was  added  until  the  mixture  became  turbid,  when  a  good 
crop  of  long,  needle  like  crystals  gradually  formed.  These  were  re- 
moved, redissolved  in  benzene,  again  separated  by  ligroin,  and  dried 
over  oil  of  vitriol.  The  dry  crystals  had  a  slight  smell  of  thiocarb- 
imide at  the  ordinary  temperature,  but  the  odour  became  very  strong 
when  they  were  heated  at  97°,  the  temperature  at  which  they  begin 
to  melt.  On  heating  in  dry  hydrogen  until  the  weight  remained  con- 
stant, they  lost  3016  per  cent,  of  thiocarbimide  instead  of  the  30*52 
per  cent,  required  by  theory  for  Si(NHPh)^,2NEt:CS. 

A  determination  of  silicon  gave  5 '03  per  cent.  Si  instead  of  4*92, 
the  sample  having  undoubtedly  lo£>t  a  little  thiocarbimide  while  drying 
over  oil  of  vitriol.  So  loosely  is  a  portion  of  the  imide  held  that 
repealed  solution  in  benzene  with  precipitation  by  ligroin  led  to  a 
very  appreciable  dissociation. 

The  mother  liquor  from  which  the  above  compound  had  separated  was 
distilled  down  to  a  small  volume  and  the  excess  of  thiocarbimide  partly 
removed  along  with  the  vapours  of  benzene  and  ligi-oin.  The  hot 
residual  liquid  was  again  treated  with  ligroin  until  just  turbid,  and 
then  set  aside.     Rosettes  of  small  needles  separated  after  some  hours, 
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mixed  with  a  few  of  tho  long  crystals  of  the  first  compound.  The 
latter  were  picked  out  and  the  rosettes  were  purified  by  diHsolving  in 
the  minimiim  of  boiling  bensene,  from  which,  after  two  days,  the  new 
oompound  separated  in  small  rosettes  ;  these  wore  rapidly  washed  with 
benxene  and  dried  over  oil  of  vitriol. 

This*  compound  also  gives  off  thiocarbimide  on  heating,  but  not 
nearly  so  readily  as  that  first  obtained,  consequently  it  is  much  more 
easily  produced  and  kept  in  good  condition  for  analysis,  and  tho 
results  agree  closely  with  the  formula  Si(NHPh)^,EtN:C3.  Theory, 
Si-5-79;  N=.  14-50.  Found,  Si  =.5-78;  N=1477  and  U-73. 
Therefore,  in  presence  of  the  solvent  benzene,  ethylthiocarbimide  only 
forms  addition  compounds  with  silicophenylamide.  I  may  add  that  on 
heating  the  two  substances  without  solvent,  even  at  the  boiling  point 
of  the  thiocarbimide  under  atmospheric  pressure,  there  is  no  farther 
action. 

MeUtyllhiocarlnmide  yields  the  compound  Si(NHPh)^,2MeNICS  in 
short,  trimetric  prisms ;  these  being  most  easily  obtained  by  heating 
silicophenylamide  without  a  solvent  and  at  tne  ordinary  pressure. 
Combination  is  easily  e£fected  by  this  means,  and  the  new  compound 
is  best  obtained  by  dissolving  the  product  in  the  least  possible  volume 
of  hot  benzene,  and  then  adding  ligroin  gradually  until  a  slight 
turbidity  is  obtained  ;  the  crystals  slowly  separate  on  cooling.  This 
compound  is  quite  as  easily  decomposed  by  heat  as  that  obtained 
from  ethylthiocarbimide. 

From  phenylthiocarbimide,  the  compound  Si(NPh)2,2NPh'CIS  is 
produced  by  the  treatment  described  above,  and  is  obtained  in  crystals 
which  are  apparently  monoclinic  prisms. 

2.  InUractiona  of  Silicophenylamide  with  Two  Molecules  of 
2'hiocarbim  ides. 

As  the  heating  together  of  silicophenylamide  with  a  thiocarbimide, 
either  in  the  presence  of  solvents  or  without  solvents  at  the  ordinary 
pressure,  led  merely  to  the  production  of  addition  compounds,  the  next 
experiments  were  made  in  sealed  tubes.  Two  mols.  of  ethylthio- 
carbimide and  one  of  silicophenylamide  were  sealed  up  and  carefully 
heated  in  a  glycerol  bath.  Th&  contents  of  the  tube,  when  liquefied, 
were  heated  at  140^,  and  a  change  commenced,  leading  to  the  forma- 
tion of  a  yellow  liquid,  wibich  increased  in  amount  as  the  temperature 
rose  to  160°.  Half  an  hour's  heating  at  160^^  completed  the  reaction. 
On  cooling,  the  material  became  syrupy,  and  when  cold  the  contents 
consisted  of  a  clear  and  very  viscid  liquid  quite  free  from  the  odour 
of  thiocarbimide,  even  on  warming.  It  was  therefore  evident  that  a 
definite  interaction  had  taken  place. 

T  2 
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A  portion  of  this  liquid  was  sealed  up  in  a  tube  and  kept  for  several 
months,  but  ifc  did  not  exhibit  any  tendency  to  crystallise,  and 
seemed  perfectly  homogeneous.  To  the  remainder,  benzene  was  added, 
the  two  liquids  being  freely  miscible,  but  slow  evaporation  of  a  part 
of  the  solution  did  not  furnish  crystals,  and  only  an  oily  residue  was 
left.  Again,  ligroin,  when  added  gradually  to  the  benzene  solution, 
only  caused  the  separation  of  oily  droplets,  and  by  the  addition  of 
sufficient  ligroin  the  whole  of  the  product  was  precipitated  as  a  heavy 
and  viscid  liquid  layer.  A  repetition  of  the  treatment  proved  to  be 
the  best  mode  of  purifying  the  material  from  the  small  proportion  of 
secondary  products  which  formed  during  the  interaction.  When  so 
purified,  and  gently  heated  to  expel  any  benzene  and  ligroin,  the  very 
viscid  and  slightly  yellow  liquid  was  found  to  act  with  indifferent 
solvents  as  a  homogeneous  substance.  The  percentage  of  silicon  was 
determined  and  proved  to  be  Si  =  4*96,  or  practically  the  same  as  that 
of  the  addition  compound,  Si(NHPh)4,2EtNICS,  already  described. 
The  two  substances  are  therefore  isomeric,  but  very  different  in 
properties. 

Attempts  were  then  made  to  effect  the  dissociation  of  the  viscid 
liquid,  and  the  problem  was  solved  by  the  prolonged  digestion  of  the 
substance  in  ten  volumes  of  boiling  benzene. 

Under  these  conditions,  a  gelatinous  substance  gradually  separated, 
which,  when  collected,  washed  well  with  benzene,  and  dried,  was  found 
to  contain  Si  =  13-35  percent.,  theory  for  Si(NPh)2  being  Si=  13-33 
per  cent.  Silicodiphenylimide,  in  its  insoluble  modification,  is  therefore 
one  of  the  products  of  dissociation,  and  the  marked  tendency  of  the 
silicon  diimide  to  pass  into  the  modification  insoluble  in  benzene 
facilitates  the  change. 

The  benzene  solution,  when  concentrated  and  filtered  from  some 
more  diimide,  yielded  crystals  on  cooling.  These  were  collected 
and  purified  by  solution  in  ether,  from  which  they  were  obtained  in 
the  beautiful  plates  characteristic  of  symmetrical  phenylethylthio- 
carbamide.  They  melted  at  101°  and  gave  the  usual  reaction  of  a 
thiocarbamide  with  alkaline  lead  tartrate. 

Therefore,  by  the  interaction  of  1  mol.  of  silicophenylamide  with 
2  mols.  of  ethylthiocarbimide  at  160°,  the  anticipated  interaction  was 
ultimately  realised,  but  it  was  complicated  by  the  intermediate  forma- 
tion of  a  new  and  tolerably  stable  substance,  which  may  be  represented 
by  the  formula  Si(NPh),.2EtHN«CS-NHPh,  but  more  probably  has 
the  following  constitution  : 

NHPh^Q.^NPh-CS-NHEt 
NHPh-^^'^NPh-CS-NUEt  • 

The  new  substance  has  the  same  percentage  composition  as  the  addition 
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compouDcl  of  the  first  order,  and,  like  the  latter,  is  dissociated  in  boiling 
beniene,  though  much  more  slowly  and  into  wholly  different  products. 

Methyl-  and  phtnyl-thiocarhimidet  were  found  to  yield  viscid  liquids 
of  similar  composition,  which  dissociate  in  the  same  manner.  The 
phenyl  mustard  oil  necessarily  produced  thiocarbanilide  as  the  sym- 
metrical thiocarbamide  resulting  from  the  change. 

It  is  evident  that  compounds  having  the  constitution  represented 
by  the  second  of  the  above  formulae  should  be  able  to  interact  with  two 
additional  molecules  of  thiocarbimide  and  yield  Si(XR*CS*NHPh)^. 

3.  InUractian  of  Silicophenylamide  wit/t  eoccess  of  Thiocarhimides. 

In  addition  to  the  considerations  mentioned  at  the  end  of  the  last 
section  it  was  noticed  that  the  substance  resulting  from  the  inter- 
action of  the  silicon  compound  at  160°  with  two  mols.  of  the  imide 
gave  evidence  of  the  presence  of  secondary  products.  It  was  also 
noticed  in  preliminary  experiments  that,  when  a  distinct  excess  over 
two  molecules  of  thiocarbamide  was  used,  the  whole  of  the  latter  dis- 
appeared and  the  secondary  products  were  present  in  still  larger  pro- 
portions in  the  liquids  removed  from  the  pressure  tubes.  Direct 
observations,  therefore,  indicated  that  silicophenylamide  could  com- 
bine with  more  than  two  molecules  of  thiocarbimide,  and  the  results 
of  small  experiments  left  no  doubt  that  sufficiently  prolonged  heating 
under  pressure  led  to  the  disappearance  of  four  molecules  of  a  mustard 
oil.  It  was  also  found  that  the  products  of  interaction  with  methyl- 
thiocarbimide  were  rather  less  difficult  to  separate,  hence  I  shall 
describe  the  treatment  adopted  in  the  largest  experiment  made  with 
that  substance. 

Pure  crystallised  methylthiocarbimide  (18  grams)  and  24  grams  of 
silicophenylamide  (4  : 1  mols.)  were  sealed  up  in  a  pressure  tube,  which 
was  then  gradually  heated  in  a  glycerol  bath.  The  methyl  compound 
speedily  melted  and  dissolved  the  silicophenylamide,  and  complete  lique- 
faction was  obtained  with  perfect  mixture.  A  portion  of  the  tube 
projected  outside  the  bath,  and  in  this  the  volatile  thiocarbimide  con- 
densed and  dropped  back  into  the  liquid.  As  the  interaction  proceeded, 
this  condensation  diminished,  and  after  heating  at  170 — 180°  for  three 
hours  it  practically  ceased.  The  tube  and  its  contents  were  allowed  to 
cool  overnight;  when  cold,  the  material  resembled  that  already  de- 
scribed in  the  second  section,  but  the  very  viscid  product  was  not 
homogeneous,  as  crystals,  which  subsequently  proved  to  be  those  of 
separated  thiocarbamide,  slowly  formed  throughout  the  somewhat 
yellow,  and  nearly  solid,  mass.  When  the  tube  was  opened,  there 
was  a  slight  odour  of  uncombined  thiocarbimide  with  that  of  methyl 
sulphide. 
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The  contents  of  the  tube  were  then  liquefied  by  heat  and  allowed 
to  flow  into  a  flat-bottomed  flask,  in  which  they  were  further  warmed 
to  expel  volatile  matter. 

In  a  former  experiment,  it  was  found  that  the  direct  separation  of 
the  thiocarbamide  could  be  effected  by  dissolving  the  product  from 
the  tube  in  benzene,  precipitating  nearly  all  the  viscid  substance  by 
addition  of  sufficient  ligroin,  pouring  off  the  supernatant  liquid,  and 
allowing  it  to  stand  for  a  day,  when  the  thiocarbamide  which  crystal- 
lised out  was  easily  purified  by  repeated  crystallisation  from  alcohol. 
The  thick  liquid,  when  purified  by  redissolving  in  benzene  and 
fractional  precipitation  by  ligroin,  ultimately  gave  a  product  which 
contained  Si  =  802  percent,  and  was  easily  decomposed  by  solution  in 
alcohol. 

Taking  advantage  of  the  knowledge  of  these  facts,  and  considering 
that  the  products  of  decomposition  of  the  viscid  liquid  by  alcohol 
would  probably  afford  the  best  evidence  of  the  constitution  of  the  new 
substance,  the  whole  of  the  material  from  the  present  experiment  was 
at  once  dissolved  in  hot  alcohol,  in  which  it  was  completely  soluble.  The 
solution  was  digested  for  several  hours  so  as  to  secure  the  conversion 
of  silicon  into  ethyl  silicate.  The  alcohol  was  then  distilled  off,  carry- 
ing with  it  compounds  derived  from  the  dithiocarbamates  probably 
formed  during  the  treatment.  The  residue  was  digested  with  aqueous 
alcohol,  and  hydrated  silica  separated  as  a  product  of  the  hydrolysis 
of  the  ethyl  silicate.  When  the  hydrate  was  completely  removed,  the 
filtered  solution  was  found  to  be  strongly  alkaline.  The  basic  sub- 
stance was  just  neutralised  by  hydrochloric  acid  and  the  liquid  then 
largely  diluted  with  water.  In  this  way,  any  substituted  thiocarb- 
amide present  was  precipitated,  while  the  hydrochloride  of  the  base 
remained  in  solution.  The  basic  substance  was  precipitated  in  an 
amorphous  state  by  sodium  hydroxide,  but  its  solution  in  alcohol 
furnished  botryoidal  groups  of  crystals  which  melted  at  140°.  This, 
and  similar  bases  produced  in  the  other  interactions,  will  be  fully 
described  later  on. 

The  pure  base  gave  N-15'13  per  cent.  The  formula  C,gHjjNj 
requires  14*95  per  cent. 

It  afforded  a  fine  platiniohloride  easily  purified  by  crystallisation ; 
this  gave  Pt-  1911  per  cent.  The  formula  (Ci8H23N3)jHjPtCla,2H,0 
requires  Pt«  19*32  per  cent. 

This  substituted  guanidine  gives  a  hydrochloride  which  crystallises 
well.  lake  all  the  guanidines,  it  forms  a  readily  fusible  picrate  by 
which,  owing  to  its  low  solnbility,  it  can  be  separated  from  dilate 
■olationR  of  the  salts. 

It  is  therefore  probable  thai  when  silicophenylamide  is  heated  at 
170—180°    with     excess    of    yethylthiocarbamide    the    compound 
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Si(Nrh*CS*NIIU)4  is  formed,  but  this  gradually  brtakt  down  by 
lonp  continueil  heatini^  into  a  diRubstituted  thiocarbamide  and  the 
tiiial  viucid  Bubslniicc,  whirh  pivo  Si  — 8*02  percent.,  7*87  per  cent, 
being  required  by  tlio  formula 


PhN 
PhN 


>-^^ 


The  prod  acts  afiforded  by  the  alcoholic  decomposition  of  the  oily 
compound  accord  with  this  view  of  its  constitution. 

Moreover,  a  liquid  substance  possessing  the  same  properties  was 
formed  by  heating  at  170 — 180°  for  three  hours,  two  mols.  of  the  thio- 
carbimide  with  1  mol.  of  silicodiphenylimide,  which  latter  bad  been 
independently  prepared  in  the  first  instance  by  heating  silicophenyl- 
.imide  in  a  current  of  dry  hydrogen  until  2  mols.  of  aniline  had  been 
removed. 

Eikylihioeairbimtde  and  phenylthiocarhimide^  when  heated  in  excess 
with  silicophenylamide,  afforded  products  similar  to  that  obtained  with 
methylthiocarbimide,  but  the  experiments  performed  with  them  were 
not  made  with  such  comparatively  large  quantities  of  materials  as 
were  osed  in  the  case  of  the  work  with  methylthiocarbimide.  In  each 
instance,  guanidines  also  result  from  the  alcoholic  decomposition  of 
the  new  silicon  compounds. 


XXVI. — The  Influence   of  Molybdenum   and  Tungsten 
Trioxides  on  the  Specific  Rotations  of  \- Lactic  Acid 
and  Potassium  \- Lactate, 
By  Qkobge  Gerald  Henderson  and  James  Prentice. 

It  has  been  shown  by  Henderson  and  Prentice  (Trans.,  1902,  81, 
658)  that  the  changes  in  the  rotation  of  a  solution  of  potassium 
/•lactate  which  are  produced  by  the  dissolution  of  increasing  quantities 
of  arsenious  oxide  or  boric  oxide  point  to  the  formation  of  potassium 
arseniolacUte,  CH,-CHO(A80)-C02K,  and  potassium  borolactate, 
CH3-CH0(B0)'C0jK,  respectively.  It  has  also  been  shown  that 
evidence  of  the  existence  of  arsenio-  and  boro-lactic  acids  is  obtained 
by  observation  of  the  rotations  of  solutions  of  the  oxides  in  /-laotic 
acid.  Corresponding  experiments  have  now  been  made  with  molyb- 
denum and  tungsten  trioxides,  and  results  have  been  obtained  which 
prove  that  these  oxides  react  with  potassium  lactate  in  aqueous  solu- 
tion to  form  a  molybdi lactate  and  a  tungstilactate  of  potassium 
respectively,   the  composition  of  which  may   be  represented   by  the 
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formula  R02(C3H40gK)j.  Further,  it  has  been  found  that  when 
sodium  molybdate  or  sodium  tungstate  is  dissolved  in  an  aqueous  solu- 
tion of  lactic  acid,  sodium  salts  corresponding  to  the  above  potassium 
salts  are  produced,  and  that  molybdenum  trioxide  and  lactic  acid 
interact  in  aqueous  solution  with  formation  of  a  substance  in  which 

1  mol.  of  MoOg  is  combined  with  1  mol.  of  CgH^Ojj. 
Molybdenum  trioxide  is  readily  dissolved,  under  suitable  conditions, 

by  a  warm  aqueous  solution  of  potassium  /-lactate.  The  specific 
rotation  increases  with  the  quantity  of  oxide  in  solution,  and  reaches 
a  maximum  when   the  substances  are  present  in   the   proportion  of 

2  mols.  of  lactate  to  1  mol.  of  oxide,  that  is  to  say,  in  the  quantities 
necessary  for  the  formation  of  potassium  molybdilactate  according  to 
the  equation  2C8H5O3K  +  M0O3  =  Mo02(C3H,03K)2  +  Ufi.  The  yellow- 
ish  solution  of  this  compound  may  be  kept  without  undergoing  change, 
but  if  a  small  additional  quantity  of  molybdenum  trioxide  is  dissolved 
in  it  the  liquid  acquires  a  blue  colour  and  gives  a  crystalline  deposit 
after  a  short  time.  Tungsten  trioxide  is  also  dissolved,  though  with 
much  greater  diflSculty,  by  a  hot  aqueous  solution  of  potassium  /-lactate. 
The  specific  rotation  increases  slowly  as  the  quantity  of  oxide  in  solu- 
tion is  increased,  and  the  highest  reading  is  obtained  when  the  sub- 
stances are  present  in  the  proportion  corresponding  with  the  equation 
2C8H5O3K  +  WO3  =  W02(C3H403K)2  +  HgO.  No  more  than  a  trace  of 
oxide  in  excess  of  this  quantity  passes  into  solution,  whatever  be  the 
concentration  of  the  lactate,  and  thus  the  formation  of  a  definite 
compound,  potassium  tungstilactate,  is  indicated. 

Sodium  molybdate  and  the  corresponding  tungstate  both  dissolve 
readily  in  an  aqueous  solution  of  /-lactic  acid.  In  each  case,  the  specific 
rotation,  wliich  increases  as  more  salt  is  added,  reaches  a  maximum 
when  1  mol.  of  molybdate  or  tungstate  is  present  for  each  2  raols.  of 
lactic  acid,  and  diminishes  on  addition  of  larger  quantities  of  the  salt. 
These  results  show  that  the  following  reaction  has  occurred  in  each 
ease,  2CjU,03  +  Na^RO^  -  ROa(C8H^03Na)2  -|-  2H,0,  hence  that  moly  bdi- 
and  tungsti-lactates  are  formed  by  the  interaction  of  lactic  acid  with 
molybdates  and  tungstates  as  well  as  by  the  action  of  molybdenum 
and  tungsten  trioxides  on  lactates. 

An  aqueous  solution  of  /-lactic  acid  dissolves  molybdenum  trioxide 
in  the  cold,  but  the  compound  formed  is  unstable  when  exposed  to 
light,  and  the  liquid  quickly  acquires  a  blue  colour  unless  kept  in  the 
dark.  When  inci*easing  quantities  of  the  oxide  are  dissolved,  the 
8peci6c  rotation  also  increases  until  2  mols.  of  M0O3  are  present  for  each 
2  molt,  of  CglijO,,  but  diminishes  if  more  oxide  is  added.  The  point  at 
which  the  specific  rotation  reaches  its  highest  value  corresponds  with 
the  formation  of  a  compound  MoOjICjH^O,  or  MoOj(OH)«0,H^O,. 
On  the  other  hand,  tungsten  trioxide  was  found   to   be  so  sparinffly 


MOLTBDBNUlf  AND  TITNOSTEN  TRIOXIDBS.  261 

•oloble  in  a  solution  of  Mactio  acid  that  it  wm  uteleM  to  det«rmio« 
Um  rotation. 

The  chief  intorott  of  the  results  described  in  this,  as  well  as  in  the 
previous  paper  {loc,  cU,),  lies  in  the  fact  that  they  are  in  accordanco 
with  the  views  regarding  the  constitution  of  compounds  of  the 
"tartar  emetic"  typ^,  which  have  been  fully  stated  in  a  former  com- 
muni<5stion  to  the  Society  (Trans ,  1899,  75,  542)  and  therefore  need 
not  be  recapitulated  here.  It  is  sufficient  to  note  that,  according  to 
tbaee  views,  molybdenum  and  tungsten  trioxides  should  react  with 
lactates  to  form  compounds  of  the  formula  R02('0*CHMe*CO,M)2, 
and  that  it  is  precisely  compounds  of  this  composition  the  formation 
of  which  is  inferred  from  the  study  of  the  speciBc  rotations  of  solu- 
tions of  the  oxides  in  potassium  ^lactate,  and  of  solutions  of  sodium 
molybdate  and  sodium  tungstate  in  /-lactic  acid.  As  regards  the 
compound  formed  by  dissolving  molybdenum  trioxide  in  Mactic  acid, 
its  most  probable  constitution  is  expressed  by  cither  of  the  formu^e 

CH,-CH<^^MoO,  or  CH3CH<:^^^^^»*^^. 

Experimental. 
Molt/bdenum  Trioxide  and  PoUunum  VLactaU, 

Some  trouble  was  experienced  in  preparing  a  solution  of  molybdenum 
trioxide  in  aqueous  potassium  /-lactate  suitable  for  observation  in 
the  polarimeter,  because  if  the  mixture  was  boiled,  or  if  the  oxide 
was  added  to  a  hot  solution  of  the  lactate,  the  liquid  acquired  a  blue 
colour,  which  rendered  determinations  of  the  rotation  impossible. 
This  difficulty  was  overcome  by  adding  the  oxide  to  a  cold  normal 
solution  of  the  lactate,  gradually  warming  the  mixture  on  a  water- 
l<ath  and  heating  until  all  the  oxide  had  dissolved.  Under  these 
conditions,  no  blue  coloration  appeared,  but  when  nearly  saturated 
with  the  oxide  the  liquid  became  yellow ;  in  this  way,  a  number  of 
solutions  containing  from  1/4  mol.  to  1  mol.  of  MoO,  for  each  2  mols. 
of  C,H}OsK  were  prepared.  A  btill  larger  proportion  of  molybdenum 
trioxide  could  be  dissolved  in  the  hot  solution,  but  if  this  was  done 
the  liquid  always  became  dark  blue  and  also  gave  a  crystalline 
deposit  on  cooling,  even  when  the  solution  of  the  lactate  was  diluted 
to  one  6fth  of  its  original  strength.  Observations  of  tlie  rotation 
were  made  after  each  addition  of  the  oxide,  and  the  results,  which  are 
given  in  the  following  table,  showed  that  the  maximum  rotation 
was  reached  when  the  oxide  was  present  in  sufficient  quantity  to 
form  potassium  molybdilactate,  Mo02(Cj,U403K)},  by  reaction  with 
the  lactate. 

In  all  the  following  experiments,  a  2  dm.  polarimeter  tube  was  used. 


262 


HENDERSON   AND  PRENTICE:  THE   INFLUENCE  OP 


and  the  observations  were  made  at  20°.  Some  of  the  experiments  were 
made  with  d-  and  others  with  /-lactic  acids  or  their  salts,  but  for 
simplicity  the  results  have  been  stated  in  all  the  tables  as  if  Mactic 
acid  or  potassium  /-lactate  had  been  used  in  every  case : 


Weight  of 
C,H.O,K  in 

Molecular  pro- 

Weight of  M0O3 

portions  of 

a^ 

Mt'' 

25  C.C.  of 

added. 

CjHsOjK  and 

"b  • 

Bolution. 

M0O3. 

8-2025 

2:0 

+  2-58° 

-f-iao5' 

0-45 

2:0-25 

4-19 

14-33 

0-90 

2  :  0-50 

5-84 

17-77 

„ 

1-35 

2:0-75 

7-50 

20-58 

1-62 

2  :  0-90 

8-44 

21-87 

1-80 

2:1-00 

9  09 

22-69 

It  was  found  that  dilution  has  no  perceptible  effect  on  the  specific 
rotation  of  a  solution  of  potassium  molybdilactate  containing  1  mol. 
of  MoOj  to  2  mols.  of  C3H5O3K,  but  that  alteration  of  temperature 
causes  a  considerable  change,  as  is  evident  from  the  following  figures : 


Temperature. 

16'. 

20". 

40°. 

ar 

-f8-55° 

+  9-09° 

-f  10-55° 

[ar 

21-35 

22-69 

26-35 

Tungsten  Ih-ioxide  and  Potassium  \-Lactate. 

In  order  to  obtain  potassium  tungstilactate,  a  normal  solution  of 
potassium  /-lactate  was  heated  on  a  water-bath  and  tungsten  trioxide 
gradually  added  in  small  quantities.  The  oxide  was  not  dissolved  at 
all  readily  even  on  somewhat  prolonged  heating  of  the  liquid, 
especially  as  the  quantity  in  solution  increased,  but  ultimately  several 
solutions  were  prepared  which  contained  from  1/4  mol.  to  1  mol.  of  WO, 
for  each  2  mols.  of  OgHjOgK.  As  in  the  case  of  molybdenum  trioxide, 
the  experiments  had  then  to  be  interrupted,  because  no  more  than  a 
trace  of  the  oxide  in  excess  of  1  mol.  could  be  dissolved,  whether  the 
solution  of  the  lactate  was  concentrated  or  dilute.  Moreover,  up  to 
this  point,  the  liquid  remained  colourless,  but  the  presence  of  even  a 
very  small  additional  quantity  of  the  oxide  produced  a  brown  colora- 
tion which  made  it  impossible  to  determine  the  rotation.  It  was  found 
that  the  rotation  reached  a  maximum  when  the  quantities  of  the 
lubstance  necessary  for  the  formation  of  potassium  tungstilactate, 
WO,(0,H^OjK),,  were  present — an  exactly  similar  result  to  that  ob- 
tained in  the  experiments  with  molybdenum  trioxide.  The  observ- 
atioot  are  given  in   the  following  Uble ;  it  will  be    noticed  that, 
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whilst  the  roUiion  of  tho  itoliition  inorstiat  ■iaadilj  with  inortaM  in 
the  qtunUtj  of  tung«t«D  trioxide  present,  the  specific  rotation  remains 
almoet  stationary  : 


The  specific  rotation  of  the  solution  of  potassium  tungstilactate 
containing  1  mol.  of  WO,  to  2  mols.  of  C3H5O3K  was  found  to  be 
practically  unaffected  by  dilution,  but  that  it  varies  with  temperature 
is  shown  by  the  following  result?  : 


Temperature. 


+  4-84° 
9-91 


20°. 

+  5-27° 

10-80 


40°. 

+  6-49° 

13-29 


The  changes  in  the  specific  rotation  of  potassium  Mactate  by  the 
dissolution  of  molybdenum  and  tungsten  triozides  in  a  normal  solution 
are  clearly  illustrated  if  the  results  are  stated  graphically  : 


Mols.  RO, :  2  mob.  C,H,0,K. 
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Sodium  Mohjhdciie  and  \- Lactic  Acid. 

The  solutions  employed  in  the  polarisation  determinations  were  pre- 
pared by  dissolving  sodium  molybdate  in  water  in  such  quantity  that 
1  c.c.  of  the  solution  contained  0*05  gram  of  salt.  The  required 
amount  of  the  solution  was  added  to  a  measured  quantity  of  a  normal 
solution  of  /-lactic  acid,  the  mixture  concentrated  on  a  water-bath 
and,  when  cool,  transferred  to  a  small  graduated  Bask,  which  was 
filled  up  to  the  mark  with  the  washings  of  the  evaporating  basin.  The 
solutions  thus  prepared  were  perfectly  colourless,  and  no  crystals 
separated,  even  when  they  were  kept  for  a  longtime.  The  observations 
of  the  rotation,  which  are  given  in  the  table  below,  showed  that  the 
maximum  was  reached  when  the  solution  contained  1  mol.  of  NagMoO^ 
to  2  mols.  of  CjHgOg,  and  that  any  increase  in  the  quantity  of  the  salt 
beyond  this  point  caused  a  diminution  of  the  specific  rotation.  This 
result  pointed  to  the  formation  of  sodium  molybdilactate  according 
to  the  equation  2C3Hg08  + NagMoO^  =  Mo02(C3H^03Na),-f  2H2O: 


Weight  of 

Molecular  pro- 

CjHgO, in 

Weight  of 

portions  of 
CjUgOa  and 

«20» 

[«]r- 

26  C.C.  of 

NajMoO*  added. 

»D    • 

solution. 

NajMoO^. 

2-25 

_ 

2:0 

-0'34' 

-1-88' 

>i 

0-6438 

2:0-25 

+  1-85 

+  7-99 

it 

1-2875 

2:0-50 

4-04 

14  23 

t> 

1  9313 

2:0  75 

6  31 

18-86 

»» 

2-3715 

2:0-90 

7-60 

20-80 

II 

2-6750 

2:1-00 

8-17 

2115 

11 

2-8325 

2:110 

8-17 

20-09 

3-2188 

2  : 1-26 

817 

18-67 

Sodium  l^mig state  and  \- Lactic  Acid. 

The  solutions  of  sodium  tungstate  in  Mactic  acid  were  prepared  in 
a  similar  manner  to  those  of  sodium  molybdate,  except  that  the  ncid 
used  was  of  one-fifth  normal  strength,  because  it  was  found  that 
with  more  concentrated  solutions  crystalline  deposits  were  formed 
when  more  than  a  small  quantity  of  the  salt  was  added.  As  in  the 
case  of  the  molybdate,  the  specific  rotation  was  greatest  when  the  solu- 
tion contained  1  mol.  of  NsjWO^  to  2  mols.  of  CjHjOj,  and  an  increase 
in  the  quantity  of  the  salt  caused  a  diminution  in  the  rotation.  Hence 
the  formation  of  sodium  tungstilactate,  WOj(C3H^03Na)3,  was  indicated, 
and  the  results  of  the  corresponding  experiments  with  sodium  molyb- 
date were  corroborated.  The  following  table  contains  details  of  the 
experiments : 
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W-    .!.!  of 

Mol ocular  i»ro- 

'\.!i.-,  :n 

W.ightof 

j>ortion«  of 

aM* 

[•If. 

S5  e.c.  of 
•Motion. 

Na,W04  added. 

1 

C-H,0,  and 

•»  • 

f*45 

2:0 

_ 

-2-00' 

It 

i          0  1838 

2:0  25 

+  0-20' 

+  8-99 

0-8675 

2:0-50 

0-42 

6-46 

1          0*5518 

2:0-75 

0-66 

8-28 

»f 

0-6615 

2:0-90 

0-79 

8-88 

ti 

0-7850 

2  : 1  00 

0-94 

9-90 

0-8085 

2:110 

0-94 

934 

t« 

!          0-9188 

! 

2:1-25 

0-94 

8-58 

The  effect  of  adding  increasing  quantities  of  sodium  moljbdate  or 
sodium  tungstate  to  solutions  of  /-lactic  acid  is  shown  bj  the  following 
curves: 


J 


t 


k  k  i  I 

MoU,  Na,R04  :  2  nioU.  C,H«0,. 


Molybdenum  Trioxide  and  \- Lactic  Acid. 

Considerable  difficulty  was  experienced  in  preparing  solutions  of 
molybdenum  trioxide  in  Mactic  acid,  for  whilst  the  dissolution  of  the 
oxide  takes  place  fairly  easily,  even  in  the  cold,  the  compound  which  is 
formed  is  very  sensitive  to  the  action  of  light,  and  the  solution,  after 
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a  short  exposure  to  diffused  daylight,  acquires  a  blue  colour,  a 
similar  decomposition  occurring  on  warming.  It  was  therefore 
necessary  to  proceed  as  follows.  After  each  addition  of  the  calculated 
quantity  of  molybdenum  trioxide,  the  flask  containing  the  solutiou 
of  lactic  acid  was  placed  in  a  dark  cupboard  and  shaken  up  at 
intervals  until  the  oxide  was  wholly  dissolved.  Colourless  solutions 
were  thus  obtained,  but,  owing  to  the  readiness  with  which  a  blue 
coloration  was  produced,  one  quantity  of  acid  did  not  serve  for  more 
than  one  or  two  experiments.  A  seminormal  solution  of  the  acid  was 
used  for  the  earlier  experiments,  but  was  replaced  in  the  later  ones  by  a 
one-fifth  normal  solution,  because  the  oxide  was  dissolved  with  greater 
difficulty  as  the  quantity  in  solution  increased.  As  will  be  seen  from 
the  results  given  in  the  following  table,  the  specific  rotation  increased 
with  each  addition  of  molybdenum  trioxide  until  2  mols.  of  M0O3 
were  present  for  each  2  mols.  of  C.^Hfi^j  but  diminished  when  a 
larger  quantity  of  the  oxide  was  added.  Evidence  was  thus  obtained 
of  the  formation  of  a  definite  compound  of  molybdenum  trioxide  and 
lactic  acid. 

The  molybdenum  trioxide  used  in  the  experiments  with  potassium 
Mactate  was  prepared  by  decomposing  ammonium  molybdate  with  dilute 
nitric  acid,  evaporating  to  dryness  several  times  with  nitric  acid, 
thoroughly  washing  the  residual  oxide,  and  then  drying  it  in  air. 
When  prepared  in  this  way,  the  oxide  was  very  sparingly  soluble  in 
lactic  acid,  and  therefore,  in  the  experiments  with  the  acid,  the 
evaporation  with  nitric  acid  was  omitted.  However,  under  these 
conditions,  even  after  prolonged  washing,  the  oxide  persistently 
retained  traces  of  ammonium  salts,  and  therefore  the  rotations  given 
in  the  table  are  not  absolutely,  but  only  relatively,  accurate,  although 
the  figures  are  certainly  not  far  from  the  truth  : 


Weight  of 

Molecular  pro- 

CiH.O,  in 

Weight  of  MoO, 

l)ortion8  of 

flW 

[«r 

26  cc  of 

added. 

t'sH-Oa  and 

«i.  • 

•elation. 

m'oO,. 

1125 

_ 

2:0 

-0-187* 

-2-01* 

»» 

0*226 

2:0  26 

+  0-89 

+  8-24 

0-460 

2 : 0-60 

1-81 

14-87 

0-676 

2:0  75 

2-69 

17-96 

0-900 

2:  TOO 

8-81 

20-48 

1-125 

2:1-26 

4-01 

22-26 

0-54 

2  : 1  -50 

1-88 

28-70 

., 

0-63 

2:1-76 

212 

24-67 

•  » 

072 

2  :  200 

2  32 

24-78 

•  • 

0  81 

2:2-25 

282 

23  03 
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Th«  earn  showi  theoe  rMolts  in  graphical  form  : 
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14      IJ      1 

i       H 

Mol$,  MoO, :  2  moU,  C^Ufi^ 

The  sensibility  to  light  of  the  solution  of  molybdenum  trioxide  in 
lactic  acid  led  us  to  use  it  for  taking  a  print  from  a  negative,  and  the 
attempt  was  quite  successful,  for  a  good  print  was  obtained  on  filter 
paper  soaked  in  the  solution  and  then  dried  in  the  dark.  The  blue 
colour  faded  away,  however,  if  the  print  was  kept  in  the  dark  for 
some  time. 

We  propose  to  endeavour  to  isolate  some  of  the  compounds  the 
existence  of  which  is  indicated  by  the  experiments  described  in  this 
paper. 

Chemical  Laboratory, 

Glasgow  akd  Wbst  of  Scotland  Technical  Collbob. 


XXVII. — Formation  of  Carhazoles  by  tlie  Interaction 
of  Phenols,  in  the  Orthoketonic  Form,  with  Aryl- 
hydrazines. 

By  Feakcis  R.  Japp,  F.R.S.,  and  William  Maitland,  B.Sc 
Japp  ahd  Fikdlat  (Trans.,  1897,  71,  1117)  showed  that  9-hydroxy- 
phenanthrene     ("  phenan throne  ")  •,     X*tt*  rlr^Ti*     interacts     with 

*  Werner  and  Frey  (AtauiJUn^  1902,  821,  29}  describe  as  new,  certain  derivatiTes 
of  9-hydroxyphenanthrene  (they  prefer  to  call  it   **  10-hydroxypbenanthrene") 
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phenylhydrazine  at  200°,  eliminating  water  and  ammonia  and  yielding 
9  :  lO-phenanthrocarbazole  ♦  (2' :  3'-diphenyleneindole) 


NH 
The  reaction    probably    takes   place   in   two    stages:    in   the   first, 
9-hydrozyphenantbrene   interacts   in    the   tautomeric   ketonic   form, 

p  w*  jL  ^  to  yield  a  phenylhydrazone  (not  isolated)  which,  in  the 

second  stage,  parts  with  ammonia  and  is  converted  into  9  :  10-phenan- 
throcarbazole  : 


<!!,h,-(!;:n-nh-c,h,        6,ii,-C\AJ 


The  reaction  thus  corresponds  with  that  in  which  E.  Fischer 
obtained  2' :  3'-diphenylindole  from  the  phenylhydrazone  of  deoxy- 
benzoin : 

which  had  already  been  prepared  by  Japp  and  Findlay  {loc.  eit.) :  namely  the  acetyl 
derivative,  the  methyl  ether,  and  the  picrate. 

Julius  Schmidt  and  Max  Strobol  {Ber.,  1901,  34,  1461),  and  Pschorr  and  Schrbter 
{ibid.^  p.  2726)  are,  in  like  manner,  apparently  unaware  that  9-aminophenanthrene 
(iS-phenanthrylamine)  has  already  been  described  by  Japp  and  Findlay  {loc  cU.^ 
p.  1123). 

As  all  those  compounds  are  to  be  found  in  M.  M.  Richter's  Lexikon  der  Kohlenskfff- 
Vtrbindungeiif  one  is  forced  to  the  conclusion  that  this  valuable  work  is  not  con- 
sulted quite  80  frequently  as  it  ought  to  be  in  the  country  of  its  origin. 

*  The  nomenclature  of  the  carbazoles  adopted  in  the  present  paper  is  that  pro- 
posed by  Qraebe  {Ber.^  1894,  27,  8066).  If  a  carbazole  contains,  in  place  of  one 
pheoylene  group,  a  naphthylene,  phenanthrylene,  or  other  similar  group,  the  class 
name  carbazole  receives  the  prefix  naphlho,  p?ienanthro,  or  the  like  ;  and  if  both 
phenylenes  are  so  replaced,  dinaphiho  and  the  like  must  be  used  if  the  two  groups 
are  identical,  phenanthro-nnphtho  and  the  like  if  they  are  different 

In  writing  the  formula,  the  more  complex  of  these  bivalent  groups  is  placed 
towards  the  left,  and  its  positions  are  indicated  hy  ordinary  numerals  ;  thoss  of  the 
right  hand  group,  where  this  is  necessary,  by  accented  numerals.  The  first  of  each 
pair  of  numerals  refers  to  carbon,  the  second  to  nitrogen. 

As  an  illustration  of  the  application  of  those  roles  we  may  take 


y 


%hich  woiiM  receive  the  name  9 :  lO-phenanthrO'^' :  V-nnphthocarbasoU, 
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C.H,-C:NNHCeH,  O.H,-C\/k^  •' 

•zoepi  that,  in  the  latter  ease,  lino  chloride  was  employed  to  bring 
about  the  elimination  of  ammonia  {Annalen,  1886,  236,  135). 

Ther  foregoing  oonsiderations  led  us  to  try  whether  2-naphthol,  which 
111  many  respects  resembles  9-hydroxyphenanthreDe,  would  aUo  interact 
in  the  ketonic  form  with  phenylhydrazine  to  yield  a  naphthocarbazole. 
On  heating  2-naphthol  with  excess  of  phenylhydrazine  no  reaction  took 
place,  but  on  adding  to  the  mixture  some  dry  phenylhydrazine  hydro* 
chloride   and   continuing   the    heating,    water    and    ammonia    were 

/\/\_NH-/N 
evolved,  and  a  fair  yield  of  1  :  ^-naphthocarbazole  III  I       I 

(m.  p.  134 — 135°)*  was  obtained.  The  hydrochloric  acid  of  the 
hydrochloride  thus  to  some  extent  plays  the  part  of  the  zinc 
chloride  in  £.  Fischer's  reaction. 

2-Naphthol,  when  heated  with  dry  phenylhydrazine  hydrochloride 
alone,  does  not  yield  any  carbazole  derivative;  but  we  succeeded 
in  isolating  from  the  product  of  the  reaction  phtnyl-2-naphthylamine. 

1-Naphthol,  when  heated  with  the  mixture  of  phenylhydrazine  and 

its    hydrochloride,    yielded    2  il-naphthocarbazole,  (      ]        |       |        [ 

(m.  p.  225-5^),  already  obtained  by  Kym  {Ber,,  1890,  23,  2465)  by 
desulphurising  thiophenyl-1-naphthylamine  with  finely  divided  copper. 
1-Naphthol,  however,  does  not  appear  to  interact  so  readily  in  the 
ketonic  form  as  2-naphthol,  and  the  yield  of  the  carbazole  in  the 
present  reaction  is  small. 

Other  carbasoles  were  prepared  by  the  interaction  of  1-naphthyl- 
hydrazine  and  of  2-naphthyl hydrazine,  together  with  their  hydro* 
chlorides,  on  2-naphthol  and  on  9-hydroxyphenanthrene. 

Neither  phenol  itself,  nor  thymol,  gave  any  trace  of  a  carbazole 
when  heated  with  a  mixture  of  phenylhydrazine  and  its  hydrochloride. 
The  monohydric  phenols  derived  from  benzene  and  its  homologues  are 
evidently  incapable  of  taking  part  in  this  reaction. 

Both  resorcinol  and  phloroglucinol,  on  the  other  hand,  react  violently 
when  heated  with  the  foregoing  mixture ;  but  nothing  definite  could 
be  isolated  from  the  resfhous  products.  That  definite  compounds — not, 
however,  of  the  carbazole  class — may  be  obtained  by  the  action  of 
phenylhydrazine  alone  on  these  two  polyhydric  phenols  has  been 
shown  by  von  Baeyer  and  Kochendoerfer  {Ber.j  1889,  22,  2189). 
*  As  regards  this  melting  point,  sec  the  experimental  part  of  this  paper. 
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It  appears,  therefore,  that  in  the  present  reaction  phenol  is  in- 
capable of  assuming  the  orthoketonic  form,  whilst  1-naphthol  assumes 
it  with  difficulty,  and  2-naphthol  and  9-hydroxyphenanthrene  with 
relative  ease. 

We  would  point  out  that  this  is  precisely  the  order  of  reactivity  in 
the  orthoketonic  form  which  Thiele's  very  remarkable  theory  of  double 
bonds  would,  in  its  application  to  benzene  derivatives  (Annalenj  1899, 
306,  87),  predict  for  these  phenols.  It  would  take  too  long  to  explain 
in  detail  how  these  results  may  be  deduced  from  the  theory  :  we  will 
content  ourselves  with  mentioning  that  they  may  be  arrived  at  from 
a  consideration  of  the  number  of  **  unsaturated  residual  affinities " 
and  **  partially  saturated  residual  affinities  "  which  Thiele's  formuls 
show  in  the  case  of  the  phenolic  and  orthoketonic  (i.e.  containing  the 
group  CO'CHg)  forms  respectively  of  these  various  phenols.  (See 
Thiele's  paper,  pp.  129  and  138).  In  these  formulae  ♦  phenol  itself 
appears  as  a  saturated  compound,  whilst  its  orthoketonic  form  is 
unsaturated  ;  1-naphthol  is  unsaturated,  but  considerably  less  so  than 
its  orthoketonic  form ;  2-naphthol  and  9-hydroxyphenanthrene  again 
are  less  saturated  than  1-naphthol  and  not  much  more  saturated  than 
their  orthoketonic  forms.  The  relative  stabilities  of  any  two  forms 
are,  of  course,  in  the  ratio  of  their  degrees  of  saturation. 

Experimental. 
1  : 2'Napkthocarhazole  (Phenyl- ^-naphthylcarbazole), 

^  ^- 

— Thirteen  grams  of  2-naphthol,  20  grams  of  phenylhydrazine,  and  10 
grams  of  phenylhydrazine  hydrochloride  were  heated  in  an  atmosphere 
of  hydrogen  in  a  flask  fitted  wich  a  condensing  tube.  When  the 
temperature  of  the  bath  reached  155 — 160°,  a  vigorous  reaction  took 
place;  water  and  ammonia  were  given  off;  and  an  oil  containing 
phenylhydrazine  distilled  over,  mixed  with  the  water.  When  the 
action  had  subsided*  the  temperature  was  raised  to  170°  and  kept 
there  for  an  hour,  after  which  the  reddish-brown  pasty  mass  was 
allowed  to  cool  in  the  atmosphere  of  hydrogen,  then  dissolved  in  hot 
glacial  acetic  acid  and  reprecipitated  by  the  addition  of  water.  The 
resinous  substance  thus  obtained  was  dissolved  in  ether,  and  the 
solution  was  extracted  first  with  dilute  hydrochloric  acid,  and  then 
with  a  solution  of  sodium  hydroxide,  after  which  it  was  dried  with 
calcium  chloride.     On  expelling  the  ether,  a  crystalline  mass  remained, 

•  Some  of  ih«i  forrotil*  are  not  given  by  Thiele,  but  those  which  are  wanting  cau 
U  consif acted  without  difficulty  from  the  examples  which  he  provides. 
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which  was  purified  bj  recrjftUlliaation  from  bentene,  from  which  it 
WM  deposited  id  tufte  of  needles  with  a  pinkish  tinge.  By  recrjstal- 
UsstioD  from  light  petroleum  (*'  ligroiu  ")  the  suhstanoe  was  obtained 
in  a  coloorless  sUte.  It  melted  at  134—135°.  On  analysis  it  gave 
figures  agreeing  with  the  formula  of  1  :  2naphtkoearbaxoU, 

0  1637  gave  05288  CO,  and  00762  H,0.     0 - 88-10 ;  H - 617. 
0-2104     ,,     11-5  c.c.  moist  nitrogen  at  IS''  and  762  mm.     N-6-48. 
Cj^HjiN  requires  C  -  8848  ;  H  -  5  07 ;  N  -  645  per  cent. 

A  pine  chip,  moistened  with  an  alcoholic  solution  of  the  substanM, 
turns  violet  when  acted  on  by  gaseous  hydrogen  chloride. 

The  foregoing  1  : 2-naphthocarbazoIe  is  identical  with  that  obtained 
by  Schbpff  (Ber.,  1896,  29,  269)  by  the  elimination  of  carbon  dioxide 
from  1  : 2-naphthocarbazole-3-carboxylic  acid,  and  asserted  by  bim  to 
melt  at  120°.  F.  UUmann  (Ber,,  1898,  31,  1697),  who  afterwards 
prepared  this  compound  by  heating  phenylazimidonaphthalene 
(m.  p.  149°),  found  the  melting  point  at  134*5°,  with  which  our  determ- 
ination agrees.  Ue  also  prepared  the  substance  by  Schopff's  method 
and  showed  that  the  product  also  melted  at  134*5°  instead  of,  as  stated 
by  Schopff,  at  120°.» 

SehopS  obtained   1  : 2-naphthocarbazole-3-carbozylic  acid   by  heat- 

CH, 

ing     dihydro-2-ketonaphtbalene-3-carbozylic    acid, 


lo-CO,H 

(m.  p.  216°),  with  phenylhydrazine,  a  reaction  which  would  correspond 
with  that  described  in  the  present  paper,  except  that  the  latter  acid 
is  already  in  the  ketonic  form,  and  that  the  addition  of  phenyl- 
hydiaxine  hydrochloride  is  unnecessary.  Schopff's  synthesis  leaves 
no  doubt  as  to  the  constitution  of  1  :  2-naphthocarbazole ;  and,  reason- 
ing from  the  analogy  of  this  compound,  we  have  assigned  the 
1  : 2  constitution   to  all   carbazoles   obtained    by   the   interaction   of 

*  Owing  to  the  fact  that  no  rtferenee  to  Ullmann's  work  is  giren  in  Richter's 
Ltxihm,  and  that  only  the  old  inaccurate  melting  point  of  the  compoond  appears 
than,  we  orerlooked  Ullmann'a  correction,  and,'  as  stated  in  oar  preliminary  note 
on  the  present  synthesis  (Proc.,  1901,  17,  176),  prepared  the  substance  by 
SchOpiTs  method  in  order  to  compare  it  with  oars.  We  can  confirm  Ullmann's 
statement  as  to  the  melting  point. 

We  are  indebted  to  Dr.  UUmann  for  calling  oar  attention  to  the  foregoing 
oversight 

It  is  perhaps  fortunate  ^at  we  were  at  first  anaware  of  the  identity  of  our 
compoand  with  that  obUined  by  Scboiiff ;  otherwise  we  should  probably  not  hare 
troubled  to  prepare  from  our  sabetanou  the  rarioos  deriratires  already  deaeribed  by 
him.  Haring  done  so,  howerer,  we  are  in  a  position  to  state  that  the  melting 
poioU  given  by  Schopff  for  these  derivatives  axe  also  much  too  low.  In  view 
of  theee  discrepancies  we  publish  oar  analyses. 

I-   2 
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2.naphthol  with  arylhydrazines — an  assumption  which  is  further 
justified  by  the  well-known  difficulty  of  forming  2 : 3-derivative8  of 
naphthalene. 

We  prepared  and  analysed  some  derivatives  of  1 :  2-naphthocarb- 
azole. 

The  picraU  crystallises  from  benzene  in  long,  slender,  ruby-red 
needles,  melting  at  174 — 175°  with  decomposition. 

01138  gave  12*4  c.c.  moist  nitrogen  at  13°  and  738  mm.    N  =  12-50. 
CijH„N,CeH2(N02)3-OH  requires  N-  12  55  per  cent. 

(This  compound  is  mentioned  by  Schopff  ;  but  neither  melting  point 
nor  analysis  is  given.) 

The  ni/r<wo-derivative  was  obtained  by  adding  a  solution  of  sodium 
nitrite  in  glacial  acetic  acid  to  one  of  1  :  2-naphthocarbazole  in  the  same 
solvent.  It  is  best  purified  by  recrystallisation  from  light  petroleum, 
from  which  it  is  deposited  in  yellow,  flat  needles.  When  rapidly 
heated,  it  melts  at  144 — 145°  with  decomposition.  (Schopff  gives  132° 
as  the  melting  point.) 

01327  gave  15*6  moist  N^  +  NO  at  15*5°  and  769  mm.  After 
absorbing  NO,  there  remained  10  0  c.c.  moist  nitrogen  at  15°  and 
760  mm.*     N-11-36. 

OijHjqONj  requires  N  —  11  '38  per  cent. 

The  acetylderiv&tive  was  prepared  as  recommended  by  Schopff  by 
boiling  1  :  2-naphthocarbazole  with  a  mixture  of  acetic  anhydride  and 
sodium  acetate.  It  crystallised  from  glacial  acetic  acid  in  small, 
pearly  laminae  melting  at  149°  (142°,  Schopff). 

0-1444  gave  04406  CO^  and  00704  H^O.     0-83*22  ;  H-6-43. 
0-2650     „      12-4  c.c.  moist  nitrogen  at  18°  and  758  mm.    N-5-39. 
OjgHigON  requires  0  «  83*39 ;  II  -  5*02  ;  N  -  540  per  cent. 

The  60nsoy/-derivative  was  prepared  by  boiling  1  :  2-naphthocarbazol0 
with  twice  its  weight  of  benzoic  anhydride  for  1 — 2  minutes.  This 
gives  a  better  result  than  the  method  with  benzoic  chloride  recom- 
mended by  Schopff.  The  substance  crystallised  from  glacial  aoetio 
acid  in  slender  needles  melting  at  189*5°  (170°,  Schbpfif). 

0*2894  gave  1 1  -3  c.c  moist  nitrogen  at  16°  and  749  mm.    N  -  4*48« 
CjjHjjON  requires  N  — 4*36  per  cent. 

OoDsidering  that  the  object  of  melting-point  determinations  is  to 

*  Tha  ttibtUnc«  wm  burnt  with  copper  oxide  ia  a  Sprengel  vacaum,  and  ther« 
Waa  each  a  nub  of  nitric  oxide  at  the  beginning  of  the  combustion  that  much  of 
^^  K**i  M  ia  evident  from  the  above  flgana,  paaaed  nndecompoaed  over  the  copper 
•|4ral. 
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aid  in  the  identiOoation  of  ohemioal  sabsUnoes,  it  it  difficult  to  mo 
what  uaeful  parpoM  is  terTod  by  the  publication  of  determinationii 
mieh  as  ihosa  givm  bj  Schopff,  taken,  as  he  mentions,  from  the 
InmmguraUimtrimtiom  of  one  of  his  pupils. 

S :  UIfmphiko9tHrbatoi$  (Phmi^l'a>'nopKtkylcarba»oU), 

-NH 


00"0- 


— ^Tsn  grams  of  1-naphthol,  15  grams  of  phenylhydrazine,  and  8  grams 
of  pbenylhydrasine  hydrochloride  were  first  heated  for  a  short  time  at 
165^  at  which  temperature  the  reaction  took  place,  and  afterwards  at 
180^  for  half-an-hour.  The  product  was  worked  up  as  in  the  experi- 
■Mot  with  2-naphthoI,  and  the  resulting  substance  was  purified  by  re- 
erystallisation  first  from  benzene  and  afterwards  from  light  petroleum. 
It  mdted  at  225*5°,  and  was  evidently  identical  with  the  2  :  \-napfitho- 
earhtuoU  (m.  p.  225'')  obtained  by  Kym  {Ber.,  1890,  23,  2465)  by  de. 
solphurising  thiophenyl-1-naphthylamine  with  finely  divided  copper. 
From  alcohol  it  crystallised  in  leaflets  as  described  by  Kym,  but  from 
benzene  and  light  petroleum  in  needles.  It  had  a  faint  pink  tinge, 
bat  the  smalLness  of  the  yield  (0*3  gram)  precluded  further  purification. 
Kjm's  snbsiaiioe  was  yellowish.  In  both  cases  the  colour  is  doubtless 
dne  to  impurity. 

01817  gave  104  c.c.  moist  nitrogen  at  18°  and  755  mm.     N«6-56. 
CjgHuN  requires  N  =  6*45  per  cent. 


a.1  : 2'DinapkihoearhazoU,        J        1       J  ^^  I        |        J .—  Twenty 


grams  of  2-naphthol,  26  grams  of  2-naphtbyIhydrazine,  and  6  grams 
of  2-naphthylhydrazine  hydrochloride  were  heated  together.  The 
reaction  took  place  about  140°,  and  the  mixture  was  further  heated 
for  an  hour  and  a  half  at  185 — 200°.  The  melt  was  worked  up  as  in  the 
previoiis  cases,  except  that  the  product  which  remained  after  removing 
basic  and  phenolic  substances  was  distilled  under  reduced  pressure. 
The  solidified  distillate  was  dissolved  in  hot  benzene,  and  from  the 
solution  the  substance  was  deposited  in  prisms.  These  were  yellow- 
coloured  ;  but  the  colour  could  be  almost  entirely  removed  by  recrystal- 
lising  the  compound  from  light  petroleum,  from  which  it  separated  in 
needlefi,  or  from  a  mixture  of  acetone  and  light  petroleum,  which 
deposited  it  in  rhomboidal  laminie  :  the  latter  became  opaque  on  dry- 
ing. The  substance  melted  at  155°  On  analysis  it  gave  figures 
agreeing  with  the  formula  of  si  :  2dinaphthoearbatoU. 

01590  gave  05222  COj  and  00759  H,0.     C  =-  8957  ;  H  =  530. 
C^HjjN  requires  C  =  89  88 ;  H  -  4*87  per  cent. 
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The  compound  is  evidently  identical  with  Walder's  dinaphthylene- 
aminSf  which  he  obtained  by  heating  2-dinaphthol  with  the  double 
compound  of  zinc  chloride  and  ammonia,  and  for  which  he  gives  the 
melting  point  157°  (uncorr.)  (Ber.,  1882,  15,  2173).  The  substance 
dissolved  in  pure  concentrated  sulphuric  acid  with  a  blood  red  coloration, 
as  described  by  Walder.  For  further  identification  we  prepared  the 
acetyl  derivative  and  the  picrate,  both  of  which  had  the  properties 
mentioned  by  Walder. 

The  yield  of  once-crystallised  s-l  :  2-dinaphthocarbazole  obtained 
from  the  above  quantities  was  14  grams. 

In  another  preparation  of  this  compound,  in  which  the  mother 
liquors  were  very  carefully  worked  up,  we  obtained,  in  addition, 
small  quantities  of  1:2:2':  \' -dinaphthocarhazole  (y.  infra)  and 
as-l  :  2'dinaphthazine  (m.  p.  278°). 

1:2:2':  V -Dinaphthocarhazole,       /\ /\  t-,„  \/\/  •—  Nine 


grams  of  2-naphthol,  14  grams  of  1-naphthylhydrazine,  and  3  grams 
of  1-naphthylhydrazine  hydrochloride  were  heated  together.  The 
reaction  commenced  about  160°;  in  order  to  finish  it  the  mixture 
was  kept  at  200°  for  an  hour.  •  The  product  was  treated  as  already 
described.  The  ethereal  solution,  freed  from  basic  and  phenolic  sub- 
stances, left,  on  evaporation,  a  dark  residue.  By  boiling  this  with 
benzene,  in  which  it  is  only  sparingly  soluble,  the  carbazole  was 
obtained  as  an  almost  white  crystalline  powder.  It  dissolves  readily 
in  acetone,  and  on  adding  light  petroleum  to  the  solution,  it  separates 
in  oblong  plates,  sometimes  with  truncated  corners  and  bevelled 
edges  ;  these  crystals  contain  acetone  of  crystallisation.  Freed  from 
the  acetone  by  heating,  the  substance  melts  at  231°.  It  dissolves  in 
a  large  volume  of  hot  benzene  and  is  deposited  in  groups  of  colourless 
needles  with  the  same  melting  point.  Analysis  gave  figures  agreeing 
with  the  formula  of  1  :  2  :  2' :  I'-dinaphthoearbazole, 

0-1491  gave  04892  CO,  and  00700  HjO.     C- 89-48;  H-5-21. 
0*2355      H     10*8  c.c.  moist  Nat  17°  and  744  mm.     N-5-21. 
C,oH,aN  requires  C  «=  8988 ;  H  =  487  ;  N  -  5-24  per  cent. 

A  determination  of  acetone  in  the  crystals  deposited  from  a  mixture 
of  acetone  and  light  petroleum  gave  the  following  result. 

0-5507  lost,  on  heating  at  80°,  0-0927.     (CH,),CO- 1683. 
<^fo^^uN,(CH,),CO  requires  (CH,),CO- 17-85  per  cent 
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t: 


\^4 

H 

— ^This  componDd  wap,  as  already  mentioned,  obtained  by  Japp  and 
Fiotllay  (loe.  eiL)  by  beating  a  mixture  of  9-hydrozyphenanthrene 
and  phenylhydrasina 

We  repeated  tbe  experiment  witb  tbe  addition  of  phenylhydrazine 
hydrochloride  to  the  foregoing  mixture,  in  order  to  ascertain 
whether  the  yield  would  be  thereby  improved ;  but  there  was  practic- 
ally no  difference.  The  weight  of  phenanthrocarbazole  obtained  was 
▼erj  nearly  that  of  the  9-hydroxyphenaDthrene  taken. 

Tbe  9-hydroxyphenanthrene  used  in  this  and  the  following  experi- 
menta  was  prepared  by  boiling  phenanthraquinone  with  hydriodic 
acid  and  red  phosphorus  (compare  Trans.,  1897,  71,  1118). 


9  :  lO-PhMonihrO'V  :  2' -naphihocarhazoU, 

NH 

— Five  grams  of  9-hydroxyphenanthrene,  6  grams  of  2-naphthyl- 
hydraxine,  and  1*5  grams  of  2-naphthylhydrazine  hydrcchloride  were 
heated  to  150 — 160°,  at  which  temperature  the  chief  reaction  took 
place.  The  mixture  was  finally  heated  at  200°  for  a  short  time. 
Th0  product  was  worked  up  as  in  previous  cases.  The  crude  car- 
bazole  was  freed  from  most  of  the  adhering  colouring  matter  by 
digesting  it  with  hot  benzene,  after  which  it  was  dissolved  in  boiling 
aeetODe  and  either  benzene  or  light  petroleum  added.  It  separated 
in  roeettee  of  lustrous,  green,  flat  needles  melting  at  220°.  The  green 
colouring  matter  could  in  part  be  removed  by  fractional  precipitation 
of  the  acetone  solution  with  light  petroleum ;  but  it  re-appeared  on 
recrystal Using  the  substance,  which  apparently  underwent  aerial  oxi- 
dation, yielding  the  colouring  matter. 

On  analysis  it  gave  figures  agreeing  with  the  formula  of  9 :  10- 
phmamihfO'V  :  ^^-maphihocarbazole.  The  sample  analysed  was  of  a  pale 
green  ooloor. 

01459  gave  0-4836  CX^  and  00642  H,0.     C - 90*40 ;  H - 4*88. 
0-3216     „     12-3  C.C.  moist  nitrogen  at  10°  and  756  mm.     N-4-55. 
C„H,5N  requires  C  =  9085  ;  H  =  473  ;  N  «  441  per  cent. 
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an^-c — /\ 

9  :  10' Phenanthr(h2'  :  V-naphthocarbazole,       ^«^4'^\/\/\ 

WH   I        I 


— This  was  prepared  as  in  the  case  of  the  preceding  compoand, 
using  5  grams  of  O-hydroxyphenanthrene,  6  grams  of  1-naphthyl- 
hydrazine,  and  1*5  gram  of  l-naphthylhydrazine  hydrochloride.  The 
substance  was  purified  in  the  same  way.  It  crystallised  from  a  mix- 
ture of  acetone  and  light  petroleum  in  tufts  of  slender  needles  which 
had  a  faint  brownish  tinge  and  melted  constantly  at  225-5°.  On 
analysis  it  gave  figures  agreeing  with  the  formula  of  9  :  lO-p/ienanthro- 
2' :  V-naphihocarbazole. 

0-1565  gave  0-5197  COg  and  00684  Hfi.     C  =  90-57  ;  H  =  4-85. 
0  3312     „      12-3  c.c.  moist  nitrogen  at  12°  and  736  mm.     N  =  427. 
C24H,5N  requires  C  =  90-85  ;  H  =  4-73  ;  N  =  4-41  per  cent. 

All  the  foregoing  carbazoles  dissolve  in  concentrated  sulphuric  acid 
yielding  the  coloured  solutions  characteristic  of  this  group ;  but  the 
colorations  vary  so  greatly  with  the  proportion  of  nitrous  acid 
present  in  the  sulphuric  acid  that  we  refrain  from  describing 
them. 

Chemical  Department, 

University  of  Aberdeen, 


XXVIII. — Dimorphism  of  a-MethylanhydracetonebenziL 
By  Francis  R.  Japp,  F.R.S.,  and  Arthur  C.  Michie,  B.Sc. 

C  H  *C     0(CH  ) 

a-MBTHTLANHYDRAORTONEBENZIL,  ^*tr*.X//-wo\  n  J  >>^^»  ^^^^^  ^8  ^>«8* 

obtained  by  the  action  of  a  0*5  per  cent,  solution  of  potassium 
hydroxide  in  absolute  alcohol  on  a  mixture  of  benzil  and  methyl 
ethyl  ketone  at  the  ordinary  temperature,  was  described  by  Japp 
and  Meldrum  (Trans.,  1901,  79,  1029)  as  forming  large,  flat  crystals, 
of  rhombic  outline  ("lozenge-shaped"),  melting  at  118°.  These 
crystals,  we  find,  show  oblique  extinction  in  polarised  light. 

The  foregoing  form  was  prepared  in  this  laboratory  by  three  differ- 
ent workers ;  and,  during  three  years  from  the  time  when  it  was 
first  obtained,  no  other  form  was  observed.  About  a  year  ago,  bow- 
ever,  working  under  apparently  the  same  conditions,  we  obtained, 
in  place  of   this  compound,  a  substance   melting  at  1335°.     It  is 


a-MKTUYLANBTDRACKTONIBBNZIL.  t77 

dtpociUd  from  iU  alcoholic  solution  in  orjstals  which,  when  tmall, 
are  of  ocUhedral  habit,  but,  when  large,  exhibit  more  complex  forms. 
These  crystals  are  isotropic  in  poUrised  light.  They  separate  much 
more  rapidly  from  their  solutions  than  the  rhombic  crystals  ;  and, 
whereas  the  latter  are  obtained  in  a  colourless  condition  even  from 
colour^  solutions,  the  former  are  apt  to  carry  down  with  them  a 
yellow  colouring  matter.  They  are,  however,  colourless  when  pure. 
Analysis  gave  figures  agreeing  with  the  forniula  of  a  compound 
formed  from  bonzil  and  methyl  ethyl  ketone  according  to  the  equa- 
tion : 

C,,U,,U,   +   C.HgO   -   C,,U,fi,   +   H,0. 

01583  gave  0-47U  COj  and  00871  HjO.     C-81-73  ;  H-611. 
C,gHi,0,  requires  C  =  8182  ;  H  =  606  per  cent. 

From  the  moment  when  this  substance  made  its  appearance,  we 
never  again,  except  accidentally  in  one  case  to  be  described  later  on, 
obtained  the  rhombic  substince  melting  at  118^,  however  much  we 
might  vary  the  conditions  of  experiment. 

We  at  first  supposed  this  octahedral  •  compound  (m.  p.  133*5°)  to  be 
an  isomeride  of  a-methylanhydracetonebenzil,  and  accordingly  studied 
its  reactions.  In  every  case,  however,  it  yielded  the  same  derivatives 
as  the  latter  compound  ;  so  that,  although  we  had  not  been  able  to 
induce  the  octahedral  compound  to  crystallise  in  the  rhombic  form, 
we  began  to  suspect  that  the  difference  was  due  merely  to  dimor- 
phism. 

▲n  alcoholic  solution  of  the  rhombic  form  deposited  the  octahedral 
form,  on  sowing  it  with  the  latter.  This  sowing,  however,  proved  to 
be  unnecessary,  as  the  rhombic  form  was  now,  by  mere  recrystallisa- 
tion,  converted  into  the  octahedral  form.  In  order  to  make  sure 
that  the  process  of  boiling  with  the  solvent  was  not  responsible  for  the 
transformation,  we  dissolved  some  clear  rhombic  crystals  (from  former 
preparations)  in  cold  alcohol,  and  concentrated  the  solution  in  a  vacuum 
over  sulphuric  acid  ;  but  again  the  octahedral  form  (m.  p.  133'5°) 
was  deposited. 

We  next  re-determined  the  melting  point  of  our  rhombic  specimens, 
and  found,  to  our  surprise,  that  they  only  sintered  at  118°  (their  former 
melting  point)  and  did  not  really  melt  until  the  temperature  of  133*5° 
was  reached.  On  examining  the  crystals,  the  reason  of  this  was 
evident.  Some  of  them  were  semi-opaque,  and  were  evidently  in 
course  of  spontaneous  transformation  into  pseudomorphs  of  the  octa- 
hedral form  ;  and  the  older  the  specimen,  the  further  had  this  change 
gone.     By  selecting  clear  rhombic  crystals  for  the  determination  of 

«  Tho  terms  **  ocUhedral "  and  "rhombic,"  which  describe  roughly  the  habit  of 
the  crystals,  are  osed  merely  as  oonrenient  designations  Tor  the  two  forms. 
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the  melting  point,  and  plunging  the  capillary  tube  containing  the 
powdered  substance  into  a  bath  already  heated  to  120°,  we  found  that 
we  could  fuse  the  substance  ;  but  it  instantly  resolidified,  showing  that 
even  these  clear  crystals  contained  nuclei  of  the  higher-melting  octa- 
hedral form.     The  resolidified  substance  now  melted  at  133-5°. 

The  octahedral  form  shows  no  sign  of  sintering  at  118°. 

Attempts  to  obtain  the  rhombic  form  by  crystallising  the  octa- 
hedral substance  at  a  low  temperature  yielded  only  the  octahedral 
form,  whether  the  crystallisation  was  allowed  to  take  place  in  open 
vessels  or  in  hermetically  sealed  tubes.  The  use  of  sealed  tubes  at  the 
ordinary  temperature  gave  the  same  result. 

In  one  experiment,  however,  in  which  an  impure  specimen  of  the 
rhombic  substance,  which  had  been  prepared  about  three  years  pre- 
viously and  of  which  the  crystals  had  become  in  part  semi-opaque, 
was  dissolved  in  hot  alcohol  and  allowed  to  stand  in  a  covered  beaker, 
the  solution  was  found  to  have  deposited  (1)  an  aggregate  of  yellow 
octahedral  crystals  and  (2)  a  single  colourless  rhombic  crystal  of  con- 
siderable size.  This  rhombic  substance  only  sintered  when  slowly 
heated  to  118°,  but  could  be  made  to  fuse  at  that  temperature  by 
plunging  it  into  the  already  heated  bath.  The  mother  liquor  from 
the  above  crystals  deposited,  by  spontaneous  evaporation,  only  the 
octaliedral  form. 

The  foregoing  experiment  is  a  further  indication  that  the  difference 
of  the  two  forms  is  due  merely  to  dimorphism.  Since  the  rhombic 
form  is  considerably  the  more  soluble,  it  is  evident  that,  if  the  two 
forms  were  chemically  distinct,  there  ought — unless  the  case  is  one  of 
tautomeric  change,  which  seems  to  us  improbable — to  have  been  a 
preponderating  amount  of  the  rhombic  substance  left  in  the  mother 
liquor.     But  there  was  none. 

The  authors  wish  to  call  attention  to  this  case  of  dimorphism,  as 
other  investigators,  who  might  happen  to  obtain  the  more  stable 
form  first,  would  probably  fail  to  recognise  the  substance  as 
chemically  identical  with  that  described  by  Japp  and  Meldrum. 

Chemical  Departmbnt,  , 

Univf.iuity  op  Abkrdebx. 
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\XIX.—The  Oxidation  Products  of  the  Methyl  Homo- 
logues  of  Anhydracetonebenzil. 

By  Francis  R.  Japp,  F.R.S.,  and  ARtiiuR  C.  Miohie,  B.Sc. 


was 


C  H  'C  ~CII 

ME  oxidation  of  anhydracetonebenzil,     *„*  X/mT\  i-irr  ^C^» 

udied  by  Japp  and  Lander  (Trans.,  1897,  71,  132).  By  oxidising 
ii.    with    sodium    hypobromite,    they   obtained    desyleneacetic    acid, 

r^a^  Xrv  *     »  whilst  chromium  trioxide,  in  acetic  acid  solution, 

was  found  to  convert  it  into  a^-diphenyl-a^-dihydroxyglutaric  acid, 

CeH5-C(0H)-C0,H 

C4Hj-C(OH)-CH5-COjH' 

We  have  now  studied  the  oxidation  of  a-methylanbydracetonebenzil, 

c|H*-SHrCH/^°   <'°-    P-    ^^®°  *"''    ^^'^°)'  /S-nethylanhydr- 

C  H  »p  "CH 

.cetonebenxil,  c;hAoH)-CH(CH,)>^Q  (■»•  P"  '^'°^'  "^■'J-«t''y'- 

«.h,dr«.toneb«nxiI.  ^Sl-fc^HScHJ^^O  ("•   P"   ^5"°)'  ''"'^ 

C  H  *G  OFT 

^^^imethylanhydracetonebenzil,  ^*^*  T~^  ^  ^^  ^  (m.     p. 

181°).  (Compare  the  preceding  paper;  also  Japp  and  Meldrum,  Trans., 
1901,  79,  1028.)  The  remaining  methyl  homologue,  a^)3-trimethyl- 
anhydracetonebenzil,  owing  to  the  difficulty  of  obtaining  it  in  quantity, 
was  not  included  in  the  investigation. 

Of  the  foregoing  homologues,  only  a-methylanhydracetonebenzil  is 
attacked  by  potassium  hypobromite.  It  yields  a-desylenspropionic  ctcid 
(m.  p.  174-5^): 

C,Hj-(pC(CH,)x^^       KBK)      C,H,-C:C(CH3)-C0,H 
C^Hj-qOHJ-CH,  ^      CeHj-CO 

together  with  diphenylmaUie  acid ;  the  latter,  when  liberated  from  its 

salt,  is  converted  into  its  anhydride.      From  its  formation  from  a 

closed-chain  compound  of  the  above  formula,  a-desylenepropionic  acid 

3       CH  'O'CO  H 
must  have  the  con6guration,         *  ji       *    „  .     The  reaction  is  ana- 

logons  to  that  in  which  anhydracetonebenzil  is  oxidised  by  hypo- 
bromite to  desyleneacetic  acid,  but  in  the  latter  case  no  formation  of 
diphenylmaleic  acid  was  observed.  The  formation  of  diphenylmaleic 
acid  involves  a  shifting  of  the  double  bonds  in  a-methylanhydracetone- 
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benzil,  so  as  to  form  tiie  group  CgHj'ClCJJ'CgHj,  the  change  being 
accompanied  by  a  migration  of  the  hydroxy  1  group.  This  change  in  the 
position  of  the  double  bonds  in  the  cyc^opentene  ring  is  of  frequent 
occurrence  in  the  reactions  of  anhydracetonebenzil  and  its  derivatives : 
thus,  in  the  formation  of  diphenylcyc/opentenone, 

o.H..<:i-CH,>co, 

and  its  homologues.  The  formation  of  diphenylmaleic  acid  (along 
with  diphenylfumaric  acid)  from  a  compound  belonging  to  this  group, 
has  already  been  observed  in  the  oxidation  of  anhydracetonebenzil- 
carbozylic  acid  with  alkaline  hypobromite  (Japp  and  Lander,  Trans., 
1897,71,  142). 

Boiling  with  hydriodic  acid  converts  a-desylenepropionic  acid  into 
l-melhi/l-2  :  Z-diphenyl-^^-crotolactcyne*  (m.  p.  88-5°) : 

^6^&'9'^(^^s)'^^2^    +    2H         ==         ^6^5* 9^^^?*^ ^8    +    H  O 

CjHj-CO  CgHj-CH   CO  *  ' 

O 

This  reaction  exactly  corresponds  with  the  formation  of  the  stable 
diphenylcrotolactone  melting  at  151*5°  (according  to  Thiele,  the 
A^-crotolactone)  by  the  action  of  hydriodic  acid  on  desyleneacetic  acid, 
except  that  in  the  latter  case  a  portion  of  the  diphenylcrotolactone  is 
hydrolysed  to  desylacetic  acid  (Japp  and  Lander,  Trans.,  1897, 71, 156). 

By  warming  methyldiphenylcrotolactone  with  alcoholic  potassium 
hydroxide  it  is  converted  into  Knoevenagel's  a-desyl propionic  acid  : 

C.H,-Cii:rn.CH3        ^  ^      ^     C,H,.CH-CH(CH3).C0,H 
CgHj-CH   CO  '  OgHj-CO 

O 

On  the  other  hand,  when  a-desyl  propionic  acid  is  distilled  under 
reduced  pressure  it  parts  with  water  and  is  reconverted  into  fMihyl- 
diphenylorotolacUyM . 

In  the  oxidation  of  anhydracetonebenzil  with  chromium  triozide, 
studied  by  Japp  and  Lander  (Trans.,  1897,  71,  133),  the  closed  chain 
opens  at  the  point  between  the  carbonyl  and  the  ethylene  group, 
and  the  latter  group  is  hydrozylated,  whilst  at  the  same  time  its 
end  carbon  atom  and  the  carbonyl  group  are  oxidised  to  oarbozyl 

*  The  rcMona  for  adopting  the  A' -unsaturated  constitution  for  thia  atable  laotoue 
of  ••detylpropionic  acid,  instead  of  the  apporently  more  obvioua  A '-unaaturmted 
oontUtnUon,  reeenring  the  latter  for  the  isomeric  labile  lactone  (not  yet  pi«par«d), 
are  to  be  foiuid  in  Thiele'a  paper:  *'Ueber  iaomere  Diphenylcrotonlactone" 
{AnnaUn,  1899,  306, 194). 
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groups,  a    dibMio  acid    rwuItiDg— ^-dipheDyl-o^-dibydroxygluUrio 
add: 

q,H..C=:CH<  C.H,C(OH)-00,H 

C.H».(!)(OU)CH,^""  +  '"  +  ^**     ■     C.H,i(OH)CH,-00,H 

We  fiad  that  the  oxidation  of   /S-methylanhjdracetoDebenzil  with 
chromium  trioxide  proceeds  on  strictly  analogous  lines  : 

Q,Hj-(;:=z=rr=CH 

^U^thyUnhjrdrecetonebenxil 
(m.  p.  180*). 


,-C(OH)-CH(CH,r  f    '^v/ 


C,H,.C(OH)-CO,H 
CjH^-C(0H)-CH(CH,)-C02H 
•'Methyl-u'fi'diphenyl-a'fi'di' 

hyidroxyfflutaric  acid  (m.  p. 

170%  with  decomposition). 

In  the  case  of  the  other  methyl  homologues  of  anhydracetonebenzil 
which  we  have  examined,  oxidation  with  chromium  trioxide  opens  the 
closed  chain  in  the  same  place  ;  but  the  further  course  of  the  reaction 
is  goTsmad  both  by  the  position  and  by  the  number  of  the  methyl 
groaps.     Thus : 

1.  The  presence  of  a  methyl  group  in  the  a-position  (t.0.,  in  the 
CH-group)  of  anhydracetonebenzil  pi*events  the  formation  of  a  dibasic 
seidy  and  a  ketonic  acid  is  formed  instead. 

8.  The  presence  of  a  methyl  group  in  the  a-position,  or  of  two 
methyl  groups  in  the  )3-position  (i.e.,  in  the  CH^-group),  leads  to  the 
elimination   of  water  from    the   resulting   acid,  so    that    the   group 

>0,  is  formed.* 


o.n^.c^ 


The  following  oxidations  with  chromium  trioxide  illustrate  these 
rules: 

••MethyUnhjrdraoetonebeiuil  ^-Aceto-Z^y-dipheoyl/^y-oxido- 

(m.  p.  118*  and  133-5*).  butyric  acid  (m.  p,  181— 182*).t 

•  The  action  of  alkyl  groaps  in  promoting  the  elimination  of  water— as,  for 
example,  in  the  case  of  homologues  of  maleic  acid— ia  too  fiuniliar  to  call  for 
remark. 

t  There  is,  so  far  as  we  are  aware,  no  conrenient  nomenclature  for  "bridge- 

'^''cren ** — oxygen  uniting  two  carbon  atoms  which  are  already  either  directly  or 

rectly  united.    We  would  suggest  the  prefix  '  *  oxido  **  as  supplying  this  want 

mus  glyddic  add  would  be  *' a3-oxidopropionic  add,**  the  bridge-oxygen  being 

thus  regarded  as  a  biralent  substituent.     This  prefix  has  the  analogy  of  **  imido** 

commend  it. 
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O.H..C=C(CH.)j^O  ^   20       _       C.H..C^O.CH. 
C.H.-(!!(OH).CH(CH,r  C.H,-C^CH(CH,)-( 


C,H5-C(0H)-CH(CH,)  C.Hj-C^CH{CH,)-CO^ 

a/9-DimethyIauhydracetonebenzil  7-Aceto-a-methyl-^7-diphenyl- 

/37-oxidobutyric  acid  (ra.  p. 
164%  with  decomposition). 


(ill.  p.  150°).  /37-oxidobutyric  acid  (ra.  p. 

da 


The  two  foregoing  oxidations  illustrate  Rules  1  and  2. 

In  oxidising  a^-dimethylanhydracetonebenzil  with  chromium  tri- 
oxide,  another  portion  of  the  substance  yields  a  neutral  compound,  in 
the  formation  of  which  the  closed  chain  is  not  opened  : 

CflH.-C =  ^(CHg)^^^   +   O   +   H2O     « 

C,Hj-C(0H)-CH(CH3r 

C,H,.C(0H).C(0H)(CH3K^(j 

CeH5-(D(0H) CH(CH3)^ 

1  :  Z-DiinethtjlA  :  f)-diphenyl-\  :  4  :  5- 
trihydroxycy\:\op€ntanone'{2) 
(m.  p.  89'). 

The  oxidation  of  y3i3-dimethylanhydracetonebenzil,  on  the  other 
band,  illustrates  Eule  2  : 

C,H,-C=0Hj^P0   +   30         =         C.H,.C^,H 
C,H5-<b(OH)-0(CH,),  C,H.-C^C{CH,),-CO^ 

6j3-DimethylanhydracetonebeDzil  aa-Dimethyl-a'^'diphenyU 

(m.  p.  181°).  a  fi-oxidoglutarie  acid 

(m.  p.  171°  and  184°). 

Here  the  oxidation  follows  the  same  course  as  in  the  cases  of  anhydr- 
acetonebenzil  and  )3-methylanhydracetonebenzil,  except  that,  under 
the  influence  of  the  two  methyl  groups,  the  resulting  compound  parts 
with  water,  passing  into  the  oxido-form. 

In  the  present  introduction  we  will  describe  only  those  reactions  of 
the  foregoing  oxidation  products  which  admit  of  a  theoretical 
interpretation. 

By  boiling  methyldiphenyldihydroxyglutaric  acid  with  fuming 
hydriodic  acid  it  is  converted  into  meU^j/ldipheni/lcrotolactone  (m.  p. 
88-5°): 

O 

C.H,.C(OH).00,H  _     O.H,.ChV       +  CO,  +  2H.0. 

CeH4-C(OH)-CH(0H,)-CO,H  C^U^'C=C'CK^  -^       t  ^       % 

and  as  there  is  no  reduction  involved,  hydrochloric  acid  effects  the 
tame  transformation,  although  only  very  imperfectly.  The  reaction 
oorresponds  with  that  in  which  diphenyldihydroxyglutario  aoid  is 
ooDTtrted,  under  the  influence  of  bydracids,  into  a  mixture  of  diphenyl- 
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orotobelon*  (m.  p.  151*5^)  and  desyUeetio  aoid  (Japp  and  Lander, 


rant.,  1897,71.  127).* 

WhMi  aoeiodiphenyloxidobutyrio  acid  is  boiled  with  fuming  hydr- 
iodic  acid,  it  yields  a  mixture  of  dip^enyt-A^-crololaetaru  (m.  p.  151*5®) 
and  dM^IactUe  aeid,  the  aceU>>group  being  eliminated,  possibly  in  the 
form  of  aldehyde : 

O 

>  +  2H      -      CeH,-CH   OO       CH,-CH0  +  H,0 

O 
^^      C.H,.dH^  ^         C,H,.CO 

Acetodiphenyloxidobutyrio  acid  forms  a  semicarbazone.  It  also 
interacts  with  phenylbydrazine ;  but  we  were  unable  to  purify  the 
reeolting  compound,  a  failure  which  is  to  be  regretted,  as  the  reactions 
of  the  other  oxido-acids — acetomethyldiphenyloxidobutyric  acid  and 
dimethyldiphenyloxidoglutaric  acid — with  phenylbydrazine  are  quite 
abnormal,  the  oxido-group  taking  part  in  the  reaction.  Thus  aoeto- 
methyldiphenyloxidobutyric  acid 

CjHs-C^-OO-CHj 

C,H5-c/cH(CH3)-CO,H 
interacts  with  phenylbydrazine  according  to  the  equation  : 

C„HiA   +  C^Hj-NH-NH,   =   C^H^^OsN,  +  H,0. 

yielding  a  tuutral  compound  melting  at  212°.  As  the  acid  thus  inter- 
acts with  phenylbydrazine  with  elimination  of  only  1  mol.  of  water, 
forming  a  compound  which  is  no  longer  an  acid,  it  is  clear  that  the 
carbonyl  of  the  aceto-group  does  not  take  part  in  the  reaction,  as  the 
joint  action  of  the  carbonyl  and  carboxyl  groups  on  a  mol.  of  phenyl- 
hydrazine  would  involve  the  elimination  of  2  mols.  of  water,  not  to 
mention  the  fact  that  the  carbonyl  group  is  in  the  ^position  to  the 
carboxyl  group,  a  circumstance  which  would  render  such  joint  action 
impossible.  The  following  scheme  would  furnish  an  explanation  of 
'  he  reaction : 
C,H,•C^:00•CH,  C,H,-<p(OH)-00-OH, 

I  >0  C^H^'NH'NH,       aH4-CCH(CH,)-00^ 

C.H,.C^H(CHJ.CO,H*  C,H,.N-NEI, 

Hypothetical  intermadiata 
prodact 

*  The  diphenylcrotolactoae  is  there  represented,  according  to  the  view  at  that 
time  proTailing  as  the  A^-anaatarated  compoond. 
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C,H,-9(OH)-CO-CH3 
->        CeH,-(Jj— CH-CH 
C,H,-N      Co 

NH 

Compound,  m.  p.  212°. 

According  to  this  explanation  the  basic  imino-group  of  the  phenyl- 
hydrazine  first  interacts  additively  with  the  oxido-group  of  the  acid,  as 
in  the  action  of  piperidine  on  phenylglycidic  acid  (Erlenmeyer,  jun., 
Annalen^  1892,  271,  157) ;  and  then  this  intermediate  compound  parts 
with  water  forming  a  pyrazolidone  ring,  as  in  the  interaction  of  the 
)8-halogen-propionic  acids  with  phenylhydrazine  (Ber.y  1891,  24, 
Ref.,  234).*  That  the  elimination  of  water  from  the  hypothetical 
intermediate  compound  does  not  occur  between  carboxyl  and  hydroxyl 
80  as  to  form  a  lactone  is  shown  by  the  fact  that  the  resulting  com- 
pound does  not  yield  a  salt  with  alcoholic  potash. 

The  corresponding  abnormal  reaction  of  dimethyldiphenyloxido- 
glutaric  acid  will  be  described  further  on. 

Acetomethyldiphenyloxidobutyric  acid  yields  an  oxime  in  which 
the  carbonyl  of  the  aceto-group  is  oximated,  the  reaction,  unlike 
that  with  phenylhydrazine  just  described,  being  perfectly  normal. 
The  oxime  contains  the  carboxyl  group  and  dissolves  in  sodium 
carbonate. 

When  heated,  acetomethyldiphenyloxidobutyric  acid  parts  with 
carbon      dioxide,      yielding       p-acetoa-ethyl-aP-diphenyloxidoethaney 

I  ^0  (m.    p.    98 — 99°).     This    yields    a    aemicarbazone, 

C,H,-C/C,H. 
C„H„OjN,  (m.  p.  204°). 

Potassium  hypobromite  oxidises  acetomethyldiphenyloxidobutyric 
acid  to  a-methyl-a! pdipJienyl-a P-dihydroxyglutainc  acid  : 

C,H..C^O.CH.  KBrO  C.H,-C(OH)-CO,H 

C.H.-(!;^CH(CH.)-CO,H  C.H,-(i(OH)-CH{CHJ-CO,H 

The  product  is  identical  with  the  acid  obtained  by  the  oxidation  of 
/S-methylanhydracetooebenzil  with  chromium  trioxide.  It  is  to  be 
noted  how,  in  the  present  case,  the  removal  of  a  methyl  group  leads  to 
the  re-hydration  of  the  oxido-group. 

When  acetomethyldiphenyloxidobutyric  acid  is  boiled  with  fuming 
hjdriodio  acid  it  yields  ruethyldiphenyl-^^-crotolactone  (m.  p.  88'5°) : 

*  Odo  of  iu  it  at  present  engaged,  conjointly  with  Mr.  W.  Maitland,  in  studying 
the  action  of  phenylhydraxine  on  sodium  phony Iglycidatc,  and  the  results  obtained, 
which  we  hope  to  publish  shortly,  entirely  confirm  the  abore  interpretation. 
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O 
C.H,-Ov-CX)CH,  .Ch\) 

This  change  oorresponda  with  that  which  acetodiphenyloxidobutyric 
aoid  4iiidtfgoe8  under  the  same  conditions  (v.  mpra)^  except  that  in 
the  preeont  case,  owing  to  the  dehydrating  action  of  the  methyl  group,' 
only  the  unsaturated  lactone,  and  none  of  the  corresponding  ketonic 
acid,  is  formed. 

By  the  action  of  acetic  anhydride,  mixed  with  a  few  drops  of  con- 
centrated sulphuric  acid,  on  acetomethyldiphenyloxidobutyric  acid  in 
the  oold,  a  lactone  of  the  formula  C^iUjoO^  (m.  p.  140°)  is  formed 
aooording  to  the  equation  : 

C^Hj-Os-COCH, 

I  >0  +   rCjHoO),© 

CeH4-C^H(CH,)-C0,H 

CH3CO     o 

CeH^-C "^^ CO  +    CHg-COjH. 

C,H,-6(0-C,H,0)-CH.CH3 
Lactone,  m.  p.  140". 

The  foregoing  process  might  be  regarded  as  an  addition  of  CH3*C02 
«nd  H  to  the  oxido-group,  the  resulting  compound  then  parting  with 
water  to  form  a  lactone  : 

|>0  ^a^       C,H,.C.OH  CO,H 

C.H,.C^H(CH3)-C0jH  C,H,.6(0-C,H30)-CH-CH3 

->  C,H,.C— /  ^ CO 

C^H^-C(0-C3H30)-CH-CH8 

When  this  lactone  is  treated  with  alcoholic  potassium  hydroxide  it 
^Ids  adetylpropionic  acid.  Possibly  methyldiphenyl-A*-crotolactone 
is  formed  as  an  intermediate  product : 

C.H,.C— /  ^ 00  +H,0  =  C,H,.CH  00       +2CH,-C0,H, 

C.Hj-qO-  CjH,0)-CH-CH,  CoH5-C=C-CH, 

the  lactone  being  then  hydrolysed  to  a-desylpropionic  acid  as  already 
described. 

The  neutral  compound  obtained  along  with  acetomethyldiphenyl- 
oxidobutyric  acid  by  the  oxidation  of  o^-dimethylanhydracetonebenzil, 
is,  as  already  stated,  to  be  regarded  as  a  dimethyldiphenyltrihydroxy- 
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cyc/opentanone.  That  the  pentacarbon  rin«j  is  still  iutact  in  this 
compound  is  shown  by  the  fact  that,  by  boiling  the  substance  with 
hydriodic  acid,  it  yields,  along  with  other  products,  dimethi/ldiphenyl- 
cyclopentenone  (m.  p.  122°) : 

C.H.-C(OH)-qOH)(Ca,k  CeH,-C-CH(CH,)^^ 

.C.H.-6(0H)— CH(CH,)>°°  +  *"  -  C.H,.i3.CH(CH3)>^  +  ^^^' 

a  compound  which  can  also  be  obtained  by  the  reduction  of  a/3-di- 
methylanhydracetonebenzil.  The  latter  reaction  will  be  described  in 
a  subsequent  communication,  where  the  reasons  for  assigning  to  the 
compound  the  foregoing  constitution  will  also  be  given. 

Dimethyldiphenyltrihydroxycyc^opentanone  forms  a  a&tnicarhazone, 
CjQHgaO^Ng.  It  also  yields  a  number  of  other  transformation  products ; 
but,  as  the  constitution  of  most  of  these  admits  of  more  than  one 
interpretation,  we  will  confine  ourselves  to  describing  later  on  the 
experimental  results. 

CeH,-Cs-CO,H 

Dimethyldiphenyloxidoglutaric  acid,  |  yO  ,    the 

C,H,-C^C(CH3),-C02H 
oxidation  product  of  y8;8-dimethylanhydracetonebenzil,  interacts  with 
phenylhydrazine  according  to  the  equation : 

Ci9Hi805  +  CeH,.NH-NH2   =   O^^H^  A^j  +  2H2O, 

yielding  a  neutral  compound  melting  at  182°.  The  reaction  resembles 
that  of  acetomethyldiphenyloxidobutyric  acid  already  described,  and 
in  both  cases  the  oxido-group  takes  part  in  the  reaction.  The 
mechanism  of  the  process  may,  in  the  present  case,  be  represented 
as  follows : 

««.«-f\0  C.H.-NH-KH.  ^O^'^f^" 

C^C(OH,)j-CO,H  "^    NHj-N C-C(0H,),-CO,H 

C.H.  6,H.  C,H, 

Hypothetical  intermediate  product 

^e^ft     Ce^5 

Kentxal  compound  (m.  p.  182*). 

Aj  in  the  former  case,  so  here  also  the  first  stage  of  the  process  may 
be  Mfumed  to  be  an  additive  interaction  between  the  phenylhydrasine 
and  the  oxido-group  of  the  acid  ;  but  in  the  present  reaction  the 
reeulting  intermediate  compound  parts  with  two  mols.  of  water,  yield- 
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log  a  tubsUnce  which  coDtaiDS  both  the  lactone  ring  and  the  pyraso- 
lidone  ring.  Ita  lactonio  character  is  shown  by  the  fact  that  it  yields 
a  salt  with  potassium  hydroxide,  and  that  the  resulting  acid,  when 
freshly  precipitated,  dissoUes  in  alkaline  carbonates,  but,  on  drying, 
or  on  reorysiallisation,  is  reconverted  into,  the  neutral  compound 
melting  at  182°. 

Wlieo  heated,  dimethyldiphenyloxidoglutaric  acid  parts  with  water, 

C.Hj-Cs- COv 

yielding  the  anhydride  I  >0  >0  (m.  p.  158°),  which 

may  also  be  obtained  by  the  action  of  acetic  anhydride,  with  the 
additioD  of  a  few  drope  of  concentrated  sulphuric  acid,  on  the  acid  in 
the  cold.     Treated  with  alkalis  the  anhydride  regenerates  the  acid. 

By  boiling  with  dilute  sulphuric  acid,  dimethyldiphenyloxidoglutaric 
acid  is  conyerted,  partly  into  the  foregoing  anhydride,  and  partly, 
with  elimination  of  carbon  dioxide  and  water,  into  1  :  l-dimethi/^2  :  3- 
diphmyl'^^-crotolcictone^  a  little  a-dcsylisobtUi/ric  acid  being  formed  at 
the  same  time  : 

^|>0'  -  CX),     .     C,H,.C.OH  _^ 

C.Hj-C^CH,),CO,H  C<,H5-CC{CH,)jC0jH 

O 

C.H,-C      CO  C,H,.CO 

C,H,-d qCH,),  CeH,-CH-C(CH3),-C0,H 

1 :  l-Dimethyl-2  : 3-diphenyl-A*-  o-Deaylwobutyric  acid  (m  p.  218', 

ciotoUctone  (m.  p.  105—106*).  with  decomposition). 

In  this  case,  only  the  A^-crotoiacione  can  be  formed,  as  there  is  no 
hydrogen  attached  to  the  a-carbon  atom  of  a-desylMobutyric  acid. 

The  formation  of  a-desyluobutyric  acid  from  dimethyldiphenyloxido- 
glutaric acid  is  analogous  to  that  of  phenylacetaldehyde  from  phenyl- 
glycidic  acid  : 

C.Hj-CH-CH-COjH   -   CjHjCHj-CHO   +  CO,. 


i 


Y 


The  formation  of  desy  lace  tic  acid  from  acetodiphenyloxidobutyric 
acid,  and  of  a-desylpropionic  acid  (or  rather  of  its  lactone — methyl- 
diphenyl-A^-crotolactone)  from  acetomethyldiphenyloxidobutyric  acid 
(v.  8upra)t  belong  to  the  same  category,  except  that  in  the  two  latter 
cases,  the  aceto-group  is  eliminated  in  place  of  carbon  dioxide. 

The  constitution  of  a-desylMobutyric  acid  was  proved  by  synthesising 
it  from  sodium  deoxybenzoin  and  ethyl  a-bromisobutyrate,  hydrolysiog, 
with  caustic  alkali,  the  ester  thus  obtained  : 

X  2 


CeH 
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C.H,.CO       ^ CH3>^3^.  ^  CeH,.CO  +  NaBr 

C,H,-CHNa    CH^'^  '  '    '     C,H,-CH-C(CHj)2-C02C2H5       • 

By  the  action  of  acetic  anhydride,  containing  a  little  concentrated 
sulphuric  acid,  on  a-desylwobutyric  acid  in  the  cold,  the  foregoing 
dimeihyldiphenylcrotolactom  (m.  p.  105 — 106°)  is  formed. 

When  dimethyldiphenyloxidoglutaric  acid  is  boiled  with  hydriodic 
acid,  it  yields,  as  first  product  of  the  reaction,  adesylxsohutyric  acidf 
the  reaction  so  far  resembling  that  of  dilute  sulphuric  acid  just  de- 
scribed ;  but  a  reduction  compound  is  formed  at  the  same  time,  and  if 
the  boiling  is  continued  sufficiently  long,  the  a-desyh'sobutyric  acid  is 
converted  into  this  reduction  compound,  which  is  the  dimorphous 
lactone  (m.  p.  106°  and  110°)  of  aa-dimethyl-PydipJienyl-yhydroxy- 
hutyric  acid  : 

O 

/\ 
*'9^  +   2H       =      ^^Hs-QH  CO  jj  Q 

This  saturated  lactone  can  also  be  obtained  by  reducing  a-desylMo- 
butyric  acid  in  boiling  alcoholic  solution  with  sodium.     A  salt  of  the 
above  dimethyldiphenylhydroxybutyric  acid 
CeH,-CH-OH 
CeH,-ClI-C(CH3)2-C02H 
is  formed  ;  the  latter  acid,  when  liberated,  yields  the  lactone. 

When  the  saturated  lactone  is  reduced  at  a  higher  temperature 
with  hydriodic  acid  and  red  phosphorus,  it  is  converted  into  aa^i- 
methyiPydipfienylbutyric  acid  (m.  p.  172°) : 

O 

0,H,.CHb0  ^H         ^         C,H,.CH, 

C,H,-CH-C{CH3),  C,H,-CH-C(CH3),-C0,H 

On  the  other  hand,  if  the  saturated  lactone  is  dissolved  in  potassium 
hydroxide,and  the  resulting  salt  of  dimethyldiphenyl-y-hydrozybutyric 
acid  is  oxidised  with  potassium  permanganate,  a-desyrisobutyric  acid 
is  obtained : 

O.H..CH.OH  C,H.-CO  ^ 

C,H,<iHC(OH,),-CO^  C,H,-CH>C(CH^,-CO,H         '  * 
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EXPBEIMIMTAL. 
L   «-MirBTLAHHTDRACKTOirSBKllSIL, 


c.h,.c=c{c;h,k^ 

C.H,-0(OH)CH,-'^^* 


A.     Oxidaiion  qf  a-MdhylamkydraotUtniAmuil  with  Pokusium 
HyfHjhnnniU, 

FiTe  grams  of  fiDelj-powdered  a-methylanhydracetonebenzil 
ra^woded  in  an  alkaline  solution  of  potassium  hjpobromite  (prepared 
bj  adding  15  grams  of  bromine  to  a  solution  of  30  grams  of  potassium 
hydroxide  in  300  c.c.  of  water),  and  the  mixture  was  stirred  for  24 
hows  bj  means  of  a  mechanical  stirrer.  The  unchanged  substance 
was  removed  bj  filtration,  and  the  filtrate,  after  addition  of  sulphurous 
acid,  was  acidi6ed  with  hydrochloric  acid.  The  pale  yellow  precipitate 
was  dissolved  in  ether,  and  the  ethereal  solution  was  extracted  first 
with  sodium  carbonate  solution,  and  afterwards  with  a  solution  of 
sodium  hydroxide.  The  acid  obtained  on  acidifying  the  sodium 
carbonate  extract  was  crystallised  from  a  mixture  of  benzene  and 
light  petroleum  ('Migroin ").  It  formed  groups  of  slender  needles 
metiing  oonstantly  at  174*5°,  and  on  analysis  gave  figures  agreeing 

with  the  formula  of  a-desylenepropionte  aeid,     "    *  I^       ■         '    . 

01560  gave  04387  CO,  and  00769  H,0.     C  =  7669  ;  H  -  547. 
CiyHj^Oj  requires  0-76*69;  H-5*26  per  cent. 

The  acid  did  not  dissolve  readily  in  dilute  ammonia,  and  an  attempt 
to  pirepare  the  silver  salt  from  the  ammonium  salt  by  precipitation 
did  not  yield  a  pure  product. 

The  sodium  hydroxide  extract  above  referred  to  yielded,  on  acidify- 
ing, a  yellow  precipitate  which,  on  recrystallisation  from  benzene, 
was  obtained  in  thick  yellow  needles  showing  a  green  fluorescence 
and  melting  at   156°.     These   are   the   properties  of  diphenylmaUio 

amkydridei  p*ri*.M.pX^^»    *°^»   ^^   mixing   the   substance   with  a 

sample  of  the  latter  compound,  the  melting  point  was  not  depressed. 

01519  gave  0*4280  CX),  and  00595  H,0.     C  -  7684 ;  H  -  4*35. 
CigHjoO,  requires  C  -  76*80 ;  H  -  4*00  per  cent. 

Oxidation  of  5  grams  of  a-methylanhydracetonebenzil  yielded  0*4 
gram  of  a-desylenepropionic  acid  and  1*6  gram  of  diphenylmaleic 
anhydride,  whilst  two  grams  of  the  original  substance  were  recovered 
unchanged. 

deduction  of  a-Desylenepropianie  Acid  :  Formation  of  i'Methyl-2  ;  S^i- 
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phenyl-A^'Crotolactonet  p'tt'^.Xtt    Xn     ** — ^°®  ^"^™  °^  ^^^  **^^^  ^^^ 

O 

boiled  with  fuming  hydriodic  acid  (sp.  gr.  1'96)  for  5  minutes.  The 
product  was  dissolved  in  ether  and  treated  with  solutions  of  sulphurous 
acid  and  sodium  carbonate.  The  residue  obtained  on  evaporation  of 
the  ether  was  crystallised  from  methyl  alcohol.  Tabular  crystals 
were  deposited  melting  at  70 — 71°;  but  after  standing  for  some  weeks 
they  turned  opaque  and  then  melted  at  88*5°.  The  latter  is  the 
melting  point  of  methyldiphenylcrotolactone — a  substance  obtained  in 
various  other  reactions  in  the  course  of  this  work.  The  present 
specimen  was  further  identified  by  the  mixture  melting-point  method, 
a  sample  of  the  compound  prepared  from  acetomethyldiphenyloxido- 
butyric  acid  (v.  infra)  being  employed  for  comparison. 

The  lower  melting  point  of  70 — 71°  was  not  observed  except  in  the 
case  of  the  foregoing  preparation. 

B.  Oxidation  of  a-Mtthylanhydracetonehenzil  with  Chromium  Trioxide. 

To  a  solution  of  10  grams  of  a-methylanhydracetonebenzil  *  in  glacial 
acetic  acid,  a  solution  of  15  grams  of  chromium  trioxide  in  the  same 
menstruum  was  very  gradually  added,  the  mixture  being  cooled  with 
water  and  stirred  during  the  process.  The  whole  was  allowed  to  stand 
in  the  cold  for  3  days,  after  which  it  was  poured  into  excess  of  water. 
The  dark  green,  viscid  precipitate  was  separated  and  extracted  with 
ether,  and  the  ethereal  solution  was  shaken  with  aqueous  sodium  car- 
bonate. On  acidifying  the  alkaline  solution  an  organic  acid  was  precipi- 
tated as  a  pale  green  oil  which  afterwards  solidified.  This  was  redissolved 
in  ether,  the  solution  was  re-extractod  with  sodium  carbonate,  and  the 
alkaline  solution  was  gently  warmed  for  some  time ;  this  caused  the 
separation  of  chromium  compounds,  which  were  removed  by  filtration. 
On  acidifying,  the  acid,  now  free  from  chromium,  was  precipitated. 
(If  the  alkaline  solution  is  too  strongly  heated  in  the  foregoing  process 
the  acid  obtained  is  yellow.)  It  crystallises  from  dilute  alcohol,  or 
from  a  mixture  of  ether  and  light  petroleum,  in  slender  needles  melt* 
ing  at  131 — 132°  with  decomposition.  On  several  occasions  it  was 
noticed  that  on  allowing  the  needles  to  stand  in  contact  with  the  dilute 
alcoholic  mother  liquor,  they  were  transformed  into  tabular  crystals 
with  the  same  melting  point ;  these  could  be  converted  into  needles  by 
reerystallisation  from  the  mixture  of  ether  and  light  petroleum. 

*  In  the  earlier  experiments  the  modification  of  a-methyUnhydracetonebenxil 
ineUing  at  118°  wm  employed  ;  in  the  later,  that  melting  at  133*6*.  (See  pnceding 
paper.)  Both  yielded  the  aame  product  The  same  appliei  to  the  hypobromit^ 
ojtifUtion  joat  deacribed. 
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M%ljtii^  ift  which   differeDt  prepArationt   war*  •mplojod,   gave 
ngurw  AgTMittg  with  the  formaU  of  yaetto-Py^ipkm^PyoxidobiU^ 

01899  gave  0*5033  CO,  and  0*0938  H,0.     0 - 7251  ;  H - 6*50. 
01519     „     0-4073  CO,    „    0  0752  H,0.     C-7313;  H-5-50. 
0-1966    ,.     0*5249  CO,    „    0*0968  H,0.     C- 72*81  ;  H-547. 
C„H,,0^  requires  C- 72*97  ;  H-540  per  cent. 

The  9Umr  salt  was  obtained  as  a  white  precipitate  on  adding  silver 
nitrate  to  a  solution  of  the  ammonium  salt : 

0*4169  gave  0*1109  Ag.     Ag-26-60. 

CjgHj^O^Ag  requires  Ag»  26*78  per  cent. 

The  yield  of  pure  acid  from  10  grams  of  a-methylanhydracetonebenzil 
was  only  0*5  gram.  Owing  to  the  difficulty  of  obtaining  the  acid  in 
quantity  we  have  been  unable  to  study  it  with  the  requisite  thorough- 
ness,  and  the  constitution  which  we  assign  to  it  is  based  chiefly  on  its 
analogy  to  its  homologue  acetomethyldiphenyloxidobutyric  acid,  the 
product  of  the  oxidation  of  a/3-dimethyIanhydracetonebenzil  with 
chromium  trioxide. 

CeH5-C^-C(N-NH-C0-NH,)-CH, 

Stmicarhazane,  \  }0  ,  of  Aceiodiphmi/l' 

C^Hj-C^Hj-COjH 
oxidobuiyrie  Acid. — 0*7  gram  of  semicarbazide  hydrochloride  was 
dissolved  in  a  very  little  warm  water  and  mixed  with  an  alcoholic 
solution  of  0'6  gram  of  potassium  acetate.  After  filtering  off  the 
potassiam  chloride,  the  filtrate  was  added  to  an  alcoholic  solution  of 
0*6  gram  of  tbe  foregoing  acid,  and  the  mixture  was  allowed  to 
stand.  After  two  days  the  crystals  which  had  formed  were  separated 
and  recrystallised  from  alcohol,  from  which  they  were  deposited  in 
groups  of  small  Deedles  melting  at  198°  with  decomposition.  The 
compound  was  soluble  in  sodium  carbonate,  showing  that  the  oarboxyl 
group  had  not  taken  part  in  the  reaction. 

A  nitrogen  determination  gave  figures  which  were  somewhat  lower 
than  those  required  by  the  semioarbazone ;  but  we  had  no  acid  to  spare 
for  a  second  preparation. 

01368  gave  13*6  c.c.  ^oist  nitrogen  at  21°  and  760  mm.     N  - 1 1*32. 
CijHjjO^N,  requires  N  —  1 1  *89  per  cent. 

AeliOH  of  Hydriodie  Acid  on  Acetodiphmyloxidobutyrie  Add:  Farmth 
C  H  'CO 
Uon  of  Desylaeetie  Acid,  ^^^^L-qYI  -CO^'    ^"^   Diphenylr&}-crot<h 
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lactone,      *    *  i Y     —  Acetodiphenyloxidobutyric  acid  was   boiled 

with  excess  of  fuming  hydriodic  acid  for  2  minutes.  The  product  was 
dissolved  in  ether  and  treated  with  sulphurous  acid ;  sodium  carbonate 
then  removed  an  organic  acid,  whilst  a  neutral  substance  remained  in 
the  ether.  The  acid  crystallised  from  alcohol  in  the  lustrous  octahedra 
of  desylacetic  acid,  melting  at  161°;  and  its  melting  point  was  not 
altered  by  mixing  it  with  a  specimen  of  desylacetic  acid. 

01532  gave  04254  COg  and  00774  HgO.     0  =  75*72  ;  H  =  5-61. 
CjeHi^Og  requires  C  =  75  59  ;  H  =  551  per  cent. 

The  neutral  substance  which  remained  after  removing  the  desylacetic 
acid  was  recrystallised  from  a  mixture  of  benzene  and  light  petroleum. 
It  was  deposited  in  prismatic  needles  melting  at  151-5°,  and  proved  to 
be  diplienyl^^-crotolactom.  This  was  confirmed  by  the  mixture 
melting-point  test : 

01591  gave  0-4768  CO2  and  0-0739  HgO.     C  =  81-73;  H  =  5-16. 
C16H12O2  requires  C  =  81  -35  ;  H  =  5-09  per  cent. 

II.  /8-Methylanhydracetonebenzil, 

C,H.-(i(OH)-0H(CH,K     ■ 
Oxidation  of  P-Met?iylanhydracetonehemil  with  Chromium  TVuMBtcIf. 

Ten  grams  of  )8-methylanhydracetonebenzil  (m.  p.  180°)  in  fine 
powder  were  suspended  in  40  c.c.  of  glacial  acetic  acid,  and  a  solution 
of  15  grams  of  chromium  trioxide  in  the  same  solvent  was  added 
fairly  rapidly,  using  a  mechanical  stirrer  and  cooling  during  the 
process.  During  the  addition  of  the  chromium  trioxide  the  suspended 
substance  went  into  solution.  After  standing  in  the  cold  for  three 
days,  the  mixture  was  diluted  with  water,  and  the  green  precipitate 
was  filtered  off  and  dissolved  in  sodium  carbonate.  The  alkaline 
solation  was  digested  for  several  hours  on  the  water  bath,  after  which  it 
was  filtered  from  chromium  compounds  and  acidified.  If  the  acid 
precipitated  is  not  quite  colourless,  it  should  be  redissolved  in  sodium 
carbonate  and  the  warming  continued.  A  further  quantity  of  the 
acid  may  be  obtained  from  the  original  dilute  acetic  acid  filtrate  by 
eztraotion  with  ether.  The  acid  was  crystallised  from  ether,  from 
which  it  separates  in  obliquely-terminated  four-sided  prisms  melting 
at  176°  with  decomposition.  In  polarised  light  the  crystals  show 
an  extinction  angle  of  32°.  It  is  readily  soluble  in  alcohol,  acetone, 
and  ethyl  acetate,  very  sparingly  soluble  in  benzene.    The  yield  is  fair, 
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5 — 6  grams  of  the  add  being  obtained  from  10  grami  of  /^-methyl- 
anhTdimoetonebeoail. 

Analytit  gave  figures  agreeing  with  the  formula  of  ormUkyla  fi-di- 
.      ,  .*»^.t  J         f       .        .»  CeH.-C(OH)-CO,H 

j^.^aB^j..a.f^uu^  acd,  cIh1.(Soh).ch(ch,).co,h- 

u  U'p7  gave  03037  CO,  and  00632  H,0.     0-65  36  ;  H-5-54. 
0-1369     „     0-3274  CO,  and  0*0698  H,0.     C  -  6522  ;  H  -  566. 
C|gH,gOf  requires  0<«  65*45 ;  H«i5'45  per  cent. 

The  titter  stlt  was  obtained  as  a  white  precipitate  on  adding  silver 
nitrate  to  a  solution  of  the  ammonium  salt. 

0-2074  gave  03045  CO,,  00535  H,0  and  0-0829  Ag.  C-4004; 
H-3-86;  Ag- 39*97. 

CjgHijOjAg,  requires  C-39-71  ;  H-2-94;  Ag-39'69  per  cent. 

Adum  qf  Ileal  on  MtthyldiphenyldihydroxygliUaric  Acid. — A 
quantity  of  the  acid  was  distilled  under  reduced  pressure.  The  distil- 
late, which  was  a  pale-yellow,  viscid  substance,  was  treated  with  ether, 
which  deposited  it  in  large  tabular  crystals,  of  rhombic  outline.  Re- 
crystallised  from  alcohol,  they  melted  constantly  at  138 — 139°. 
Analysis  gave  figures  agreeing  with  the  formula  C^^Hj^O,. 

01551  gave  04631  CO,  and  0  0817  H,0.     C-81-43;  H  =  5-85. 
C17H14O,  requires  C  =  81*60 ;  H  -  560  per  cent. 

By  heating  the  acid,  first  at  155°  and  afterwards  at  215°,  in  a 
Sprengel  vacuum  and  pumping  off  and  measuring  the  gas,  it  was  found 
that  exactly  1  mol.  of  carbon  dioxide  was  eliminated.  Water  was  also 
seen  to  be  given  off.  The  compound  is  formed  according  to  the 
equation, 

C^HigO,       -       Ci^Hj.O,     +     CO,     +     2H,0. 
MethyldipheDjl-  Compoand 

dihydroxyglntaric  tcid.        m.  p.  188— 189\ 

Japp  and  Lander  showed  that  diphenyldihydroxyglutaric  acid,  when 
heated  at  105°,  yielded  Mocinnamenylmandelic  acid  according  to  the 
equation, 

C17H1A     -     Ci«H„0,     +     CO,     +     H,0, 

and   that,  when   the   wocinnamenylmandelic   acid   thus    formed   was 
heated  at  160°,  it  decomposed  as  follows  : 

C..H„0;    -     C„H.,0,     +     H,0 

Compoand 
m.  p.  118— 120*. 

(Trans.,  1897,  71,  134  and  139).     The  foregoing  compound  CjyH^^O, 
is  doubtless  the  methyl  homologue  of  this  Cj^HijO,,  and  the  reaction 
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in  which  it  is  formed  is  a  combination  of  the  two  just  quoted.     An 
attempt  which  we  made  to  stop  this  reaction  half  way,  so  as  to  obtain 
a  methyl  homologue  of  t^ocinnaraenylmandelic  acid,  led  to  no  result. 
Action  qf  Hydriodio  Acid  on  MethyldipJienyldihydroxyglutaric  Acid  : 

O 
/\ 
Formation  qf  MethyldipJienyl-^^-crotolactone^  ^^  V V  . — The 

acid  was  boiled  for  two  minutes  with  fuming  hydriodic  acid,  and  the 
product  was  puriBed  in  the  usual  way.  The  compound  was  deposited 
from  ether  in  transparent,  thick  crystals  of  rhombic  outline,  melting 
at  88*5°,  and  proved  to  be  methyldiphenylcrotolactone.  It  was  further 
identified  by  the  mixture  melting-point  test,  and  this  result  was  con- 
firmed by  analysis. 

0-1630  gave  0-4866  COg  and  00839  YLfi.     0  =  81-41  ;  H  =  5-71. 
CiyHj^Og  requires  C  =  81*60  ;  H  =  560  per  cent. 

As  the  process  in  which  the  foregoing  compound  is  formed  is  not  a 
reduction,  we  tried  whether  fuming  hydrochloric  acid  would  effect  the 
pame  change  as  hydriodic  acid.  Methyldiphenyldihydroxyglutaric 
acid  was  therefore  boiled  with  fuming  hydrochloric  acid  for  ten 
minutes ;  but  only  about  10  per  cent,  of  it  was  transformed  into 
methyldiphenylcrotolactone,  the  remainder  being  recovered  unchanged. 

III.    ajS-DlMETHYLANHYDRACETONEBENZIL, 

C,H,-C==C(CH3) 
C,H,-C(0H)-CH(CH3K''"- 

Oxidation  of  aP-Dimethylanhydracetonebenzil  with  Chromium  Trioande. 

Twenty  grams  of  finely-powdered  a^  dimethylanhydracetonebenzil 
were  suspended  in  70  c.c.  of  glacial  acetic  acid,  and  an  acetic  acid 
solution  of  30  grams  of  chromium  trioxido  was  gradually  added,  the 
oxidation  being  carried  out  in  the  cold  as  in  the  processes  already 
described.  The  substance  went  into  solution  during  the  addition 
of  the  chromium  trioxide ;  but  by  the  next  day  a  considerable 
quantity  of  a  crystalline  deposit  had  formed.  After  standing  for  3 
days,  the  mixture  was  diluted  with  water,  and  the  crystalline  pi*e- 
cipitate  was  filtered  off  and  washed  with  water,  by  which  means  it 
was  obtained  almost  white.  (The  filtrate  contains  chiefly  benzoic 
acid  and  may  be  rejected.)  The  precipitate  was  dissolved  in  ether 
and  the  ethereal  solution  was  shaken  with  a  solution  of  poUutium 
carboDate,  which  left  a  neutral  substance  dissolved  in  the  ether.  On 
adding  to  the  potassium  carbonate  extract  a  solution  of  sodium 
carboDAte,  iha  sfaringly  soluble  sodium  salt  of  the  new  acid  wa^ 
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preeipiUted ;  it  was  tepanited  by  filtration  and  deoompoMd  by 
tthaking  it  with  dilute  sulphuric  acid  and  ether  in  a  separating 
funnel.  The  aqueous  filtrate  from  the  sodium  salt  yields,  on  acidify- 
ing, a  further  quantity  of  the  acid,  but  contaminated  with  benzoic 
acid  ;  the  latter  may  be  removed  by  extraction  with  boiling  light 
petroleum.  The  new  acid  was  crystallised,  first  from  ether,  and  then 
from  a  miztuie  of  acetone  and  light  petroleum.  From  either  solvent 
it  separates  in  short  six-sided  prisms  with  pointed  ends.  It  melts, 
with  deoomposition,  at  164^ 

Analysis  gave  figures  agreeing  with  the  formula  of  y-acet<ha-metht/l' 

CeHj-C;-CO-CH, 
Pr-iMfikm^-Pyoxidoimt^  acid,  I  ^O 

C,H5-C^H(CH3)-C03H 

01461  gave  03947  CO,  and  0K)784  H,0.     C  =  7367  ;  H  =  5-96. 
01534     „     0-4124  COj    „    00808  HjO.     C«73-32 ;  H-5-85. 
C,,H,gO^  requires  0  =  73*55;  H  =  5*81  per  cent. 

The  tilver  salt  was  obtained  as  a  white  powder  by  precipitating  the 
ammonium  salt  (itself  only  sparingly  soluble  in  water)  with  silver 
nitrate. 

0-2902  gave  0-0741  Ag.     Ag - 255. 

Oj^Hj^O^Ag  requires  Aga25'9  per  cent. 

The  netUnU  aubitanee  remaining  in  the  ether  after  the  removal  of 
the  acid  by  potassium  carbonate  was  deposited  in  large  flat  octahedral 
crystals.  It  may  also  be  crystallised  from  hot  alcohol  or  light 
petroleom.  Its  behaviour  on  melting  is  peculiar  :  it  melts  about  89° 
to  a  semi-opaque  liquid,  which  clears  about  120°  with  evolution  of  gas. 

The  specimens  used  for  analysis  were  crystallised  (1)  from  alcohol, 
(2)  from  ether,  (3)  from  light  petroleum.  The  figures  obtained  agreed 
with  the  formula  of  1  :  Z-dimetht/l-i  :  b-dipksnyl-l :  4  :  5-<n7*yc?raxycyclo- 

/ox    CeH5-C(0H)-C(0H)(CH,K__ 
'•"*'~^^)'  O.H,-0(OH) CH(OH,)>^^- 

01355  gave  03608  00,  and  00802  H,0.     C  -  7263  j  H  -  658. 

01640    „     0-4364  CO,   „    00943  H,0.     0  =- 72-57  ;  H -6-30. 

01555     „    0-4148  CO,    „    00900  H,0.     0-7275 ;  H-6-43. 

0,,H,,0^  requires  C«  73-08;  H-6-41  percent. 

Twenty  grams  of  a^-dimethylanhydracetonebenzil  yielded,  on  oxida- 
tion, 4 — 5  grams  of  the  add  and  6  grams  of  the  neutral  product. 
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A.     Reactions  qf  y-Aceto-a-methi/l pydiphenyiPy-oxidobut^rie  Acid^ 
C-H.-Cv-CO-CHg 
l> 

Action  qf  PhenyUiydrazine  :  Formation  of  the  Compound, 
C6H,-9(OH)-CO-CH8 

C,H,-9 CH.CH3 

CeHg-N       CO 

NH 
— Three  grams  of  acetomethyldipheDyloxidobutyric  acid,  1  gram  of 
phenylhjdrazine,  and  a  little  alcohol  were  heated  in  a  sealed  tube  at 
100°  for  three  hours.  During  the  heating  large  crystals  separated ; 
these  were  filtered  off,  washed  with  alcohol  and  with  ether,  in  which 
they  were  practically  insoluble,  and  recrystallised  from  boiling 
benzene,  from  which  the  compound  was  deposited  in  colourless  prisms 
melting,  with  decomposition,  at  212°.  It  does  not  dissolve  at  100° 
either  in  sodium  hydroxide  or  in  strong  hydrochloric  acid. 

01606  gave  04385  00^  and  0-0897  HgO.     C  =  74*46;  H  =  6-20. 
0*1806     „     11-4  c.c.  moist  nitrogen  at  16°  and  759  mm.     N=i7-34. 
CgsHg^OgNj  requires  C  =  7500;  H  =  600 ;  N  =  700  per  cent. 

Three  grams  of  the  acid  yielded  3*2  grams  of  the  compound  melting 
at  212°. 

The  foregoing  compound  does  not  act  further  with  phenylhydrazine 
at  100°,  whilst  at  150°  there  is  considerable  decomposition,  crystals  of 
ammonium  carbonate  being  found  in  the  tube.  The  product  was  not 
further  examined. 

C,H5-CyC(N-OH)-CH3 

Oxime,  I  yO  . — To    2    grams   of    acetomethyl> 

C,H5-O-CH(CH3)-C02H 
diphenyloxidobutyric  acid,  dissolved  in  an  aqueous  solution  of  5  grains 
of  potassium  hydroxide,  1  '8  grams  (4  mol.  proportions)  of  hydroxyl- 
amine  hydrochloride  were  added,  and  the  mixture  was  allowed  to 
stand  in  the  cold  for  3  days.  On  acidifying  the  solution,  a  white  pre- 
cipitate was  obtained  ;  this  was  crystallised  twice  from  a  mixture  of 
ether  and  light  petroleum,  and  was  thus  obtained  in  spherical  aggreg- 
ates of  slender  needles,  melting,  with  decomposition,  at  172 — 173°.  It 
is  soluble  in  sodium  carbonate. 

Analysis  showed  that  the  oxime  of  the  acid  had  been  formed  : 

01626  gave  0  4171  CO,  and  00864  H,0.     0-6995;  H-5-90. 
0*3543     H     13*9  CO.  moist  nitrogen  at  19°  and  760  mm.    N-45I. 
0|,H,jO^N  requires  C  -  7016 ;  H  -  6*84 ;   N  -  4*30  per  cent. 
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The  tt/fPtr  nUt  was  obUined  as  a  white  preoipiUte  by  adding  tilver 
Diirale  to  a  solaiion  of  the  ozime  in  dilute  ammonia : 

0-3330  gave  0K)830  Ag.     Ag  -  24*92. 

Oi^HjgO^NAg  requires  Ag- 24*98  per  cent. 

Aetim  qf  HtU :  F^trmation  of  P-AeUo-a-M/iyl-apdiphmtjloxidoeihanSt 

OgHj'C<-CO-CH, 

I  /O  , — A  weighed  quantity  of  acetomethyldiphenyloxido- 

butyric  acid  was  heated  at  its  meltiug  point  ( 1 64  )  in  a  small  exhausted 
flask,  connected  with  a  Sprengel  pump,  uutil  gas  ceased  to  be  evolved. 
The  gas  was  pumped  off,  measured,  and  then  absorbed  by  potassium 
hydroxide.  It  was  found  to  be  almost  pure  carbon  dioxide  and  its 
amount  corresponded  almost  exactly  with  the  elimination  of  1  mol.  of 
thai  gas,  as  did  also  the  loss  in  weight  of  the  substance  taken. 

The  product  remaining  in  the  flask  solidified,  on  cooling,  to  a 
colourless,  crystalline  mass.  It  was  dissolved  in  ether  and  the  solution 
was  extracted  with  potassium  carbonate  and  sodium  hydroxide ;  but 
theee  removed  only  a  trace  of  acid.  The  neutral  substance  remaining 
on  evaporation  of  the  ether  was  crystallised  from  alcohol :  it  formed 
long  four-sided  needles,  obliquely  terminated,  melting  constantly  at 
9S-L990.  Analysis  confirmed  the  above  results  as  to  the  nature  of 
the  decomposition : 

0*1470  gave  0*4360  CO,  and  00914  H,0.     C  -  80*89  ;  H  -  6*90. 

0*1542     „     0*4579  COj    „    0*0954  HjO.     C-8098;  H-6-87. 

CigHjjOj  requires  C  =  81*20;  H-6-76  per  cent. 

The  compound  would  be P-aceto-a-ethylapdip/tenf/loxidoethaney assum- 
ing that,  in  the  reaction  in  which  it  is  formed,  the  elimination  of 
carbon  dioxide  is  not  accompanied  by  any  migration. 

The  mother  liquor  from  this  compound  deposited  a  small  quantity 
of  rhombic  prisms,  which,  without  purification,  melted  at  114 — 115°. 
The  quantity  was  insuflicient  for  further  examination. 
CeHJ•C^-C(N•NH•CO•NH,)•CH, 

The  eemtcarbazone,  I/O  ,  of  acetoethyl- 

diphenyloxidoethane,  was  prepared  by  the  method  already  described. 
It  crystallised  from  alcohol  in  lustrous,  small,  thin  plates  melting  at 
204° 

01230  gave  13*7  c.c.  moist  nitrogen  at  10°  and  752  mm.    N  - 1319. 
C,9H,iO,Nj  requires  N -  1300  per  cent. 

Oxidatum  with  Potasnum  UypobromiU :  Formation  qf  MethyUifhenyl- 
iikydrorygUaarie  Acid,  c\u%U)C^(CB;,-GO,^-'^'^  «~"" 
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of  aoetometbyldipheDylozidobutyric  acid  were  added  to  a  solation  of 
potassium  carbonate.  The  sparingly  soluble  potassium  salt  separated.* 
The  mixture  was  gently  warmed  on  the  water-bath,  and  a  solution  of 
potassium  hypobromite  (prepared  by  dissolving  6  grams  of  bromine 
in  a  solution  of  7  grams  of  potassium  hydroxide  in  30  c.c.  of  water) 
was  gradually  added,  the  warming  being  continued  for  half-an-hour. 
The  potassium  salt  went  into  solution,  and  a  strong  smell  of  bromoform 
was  noticeable,  whilst  a  small  quantity  of  a  heavy  liquid  separated ; 
the  latter  crystallised  on  cooling,  but  the  quantity  was  insuflScient 
for  examination.  The  filtered  solution  was  treated  with  sulphur 
dioxide  and  acidified.  The  acid,  thus  precipitated,  was  recrystallised 
from  a  mixture  of  ether  and  ligroin,  and  showed  all  the  properties  of 
meihyldiphenyldiJiydroxyglutaric  acid,  a  compound  already  obtained  by 
the  oxidation  of  ^-raethylanhydracetonebenzil  {v.  supj'a).  Like  this 
substance  it  forms  obliquely-terminated,  four-sided  prisms,  with  an 
extinction  angle  of  22°  in  polarised  light,  and  melts,  with  decom- 
position, at  176°.  Mixed  with  a  sample  of  the  acid  prepared  from 
^methylanhydracetonebenzil,  it  showed  no  depression  of  melting 
point.     Analysis  gave  confirmatory  results. 

0-1652  gave  03972  CO2  and  00846  Hfi.     0  =  6557;  H  =  5-69. 
01631     „     0-3906  CO2    „    00829  H.O.     C  =  65-31 ;  H  =  5-64. 
CjgHjgOg  requires  C  =  65*45  ;  H  =  5-45  per  cent. 

The  yield  is  very  good. 

By  conducting  the  foregoing  oxidation  in  the  cold,  a  complex 
mixture  of  acids  was  obtained,  one  of  which,  at  least,  contained 
bromine.     These  products  were  not  further  examined. 

Action  of  Hydriodic  Acid :  Fai'viatioii  of  Methyldiphenyl-^^-croUh 
O 

C  H  'CH    CO 

lactone,  J^^^  X X  -^^  . — Four  grams  of  acetomethyldiphenyloxido* 

butyric  acid  were  boiled  with  excess  of  fuming  hydriodic  acid  for 
3  minutes.  The  product  was  washed  with  water,  dissolved  in  ether, 
and  treated  with  sulphurous  acid  and  potassium  carbonate  solution. 
The  latter  extracted  only  a  small  quantity  of  an  acid  which  crystallised 
from  ether  in  thin,  rectangular  plates  melting  about  170°  with  decom- 
position ;  there  was  not  sufficient  for  further  examination.  The  neutral 
BubAtaDoe  remaining  in  the  ether  was  deposited  in  clear,  thick  crystals, 
of  rhombic  outline ;  they  melted  at  88*5°  and  proved  to  be  m^yldi- 
phenyl- ^^'Crotolactonef  a  substance  already  obtained  in  other  reactions  in 
the  course  of  the  present  work.   Their  identity  was  further  established 

*  It  would  Uoabtleaabare  be«n  better  to  have  osod  the  readily  soluble  aodinin  salt, 
and  to  have  oxidised  with  aodium  liypobrouiite. 
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l>y  the  miiture  maltiDg-point  method,  a  specimen  of  the  synthetio 
oompound  (from  a-denyl propionic  acid,  v.  t#t/Wi)  being  employed  for 
oomparieon,  and  also  by  analysis. 

01575  gave  0*4731  CO, and  00817  H,0.     C-81  74  ;  U-5-76. 
CifHi^O,  requires  C->81'60  ;  U-5'60  per  cent. 

The  yield  was  about  2  grams. 

In  order  to  obtain  the  corresponding  acid,  the  lactone  was  warmed 
with  alcoholic  potassium  hydroxide.  The  acid,  liberated  from  its  salt, 
crystallised  from  alcohol  in  flat  needles  melting,  with  decomposition,  at 
S20^.     It  proved  to  be  identical  with  Kncevenagel's  a-deaylpropionic 

-^ cISiShchcchj-co.h"'"'''''  ''''''  '''''««8»'»'  P"'P"*'«  "^y 

acting  with  ethyl  a*bromopropionate  on  sodium  deoxybeuzoin,  and 
hydrolysing  the  ester  thus  obtained  {Ber.f  1888, 21, 1353).  Knoevenagel 
gives  the  melting  point  of  his  acid  as  213 — 215°  ;  but  a  specimen,  which 
we  prepared  by  his  method,  melted,  as  above,  at  220°,  and,  when  mixed 
with  the  acid  from  the  lactone,  showed  no  depression  of  melting  point. 
Much,  however,  depends  upon  the  rate  of  heating,  as,  in  the  neighbour- 
hood of  its  melting  point,  the  acid  is  gradually  transformed  into  the 
lactone,  and  shows  signs  of  softening  even  as  low  as  200°. 

The  acid  prepared  from  the  lactone  gave  figures  agreeing  with  the 
formula  of  a-desyl propionic  acid. 

0  1600  gave  0*4444  COj  and  00886  HjO.     C  =  7575  ;  H  «  615. 
CiyHjjO,  requires  C  =  7611  ;  H  =  5-97  per  cent. 

A  specimen  of  a-desylpropionic  acid  prepared  by  Kooevenagers 
method  was  distilled  under  reduced  pressure.  The  temperature  of  the 
bath  was  slowly  raised  to  255 — 260°  when  the  substance  passed  over. 
The  distillate  was  dissolved  in  ether,  and  the  solution  deposited  clear 
thick  rhombs  of  methyldiphenyl^^-croVolacUme  melting  at  88*5°.  As 
already  mentioned,  the  melting  point  was  not  depressed  when  the  sub- 
stance was  mixed  with  the  lactone  prepared  by  the  action  of  hydriodic 
acid  on  acetomethyldiphenyloxidobutyric  acid. 

If  a-desylpropionic  acid  were  treated  in  the  cold  with  acetic  anhydride 
containing  a  few  drops  of  sulphuric  acid,  it  ought  to  yield  the  labile 
methyldiphenyl-A'-crotolactone  (not  yet  prepared) ;  but  we  did  not  try 
this  experiment  as  we  wished  to  avoid  trenching  on  Thiele's  work  in 
this  field. 

Action  of  Acetic  Anhydride  :   Forimuion  of  t/ie  Lactone^ 
CH,-CO       O 

C.H,.6— Z'^— CO 
C^H,-C(0C,H30)CH-CH, 

(m.  p.  140°). —  Four  grams  of  acetomethyldiphenyloxidobutyric  acid 
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were  added  to  32  c.c.  of  acetic  anhydride  with  which  8  drops  of  con^ 
centrated  sulphuric  acid  had  previously  been  mixed.  The  substance 
readily  dissolved.  After  standing  for  a  day  at  ordinary  temperature, 
the  mixture  was  poured  into  excess  of  water.  The  precipitate  was 
filtered  off  and  dissolved  in  ether.  Potassium  carbonate  removed  only 
a  trace  of  acid.  On  evaporation  of  the  ether,  the  neutral  substance, 
which  proved  to  be  an  acetoxy -lactone  of  the  formula  above  given, 
was  deposited  in  short,  four-  or  six-sided  prisms.  Kecrystallised  from 
a  mixture  of  benzene  and  ligroin,  it  melted  constantly  at  140^.  The 
yield  was  about  1  gram. 

01606  gave  04216  COj  and  0-0828  Ufi.     C=  71-59  ;  H  =  5-72. 
0-1596     „     0-4173  COj    „    00827  HgO.     0  =  7130  ;  H  =  575. 
^1^20^5  requires  0  =  71  59  ;  H  =  5*68  per  cent. 

The  foregoing  compound,  when  warmed  with  alcoholic  potassium 
hydroxide, yielded adesylpropionic acid (m.  p.  220°,  with  decomposition), 
which  was  identified  by  its  properties,  by  the  mixture  melting-point 
test,  and  by  analysis. 

0-1570  gave  04403  OOg  and  0-0859  HgO.     0  =  76-48 ;  H  =  607. 
OiyHigOg  requires  0  =  76-11 ;  H-5*97  per  cent 


B.  Reactions  of  1  :  Z-DimethylA  :  b-diphenyUl  :  4  :  btrihydroxycjcXo- 

pe7itanone(2)y 


C,H,-(;;(0H)-C(0H)(CH3) 


Semicarlxizone. — ^The  semicarbazone  of  dimethyldiphenyltrihydroxy- 
c^c/opentanone,  the  neutral  oxidation  product  of  a)3-dimethylanhydr- 
acetonebenzil,  was  prepared  in  the  cold  by  the  method  already 
described.  It  crystallised  from  alcohol  in  slender  needles,  melting 
very  indefinitely  between  165°  and  180°  with  decomposition. 

01589  gave  16-2  c.c.  moist  nitrogen  at  16°  and  748  mm.   N- 11-69. 
^20^28^4^8  requires  N  —  11  38  per  cent. 

Action  qf  Hydroocylamine. — An  alcoholic  solution  of  1  gram  of 
dimethyldiphenyltrihydroxyc^c^pentanone  was  mixed  with  a  concen- 
trated aqueous  solution  of  0-66  gram  (3  mols.)  of  hydrozylamine 
bydroohloridei  and  0-5  gram  of  finely  powdered  anhydrous  sodium* 
carbonate  was  added.  The  mixture  was  allowed  to  stand  for  9  days 
in  the  cold.  The  solution  was  then  filtered  from  the  precipitate  of 
sodium  chloride  and  diluted  with  water  until  a  turbidity  was  produced. 
On  standing,  the  liquid  deposited  crystals  of  a  substance  which,  after 
recrystallisation  from  a  mixture  of    ether  and  light  petroleum,  waa^ 
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ObUuiitHj    til     inuiiUn''    «.ii    tnutiiuic   uuviitiu,    liit'iltn^     wiiti    liucuiii^KjniCiuii 

at  185^ 

AnaljtU  gave  figures  pointing  to  the  formula  Cj^Hj^O^Ni. 

01910  gave  0*4400  CX),  and  0  1159  HjO.     0-62*82;  H-6  74. 
0*2308  gave  14*8  cc  moist  nitrogen  at  15^  and  752  mm.     N  -  7*76. 
Cj^Hj^OjN,  requires  C  -  63*33  ;  H  -  6*66  ;  N  - 7*77  per  cent. 

The  compound  is  formed  according  to  the  equation 

C^H^O,   +   2NH,-0H   -  C^Hj^OsN,   +    H,0, 

only  one  mol.  of  water  being  eliminated.  Probably  the  c^c^pentane 
ring  opens  in  the  process ;  but,  even  then,  it  is  difficult  to  reconcile 
the  constitution  of  a  dimethjldiphenyltrihydroxycyc/opentanone,  which 
we  ascribe  to  the  compound  CJ9H20O4,  with  the  formation  of  this 
liydroxylamine  derivative. 

The  foregoing  experiment  was  repeated,  substituting  potassium 
acetate  for  sodium  carbonate,  but  only  an  unnrystallisable  gum  was 
obtained. 

AtUmpt  to  Oxidise  DifMthyldiphenyltrihydroxycyc\ope'ntanon»  by 
meam  of  Chromium  Trioxide  to  Acelomelhyldiphenyloxidobutyrie  Acid. — 
We  record  this  negative  result  because  it  is  of  importance  as  showing 
that  dimethyldiphenyltribydroxycyc^pentanone  is  not  an  intermediate 
product  in  the  oxidation  of  a^-dimetbylanhydracetonebenzil  to  aceto- 
methyldiphenyloXidobutyric  acid  {v.  iupra). 

The  cye^opentanone  derivative  and  the  chromium  trioxide,  dissolved 
in  glacial  acetic  acid,  were  in  one  case  allowed  to  stand  in  the  cold  for 
a  fortnight  and,  in  another,  warmed  on  the  water-bath  for  10  minutes. 
In  the  first  case  there  was  no  action  at  all ;  in  the  second,  a  little 
bensoic  acid  was  formed,  but  the  greater  part  of  i,he  c^c/opentanone 
derivative  was  recovered  unchanged. 

Action  of  Uydriodic  Acid. — Five  grams  of  dimethyldiphenyltri- 
hydrozjcye/bpentanone  were  boiled  with  excess  of  fuming  hydriodic 
acid  for  2  minutes.  The  product  was  dissolved  in  ether  and  success- 
ively treated  with  sulphurous  acid  and  sodium  ^carbonate  solution. 
The  latter  removed  an  acid — the  chief  product  of  the  reaction — which 
rystallised  from  alcohol  in  flat,  lustrous,  prismatic  needles  melting  at 
-15—216°.     (Yield  :  2*6  grams.) 

Analysis  gave  figures  agreeing  with  the  formula  CjgUjgOf 

0*1605  gave  0  4801  CO/and  0*0974  H,0.     0-81*58  ;  H«6*74. 
01472  gave  0  4406  CO,  and  00884  HjO.     0« 81*63;  H  =  6  67. 
CigHijO,  requires  C- 82  01  ;  H-647  per  cent. 

The  acid  is  formed  according  to  the  equation 

^i9^J^4   +   2H   -   Ci,U„0,   +    2H,0. 
VOU   LXXXIIL  Y 
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The  silver  salt  waa  obtained  as  a  white  precipitate  by  adding  silver 
nitrate  to  the  ammonium  salt. 

0-4611  gave  01268  Ag.      Ag« 27-49. 

C^jHjyOj  Ag  requires  Ag  =« 2802  per  cent. 

A  solution  of  the  acid  in  sodium  carbonate  is  stable  towards  per- 
manganate in  the  cold. 

A  solution  of  the  acid  in  glacial  acetic  acid  decolorised  a  solution 
of  bromine  in  the  same  solvent.  The  weight  of  the  additive  com- 
pound obtained  from  2  grams  of  acid  was  3  grams,  showing  that  a 
dihromide  had  been  formed.  The  dibromide,  recrystallised  from  a 
mixture  of  ether  and  light  petroleum,  melted,  with  decomposition, 
at  114°;  but  as  it  turned  yellow  when  we  attempted  to  purify  it,  and 
was  evidently  decomposing,  we  did  not  attempt  to  analyse  it. 

On  warming  a  solution  of  the  acid  in  potassium  carbonate  with 
potassium  hypobromite,  a  small  quantity  of  an  uncrystallisable  neutral 
compound  was  formed  ;  but  the  greater  part  of  the  acid  was  recovered 
unchanged. 

Sodium  in  boiling  alcohol  is  without  action  on  the  acid  )  neither 
did  boiling  for  4  hours  with  hydriodic  acid  and  amorphous  phosphorus 
alter  it.  By  heating  it  however  with  this  mixture  at  150°  for  8 
hourf,  a  neutral  substance  and  an  acid  were  obtained,  neither  of 
which,  however,  could  be  induced  to  crystallise. 

The  formula  of  an  acid,  CjgHjgOj,  formed  from  dimethyldiphenyl- 
trihydroxycyc/opentanone,  may  be  resolved  into 
C,H(CoH5)2(CH3)2-COoH. 
If  the  unresolved  group  C^  is  an  open  chain,  it  must  contain  either 
one  set  of  triple  bonds,  or  two  sets  of  double  bonds,  neither  of  which 
constitutions  would  be  in  harmony  with  the  stability  of  the  acid 
towards  both  reducing  and  oxidising  agents,  especially  towards  per- 
manganate. It  is  more  probable,  therefore,  that  this  C^  is  a  cyclo- 
butene  group ;  and,  on  this  assumption,  a  possible  constitution  for 

the  acid  would  be     "    °  U  V    JJ^      ^    .     It  would  be  necessary  to 

assume  that  the  pentacarbon  ring  of  dtmethyldiphenyltrihydroxy' 
cye^opentanone  opens,  and  then  closes  again,  forming  a  tetracarbon 
ring.  The  formula  would  account  for  the  stability  of  the  aoid 
towards  permanganate,  as  there  is  no  hydrogen  attached  to  the 
doubly-linked  carbon  atoms  (compare  Trans.,  1897,  71,  129),  and  also 
for  the  formation  of  a  dibromide. 

The  original  ethereal  solution  of  the  crude  reduction  product,  from 
which  the  foregoing  acid  had  been  removed  by  sodium  carbonate,  left) 
on  evaporation,  a  crystalline  residue,  which,  by  treatment  with  alco^* 
hoi,  was  separated  into  the  two  following  substances : 
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1.  NeediM  (0*3  gram),  meltiog  at  175^  and  showing  itraight  •ztino- 
lion  in  poUriMd  light.  On  atttmpting  to  reerjstalliie  the  luhstanee 
from  aloohol,  benaene,  or  ether,  it  was  deposited  in  a  pulverulent 
form.  It  appears  to  be  identical  with  the  compound  Oj^Hi^Oj  (m.  p. 
173°)  obtained  by  the  action  of  acetic  ai '  '     with  the  addition  of 

a  few  drops  of  sulphuric  acid,  on  dim<  ^  ^  nenyitribydroxycyc/^ 
[lentabone  (v.  u^ra).  Mixed  with  a  little  of  the  compound  OigHj^O,, 
it  still  melted  at  175^.  The  low  melting  point  of  the  present  prepar- 
ation IB  due  to  the  fact  that  there  was  not  sufficient  substance  for 
compute  purification. 

3.  Pour-,  six-,  or  eight-sided  Umioaa  (0*6  gram),  which,  on  recrys- 
tallifation,  melted  at  122^.  This  substance  was  proved,  by  the  mix- 
ture melting-point  teet,  to  be  identical  with  dimetht/ldiphenylcyclo- 

l*"*******^  n*«*  M  ^«i^!!'t><^0  (obtained  by  the  reduction  of  ajS-di- 
CgUj*C*Ocl(CU|) 

methylanhydracetonebenzil  with  hydriodic  acid,  and  to  be  described, 

along  with  its  derivatives,  in  a  subsequent  communication).     Analysis 

confirmed  this  result. 

01559  gave  0*4953  CO,  and  00969  H,0.     C  -  8664  ;  H  -  6-90. 
CijH„0  requires  C-8702  ;  H-6-87  per  cent. 

Actioji  of  Aoetie  Anhydride, — Five  grams  of  finely  powdered  di- 
methyldiphenyltrihydroxycyc/opentanone  were  added  to  a  mixture  of 
8  c.c.  of  acetic  anhydride  and  2  drops  of  concentrated  sulphuric  acid. 
*The  substance  rapidly  dissolved,  the  temperature  rising  and  the  solu- 
tion becoming  dark*coloured.  On  standing,  the  solution  deposited 
thick  prisms ;  the  liquid  was  poured  off  from  the  crystals  and  mixed 
with  water.  Both  the  crystals  and  the  precipitated  solid  yielded,  on 
recrystallisation  from  alcohol,  long  needles  showing  straight  extinction 
in  polarised  light  and  melting  at  178°.  The  substance  usually  crys- 
tallises well  from  alcohol,  ether,  benzene  or  light  petroleum,  but  is 
sometimes  deposited  in  a  pulverulent  form.     (Yield  2*9  grams.) 

01640  gave  04976  CO,  and  0*0878  H,0.     C  -  8274 ;  H  -  5-94. 
0-1569     „     0-4758  CO,    „    00834  H,0.     0-8270;  H«5-90» 
^19^1  A  requires  C  -  82  61 ;  H  «  680  per  cent. 

Warmed  with  alcoholic  potassium  hydroxide,  the  foregoing  com« 
pound  yields  an  acid  ]  but  the  yield  is  very  poor,  and  the  chief  pro- 
duct is  a  dark-coloured  amorphous  mass.  The  reaction  was  not 
further  studied. 

Action  of  Poiattium  Hydroxide. — Five  grams  of  dimethyldiphenyl- 
trihydroxycyofopentanone  were  dissolved  in  50  c.c.  of  cold  5  per  cent, 
alcoholic  potassium  hydroxide,  and  the  solution,  which  was  yellow, 
was  allowed  to  remain  at  the  ordinary  temperature  for  20  minutes, 

T  2 
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alter  wiiicii  iL  was  diluted  with  water.  The  solution,  which  remained 
clear,  was  then  saturated  with  carbon  dioxide ;  this  precipitated  a 
viscid  substance  which  was  removed  with  ether ;  and  the  remaining 
aqueous  solution  gave,  on  acidifying  with  hydrochloric  acid,  no  further 
precipitate.  The  ethereal  solution,  when  concentrated,  deposited  a 
solid  substance  ;  this  was  powdered,  filtered,  and  washed  with  a  mixture 
of  ether  and  light  petroleum  to  remove  oil  and  a  pink  colouring 
matter;  and  the  residue,  which  weighed  4  grams,  was  recrystallised 
from  methyl  alcohol.  It  crystallised  in  colourless,  large,  flat,  six- 
sided  prisms.  Usually  hollow  ;  also  in  large  tabular  crystals  like  flat 
octahedra.  Both  forms  melted  at  89 — 90°.  Analysis  showed  that 
the  substance  had  the  formula  CjgHjgO,,  having  been  formed  from 
dimethyldiphenyltrihydroxycyc/opentanone  by  abstraction  of  a  molecule 
of  water. 

0-1563  gave  04428  CO2  and  00864  Bfi.     C  =  7726  ;  H  =  614. 
CjoHjgOg  requires  C  =  77-55 ;  H  =  612  per  cent. 

By  allowing  the  solution  of  dimethyldiphenyltrihydroxycyc/o- 
pentanone  in  alcoholic  potassium  hydroxide  to  remain  for  several  days, 
and  then  evaporating  off  the  alcohol  in  a  vacuum  desiccator  over 
sulphuric  acid,  the  compound  CjgHjgOg  (m.p.  89 — 90°),  which  is  formed 
in  the  first  instance,  is  decomposed,  and  ethyl  phenyl  ketone  and 
potassium  benzoate  are  obtained  in  its  place.  This  decomposition  is, 
however,  better  effected  with  the  aid  of  boiling  aqueous  potassium 
hydroxide  {v.  infra). 

By  oxidising  the  compound  CigH^gOg  (m.p.  89 — 90°),  with  chromium 
trioxide  in  acetic  acid  solution,  benzoic  acid  and  an  oil  smelling  of  ethyl 
phenyl  ketone  were  also  obtained. 

One  gram  of  the  compound  CjgHjgOg  (m.p.  89 — 90°)  was  boiled  with 
fuming  hydriodic  acid  for  5  minutes.  The  product,  treated  in  the 
usual  way,  yielded  a  compound  crystallising  from  ether  or  alcohol  in 
oblique  tables,  usually  with  one  of  the  corners  truncated,  melting  at 
144*5°.  It  is  not  affected  by  alcoholic  potassium  hydroxide  even 
when  heated  with  it  on  the  water-bath  for  4  hours.  Analysis  showed 
that  it  had  been  formed  according  to  the  equation 

C„H„0,         -         H,0        -         C„H„0, 

Compound  Coin{K>und 

nj.p.  89—90'.  m.p.  144 'S'. 

the  hydriodic  acid  having  had  a  dehydrating,  not  a  reducing,  action. 

01586  gave  0-4791  CO,  and  00830  H,0.     C- 82-88 ;  H-5'81. 

0-1585    „     0-4793  CO,    „    0  0832  H,0.     C- 82-47 ;  H- 5-83. 

C^^HjoO,  requires  C«  82-61  ;  H-5'80  per  cent 


MITHYL   IIOlCOLOOUn  Or  ANHYDRACBTONKRENZII*.         305 

In  order  to  study  the  more  exhauiitive  Action  of  potaMJum  hjdr- 
on  dimeilijldiphenyltrihydrozyeyofopentaDone,  6  grami  of  thia 
•abetanoe  were  heated  in  a  distilling  flask  with  a  dilute  aqueous  solu- 
tion of  6  grams  of  potassium  hydroxide.  Drops  of  a  clear  oil  passed 
over  with  the  aqueous  distillate.  As  soon  as  the  oil  ceased  to  distil 
over,  the  proeees  was  interrupted.  The  solution  remaining  in  the  dis- 
tilling flask  contained  a  crystalline  matter  in  suspension ;  this  was 
eoUected  and  purifled  by  recrystallisation,  first  fi^om  a  mixture  of 
beniene  and  light  petroleum,  afterwards  from  alcohol.  It  formed 
oblique  tables,  sometimes  with  the  acute  corners  truncated,  and  melted 
at  144*5®.  It  was  identical  with  the  compound  Cj^Hj^Oj,  just  described, 
as  was  proved  both  by  the  mixture  melting-point  test  and  by  analysis. 

01789  gave  05387  CX),  and  00952  H,0.     C- 82-12;  H-5-91. 
Ci^HigO,  requires  C=«  82-61  ;  H-5-80. 

The  yield  of  this  substance  was  small. 

On  acidifying  the  alkaline  filtrate  a  considerable  quantity  of  heTizoio 
add  was  precipitated. 

The  oil,  above  referred  to,  was  extracted  from  the  aqueous  distillate 
with  ether,  the  ethereal  solution  was  dried  with  calcium  chloride,  and, 
after  expelling  the  ether,  the  oil  was  distilled  under  reduced  pressure. 
It  proved  to  be  ethyl  phmiyl  ketone.  Placed  in  a  refrigerator  it  solidified 
to  a  mass  of  crystals  which  melted  at  17°.  A  specimen  of  ethyl 
phenyl  ketone,  obtained  from  Kahlbaum  and  further  purified  by  distil- 
lation under  reduced  pressure,  was  cooled  with  water  and  then  touched 
with  a  crystal  of  the  foregoing  substance.  It  crystallised  instantly, 
and  the  crystals  melted  at  18°.  A  mixture  of  the  two  specimens 
melted  also  at  18°.  Analysis  of  the  substance  obtained  in  the 
present  reaction  gave  figures  agreeing  with  the  formula  of  ethyl  phenyl 
ketone. 

01710  gave  0-5047  CO,  and  01158  H,0.     0-8049;  H-7-52. 
CgHjoO  requires  0  =  80*60 ;  H  -  7-46. 

In  the  action  of  hot  aqueous  potassium  hydroxide  on  dimethyl- 
diphenyltrihydroxycye^pentanone  there  are  evidently  two  reactions : 
one  in  which  the  compound  Oj^Hj^O,  is  formed  from  the  whole  mole- 
cule by  abstraction  of  two  mola  of  water,  this  compound,  when  once 
formed,  being  quite  stable  towards  potassium  hydroxide ;  and  another 
in  which  the  molecule  of  the  original  substance  is  broken  up,  yielding 
benzoic  acid  and  ethyl  phenyl  ketone.  It  is  probable  that  one  of 
the  primary  products  of  hydrolysis  is  a-benzoyl propionic  acid 
C5H5'0O-CH(CH,)*0OjH,  as  may  be  seen  by  inspection  of  the  con- 
stitutional formula  of  dimethyldiphenyltrihydroxycyc^pentanone ;  and 
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that  this  )9.ketonic  acid  then  parts  with  carbon  dioxide,  yielding 
ethyl  phenyl  ketone  ;  but  even  a-benzoylpropionic  acid  and  benzoic 
acid  together  would  not  account  for  more  than  17  out  of  the  19  carbon 
atoms  of  the  original  compound.  Wo  were,  however,  unable  to  discover 
any  further  product  of  decomposition. 


IV,   )8)5-DlMETnYLANnVDBACETONEBENZIL, 

Oxidation  of  P^-Dimethylanliydraoetonehenzil  with  Chromium  Trioxide, 

Twenty  grams  of  finely  powdered  )9/3-dimethylanhydracetonebenzil 
were  suspended  in  70  c.c.  of  glacial  acetic  acid,  and  a  solution  of  30 
grams  of  chromium  trioxide  in  the  same  solvent  was  gradually  added, 
the  mixture  being  cooled  with  water  during  the  process.  The  sus- 
pended substance  went  into  solution  during  the  addition  of  the  chrom 
ium  trioxide  ;  but  in  the  course  of  a  few  hours  a  large  quantity  of  a 
crystalline  deposit  had  formed.  After  standing  overnight  the  mixture 
was  filtered,  and  the  solid  was  washed,  first  with  glacial  acetic  acid 
and  then  with  water.  The  product  is  almost  white.  A  further 
quantity  can  be  obtained  by  precipitating  the  acetic  acid  filtrate  with 
water  and  extracting  with  ether.  The  substance  obtained  by  these 
processes  was  dissolved  in  potassium  carbonate,  and  the  solution  was 
filtered  from  unaltered  substance.  The  filtrate  was  then  warmed  for 
several  hours  on  the  water-bath,  filtered  from  chromium  compounds, 
and  acidified.  The  precipitated  acid  was  puriGed  by  reory stall isation 
from  a  mixture  of  ethyl  acetate  and  light  petroleum,  from  which  it  is 
deposited  in  sheaves  of  slender  needles.  (Yield  13 — 14  grams.)  The 
acid  appears  to  be  dimorphous  :  when  freshly  crystallised  it  melts  with 
decomposition  at  171° ;  but  after  the  substance  has  stood  for  several 
weeks,  the  melting  point  is  found  to  have  risen  to  184°.  Analysis 
gave  figures  agreeing  with  the  formula  of  aa-diinethyl-a  P-diphtnyl- 

C,U,-Cs-CO,H 
a'Poxidofflutaric   acid,  I  yO 

O.H,-6^C(0H3),-0O,H 

01620  gave  0*4147  CO,  and  00824  H,0.     0-69-81  ;  H-5*65. 

01681     „    0-4044  00,    „    0  0802  H,0.     0-69-76 ;  H-5-63. 

Oj^HjgOs  requires  0  -  69*93 ;  H  -  5*52  per  cent 

For  analysis  it  was  found  necessary  to  recrystallise  the  acid 
repeatedly  from  the  mixture  of  ethyl  acetate  and  light  petroleum, 
Otherwise  the  value  for  carbon  was  found  too  low. 
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The  mimr  mli  was  obtained  m  a  white  precipitate  on  adding  tilrer 
nitrate  to  a  •olation  of  ibe  ammomum  salt. 

0*3931  gare  0-lMl  Ag.    Ag-S9*70. 

Ci^Ui^O^Ag,  reqoiree  Ag  -  39-98  per  cent. 

Both  the  potassium  and  the  sodium  salts  are  sparingly  solublo  in 
waters 

The  acid  is  fairly  stable  towards  oxidising  agents  :  thus  its  solution 
in  sodium  carbonate  is  not  altered  by  warming  it  either  with  potassium 
permanganate,  or  with  potassium  hypobromite.  Warming  with  a 
solution  of  chromium  trioxide  in  acetic  acid  converts  it,  however,  into 
a  naatral  oompoond,  crystallising  from  a  mixture  of  ether  and  light 
peiroleom  in  needles  melting  at  99— 100^  which  has  not  yet  been 
further  investigated. 

AaioH  rf  Fkmtjfik^drazine  on  Dimethyldiphenyloocidoglutarxc  Acid : 

I  '8  gimms  of  the  acid  were  dissolved  in  a  little  alcohol  and  heated 
in  a  sealed  tnbe  at  100°  for  3  hours  with  0*8  gram  phenylhydrazine. 
On  cooling,  colourless  plates  (1  gram)  separated,  and  a  further  quan- 
tity was  obtained  from  the  mother  liquor  on  acidifying  with  acetic 
acid  and  diluting  with  water.  The  compound  crystallises  from  ether 
or  alcohol  in  large,  colourless,  six-  or  eight-sided  plates,  melting,  with- 
out decomposition,  at  182°.  Analysis  gave  figures  agreeing  with  the 
formula  C^^fl^fi^y. 

01559  gave  0-4300  CO,  and  00776  H^O.     C  =  75  22 ;  H  =  553. 
0*1849     „     11*6  c.c.  moist  nitrogen  at  16°  and  757  mm.    N  =  7-28. 
C^jH^jOjN,  requires  C  =  75 -37;  H  =  5-52;  N  =  7  03  per  cent. 

The  compound  is  insoluble  in  sodium  carbonate,  but  if  evaporated 
to  dryness  with  alcoholic  potassium  hydroxide,  it  forms  a  salt  which 
is  soluble  in  water.  The  acid,  when  freshly  precipitated  from  this 
salt  by  dilute  sulphuric  acid,  is  soluble  in  sodium  carbonate ;  but,  on 
drying,  it  becomes  insoluble  in  the  carbonate  solution,  and,  when 
reerystallised  from  alcohol,  is  converted  into  the  plates  or  lamints  of 
the  foregoing  compound  C^^H^^O^N,,  melting  at  182°.  The  substance 
was  farther  identified  by  the  mixture  melting-point  test. 

The  y-hkctone  ring  thus  opens  under  the  influence  of  the  caustic 
alkali,  and  a  salt  of  the  corresponding  acid  is  formed  ;  but  the  liberated 
acid  is  unstable  and  readi^  passes  back  into  the  lactone. 

Action   qf  Heat   on  Dimetht/ldiphenylcxidogltUarie  Acid :  Formation 

C,Hj-C^- CO 

of  its  Anhydride f  I  /O  ^. — In  order  to  ascertain  the 

CeHj-C^qCH,),CO/ 
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nature  of  the  decomposition  which  dimethyldiphenyloxidoglutaric  acid 
underwent  when  heated,  2  grams  of  the  substance  were  distilled  at  a 
pressure  of  about  12  mm.  When  the  temperature  of  the  oil-bath 
was  230 — 240°,  the  product  of  the  action  of  heat  distilled  over, 
solidifying  in  the  receiver.  By  recrystallisation  from  a  mixture  of 
benzene  and  light  petroleum  it  was  obtained  in  slender  needles  melting 
at  158°.  Analysis  showed  that  it  had  been  formed  from  the  acid  by 
abstraction  of  a  molecule  of  water  : 

0-1636  gave  04160  COg  and  00731  Kfi,     0  =  7386  ;  H  =  5-28. 
0-1645     „     0-4446  COg    „    00774  HgO.     0  =  7371 ;  H  =  5-22. 
OigHjgO^  requires  0  =  7402  ;  H  =  519  per  cent. 

It  is  insoluble  in  hot  aqueous  sodium  hydroxide  ;  but,  by  evaporating 
its  solution  in  alcoholic  potassium  hydroxide  to  dryness,  a  residue  was 
obtained  which  dissolved  completely  in  water.  On  acidifying  the 
solution,  dimethi/ldiphenyloocidoglutaric  acid  was  obtained,  which  was 
identified  both  by  its  physical  properties  and  by  the  mixture  melting- 
point  test.  The  compound  OjgHjgO^  is  therefore,  as  above  formulated, 
the  anhydride  of  this  acid. 

Action  of  Acetic  Anhydride  on  Dimethyldiphenyloxidoglutaric  Acid '. 
Formation  of  Dimethyldiphenyloxidoglutaric  Anhydride. — One  gram  of 
the  acid  was  dissolved  in  the  cold  in  15  c.c.  of  acetic  anhydride  to 
which  4  drops  of  concentrated  sulphuric  acid  had  been  added.  In  a 
short  time  hair-like  needles  separated,  which  melted  at  158°.  The 
mother  liquor,  on  dilution  with  water,  gave  a  precipitate  of  the 
same  substance,  which,  after  crystallisation  from  a  mixture  of  benzene 
and  light  petroleum,  showed  the  same  melting  point.  It  was  identical 
with  the  foregoing  anhydride  obtained  by  the  action  of  heat  on  the 
acid,  as  was  further  proved  by  the  mixture  melting-point  test. 

Action  of  Hot  Dilute  Sulphuric  Acid  on  Dimethyldiphenyloxidoglutaric 
Acid:  Formation  qf  Dimethyldiphenyloxidoglutaric  Anhydride,  a-DesyU 

o 

fhtnyl'^^erotolactone,      *  /  U       X/ntx  \  -—One   gram   of   dimethyl- 

diphenylozidoglutaric  acid  was  boiled  for  an  hour  with  dilute  sulphuric 
acid  (1:1).  On  dissolving  the  product  in  ether  and  extracting  with 
todiam  carbonate,  a  small  quantity  of  an  acid  was  obtained,  which, 
after  crystallipalion  from  alcohol,  melted  at  218°  with  decomposition. 
(It  was  afterwards  shown  to  be  a-d^tyliwiimtyrie  acid,)  The  neutral 
part  was  dissolved  in  bensene,  and  light  petroleum  was  added :  slender 
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DMdlM  wn%  d^ptmi&d,  melting  at  158^  {dim4tkjfldiphm%^hmJogtuktrio 
onAyirvlf).  Tli«  mother  liquor  yielded  rhombs  meltiDg  at  105 — 106^ 
FSv<e  grams  of  dimethjloxidoglutaric  acid  were  then  boiled  with 
.liluio  sulphuric  acid  (1:1)  for  6  hours.  This  time  none  of  the 
ii  i'vdride  was  obtained:  the  product  yielded  0*2  grams  of  a-desyliso- 
butyric  acid  (m.  p.  218^)  and  3*5  grams  of  the  neutral  compound 
crystallising  in  rhombs  (m.  p.  105—106°).  The  latter  substance 
crystallises  well  from  alcohol,  or  from  a  mixture  of  benzene  and  light 
petroleum.  On  analysis  it  gave  figures  agreeing  with  those  required 
for  d%m$tk^diphmjflerotolaclon4 : 

01582  gave  04746  00,  and  00873  HjO.     C-81-81  ;  H-613. 
CjgHjjO,  requires  C-  81*81 ;  H  -  606  per  cent. 

Aetiam  <^  Alcoholic  Fotagnum  Hydroxide  on  DirMthyldiphenylcroto- 
lackm$:  Fanmaiion  of  a-Duylisobutyric  Acid. — Two  grams  of  the 
foregoing  dimethyldiphenylcrotolactone  (m.  p.  105—106'^)  were  heated 
on  the  water-bath  with  excess  of  5  per  cent,  alcoholic  potassium 
hydroxide  until  the  alcohol  was  expelled.  The  residue  dissolved 
completely  in  water,  and,  on  acidifying,  an  acid  was  obtained  which, 
after  recrystallisation  from  alcohol,  formed  flat  needles  melting  at 
218°  with  decomposition.  It  was  identical  with  the  acid  of  the  same 
melting  point  obtained  in  small  quantity  by  boiling  dimethyldipbenyl- 
oxidoglataric  acid  with  dilute  sulphuric  acid.  Analysis  showed  that, 
in  the  present  reaction,  it  had  been  formed  from  dimethyldiphenyl- 
crotolactone by  assumption  of  the  elements  of  a  molecule  of  water. 
It  thus  has  the  composition  of  a-deaylisobtUyric  acid, 

01555  gave  0  4349  CO,  and  00918  H,0.     0-76*27  ;  H-6*55. 
CigHjgO,  requires  C  «  76*59 ;  H  =  6*38  per  cent. 

As  the  acid  did  not  dissolve  well  in  dilute  ammonia,  it  was  boiled 
with  a  solution  of  sodium  carbonate,  keeping  the  acid  in  excess.  On 
adding  silver  nitrate  to  the  filtered  solution  the  tilver  salt  was 
obtained  as  a  white  precipitate. 

0-4901  gave  0*1352  Ag.     Ag  -  27*58. 

CjgHjyOj  Ag  requires  Ag«  27*75  per  cent. 

Synthesis  of  a-De$yliaobtUyric  Acid. — In  order  to  prove  conclusively 
that  the  foregoing  acid  had  the  constitution  here  assigned  to  it, 
it  was  synthesised  by  the  following  reaction — an  application  of 
Knocvenagel's  process,  Ilready  referred  to,  for  the  preparation  of 
desyl-fatty  acids. 

1*2  grams  of  sodium  were  dissolved  in  12  grams  of  absolute 
alcohol.     The  solution  of    the  ethoxide  solidified   on   cooling.     Ten 
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grams  of  deoxybenzoin  were  then  added,  which  caused  the  mixture  to 
liquefy.  The  flask  was  then  cooled  with  ice,  and  10  grams  of  ethyl 
a-bromot«obutyrate  were  gradually  added.  The  mixture  was  allowed 
to  stand  for  3  hours  in  the  cold,  after  which  it  was  heated  on  the 
water-bath  for  a  few  minutes,  employing  a  reflux  condenser.  Excess 
of  10 — 15  per  cent,  aqueous  potassium  hydroxide  was  then  added, 
and  the  heating  was  continued  for  2  hours,  so  as  to  hydrolyse  the 
new  ester.  When  cool,  the  mixture  was  diluted  with  water  and 
extracted  with  ether  :  this  removed  3  grams  of  unchanged  deoxy- 
benzoin. The  aqueous  solution  was  acidified,  and  the  oily  precipitate 
was  separated  and  dissolved  in  ammonia.  The  filtered  ammoniacal 
solution,  on  acidifying,  gave  a  semi-solid  precipitate ;  by  recrystallisa- 
tion  from  alcohol  the  substance  was  obtained  in  flat  needles  melting, 
with  decomposition,  at  218°.  It  agreed  in  all  its  physical  properties 
with  the  acid  obtained  by  boiling  dimethyldiphenyloxidoglutaric  acid 
with  dilute  sulphuric  acid  and  by  the  action  of  potassium  hydroxide  on 
dimethyldiphenylcrotolactone,  and  the  identity  was  further  proved 
by  the  mixture  melting-point  test.  From  its  formation  in  the  present 
reaction  it  can  only  be  a-desT/liaobutyric  acid, 

C,H,-CO 

C,H5-(l!H-C(OHs),-C02H- 
Analysis  gave  figures  agreeing  with  this  formula. 

01595  gave  04474  CO3  and  00919  H^O.     0  =  7650;  H  =  6-40. 
CigHj^Og  requires  0  =  7659;  H  =  6-38  per  cent. 

The  yield  of  pure  substance  was  only  1*5  grams. 

Conversion  qf  a-Desyhaohuiyric  Acid  into  Dimethyldiphenylcroto- 
lactone, — 0*3  gram  of  the  acid,  obtained  by  hydrolysis  of  dimethyl- 
diphenylcrotolactone with  potassium  hydroxide,  was  dissolved  in  the 
oold  in  2*5  c.c.  of  acetic  anhydride  containing  1  drop  of  concen- 
trated sulphuric  acid,  and  the  mixture  was  allowed  to  stand  for  24 
hours.  It  was  then  poured  into  water,  and  the  crystalline  precipi- 
tate was  separated  by  filtration  and  dissolved  in  ether.  No  acid 
could  be  extracted  from  the  ethereal  solution  by  sodium  oarboDAte. 
The  neutral  substance  crystallised  in  rhombs  melting  at  105 — 106*^, 
and  was  identical  with  the  dimethyldipfienylcrotolactone  obtained  as 
already  described  from  dimethyldiphenyloxidoglutaric  acid,  a  result 
which  was  confirmed  by  the  mixture  melting-point  test. 

0-1688  gave  0-4762  00,  and  0-0880  H,0.    0-81-78  ;  H-615. 
CjgHioOj  requires  0-81-81  ;  H-606  per  cent. 

Aelion  qf  llydriodie  Acid  on  DimethyldiphenyloxidoglxUario  Add, — 
Two  grams  of  dimethyldiphenyloxidoglutaric  acid  were  boiled  for  2 
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minutM  with  ezoan  of  fuming  hydriodio  acid.  The  prodact  was  dia- 
aolrad  in  ether,  and  the  solution  was  treated  with  sulphurous  add 
and  extracted  with  sodium  carbonate  solution.  This  removed  1  gram 
of  a  mixture  of  acids,  which  was  separated  by  crystallisation  into 
unehaoged  acid  and  a-<iiiy<lso6«lyrtc  aeid  (m.  p.  218®).  The  latter 
gaTe,  on  analysis,  figures  agreeing  with  the  formula. 

01581  gave  04419  CO,  and  0-0910  11,0.     C-76-22  ;  H-6-39. 
0,gH„0,  requires  C - 76*59 ;  H - 638  per  cent. 

The  neutral  portion  of  the  product,  remaining  on  evaporation  of 

'  he  ethereal  solution,  was  crystallised  from  alcohol.      It  yielded  flat 

i-isBS  melting  at  106®  (see  the  following  experiment)  and  a  small 

nantity  of  lustrous,  six-  or  eight-sided  lamina  melting  at  96°.     We 

were  unable  to  identify  the  latter  substance. 

In  a  second  experiment  a  mixture  of  5  grams  of  dimethyldiphenyl- 
oxidoglutaric  acid,  75  grams  of  hydriodic  acid  (sp.  gr.  1  '7),  and  5 
grams  of  red  phosphorus,  was  boiled  for  3  hours,  using  a  reflux  con- 
denser. The  organic  product  was  treated  as  in  the  foregoing  experi- 
ment. Sodium  carbonate  extracted  from  the  ethereal  solution  an  acid 
which  was  deposited  from  alcohol  in  short  prisms  melting  at  172® 
(yield :  0'35  gram)  and  which  was  subsequently  shown  to  be  aa-di- 
msihyt-pY^iphenyUmtyric  aeid,  C«H5-CH,-CH(CeH5)-C(CH3)2-CO,H 
fv.  infira)  ;  but  neither  unchanged  acid,  nor  a-desyli«obutyric  acid  was 
:)served.  The  ethereal  solution,  thus  freed  from  acids,  deposited,  by 
spontaneous  evaporation,  short,  flat,  six-sided  prisms  melting  at  106° 
(see  preceding  experiment).  The  yield  of  this  substance  was  2*8  grams. 
Recrystallised  from  alcohol,  it  exhibited  dimorphism.  From  alcoholic 
soluttmis  of  the  impure  substance  it  separated  in  needles  melting  at 
110^,  but  from  pure  solutions  in  the  above  form  melting  at  106°.  If 
a  supersaturated  solution  of  the  pure  substance  is  seeded  with  the 
needles,  both  forms  are  deposited.     The  substance  is  the  kteUms  of 

O 

aa-dimethylfiydiphmyl-y'hi/droxt/butyric      acid,      q^^^.^h-^qH  ) 

(l  :l-dim^l/l-2:Z'diphenylinat/rol<tcione)f  Bind    had  been    formed    by 
the  reduction  of  a-desyli#obutyric  acid,  the  primary  product  of   the 
reaction.     (See  also  the  synthesis  of  this  lactone  described  later  on.) 
Analysis  gave  figures  afreeing  with  the  foregoing  formula. 

01656  gave  04924  CO,  and  01013  H,0.     C-8109;  H  =  6-79. 

01668     „     0-4962  CO,    „    01033  H,0.     C-8113 ;  H  =  6-88. 

CjgHjgO,  requires  C-81-30  ;  H-6-76  per  cent 


312      JAPP  AND  MICHIE  :   THE   OXIDATION   PRODUCTS  OF  THE 

In  another  experiment  the  alcoholic  mother  liquor  from  the  fore 
going  compound  deposited  eight-sided  rectangular  laminae  of  a 
neutral  substance  melting  at  145 — 150°,  which  we  were  unable  to 
identify. 

Half  a  gram  of  this  dimethyldiphenylbutyrolactone  was  warmed 
on  the  water-bath  with  an  excess  of  5  per  cent,  alcoholic  potassium 
hydroxide.  The  mixture  set  to  a  thick  paste.  The  substance  which 
remained  after  expelling  the  alcohol  dissolved  without  residue  in  cold 
water ;  but,  on  warming  the  solution,  a  crystalline  powder  separated. 
After  recrystallisation  from  alcohol,  it  formed  flat  prisms  melting  at 
106°.  It  was  identified  as  dimethyldiphenylbutyi'olactone  by  the 
mixture  melting-point  test. 

The  lactone  had  therefore  formed,  with  alcoholic  potash,  a  soluble 
salt  of  aoL-dimethyl-Pydiphenyly-hydroxyhutyric  acid, 

C,H,-CH(OH)-CH(C,H5)-C(CH,)j-C02H ; 
but  on  warming  the  aqueous  solution,  the  salt  had  been  hydrolysed 
and  the  resulting  acid  re-lactonised. 

Reduction  of  a-Besylisobutyric  Acid  with  Sodium  in  boiling 
Alcohol :  Formation  of  Dimethyldiphenylbutyrolactone. — The  constitu- 
tion of  the  foregoing  lactone  can  be  proved  by  preparing  it  from 
a-desyh'sobutyric  acid  by  reduction. 

1  '3  grams  of  a-desyh'sobutyric  acid  were  reduced  in  boiling  alcoholic 
solution  with  2*6  grams  of  sodium.  The  product  was  diluted  with 
water,  acidified  with  dilute  sulphuric  acid,  and  extracted  with  ether. 
Sodium  carbonate  removed  from  the  ether  a  small  quantity  of  an  acid 
which  crystallised  from  alcohol  in  slender  needles  melting  at  142^. 
(Not  identified.)  The  neutral  substance  remaining  after  evaporation 
of  the  ether  crystallised  from  ether  in  the  flat  prisms  of  dimethyl- 
dip/ienylbutyrolactone  melting  at  106°.  It  was  further  identified  by 
the  mixture  melting-point  test. 

deduction  of  Dimethyldiplienylbutyrolactone  witli  Hydriodio  Acid; 
Formation  of  aa- Dimethyl- ftydiphenylbiUyric  Acid^ 

C,H,-CH2-CH(C,H,)C(CH3),.CO,H. 
— Seven  grams  of  dimethyldiphenylbutyrolactone  (m.  p.  106°),  60 
grams  of  hydriodic  acid  (sp.  gr.  1*7),  and  2  grams  of  red  phosphorus 
were  heated  in  a  sealed  tube  at  150°  for  5  hours.  The  product  was 
purified  in  the  ordinary  way.  An  organic  acid  (yield  0*6  gram), 
crystallising  from  alcohol  in  Fhort  prisms  melting  at  172°,  was  ob- 
tained, whilst  5 '4  grams  of  unchanged  substance  were  recovered. 

In  the  second  experiment  the  mixture  was  heated  to  160 — 180°. 
A  quarter  of  the  substance  was  converted  into  the  acid  melting  at 
172°;  but  the  remainder  of  the  product  was  a  thick  neutral  oil.  It 
is  therefore  more  advantageous  to  conduct  the  reduction  at  150°. 
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Tbe  idd  melting  at  172**  gave  6gurM  agreeing  with  the  formula  of 

01M4  gaTe  0'487S  00,  and  0*1118  H,0.    0-8035  ;  U-7-51. 

01633    ,,    0-481100,    ^    01102  H,0.     0-80*39;  H- 7 50. 

0,gH,^0,  requires  0  -  80*59 ;  H  -  7*46  per  cent. 

The  iilver  salt  was  obtained  as  a  white  precipitate  bjr  adding  silver 
irate  to  a  solution  of  the  ammonium  salt.     The  value  for  silver  was 
found  somewhat  low. 

0-3939  gave  0*1 104  Ag.     Ag  -  28*09. 

OigHigO^Ag  requires  Ag- 28*78. 

(hddiUion  of  oa- Dimethyl- pydipfi  mylryhydroxyhutyric  Acid  to  a-Desyl- 
iSO^Mlyrtc  Acid, — Two  grams  of  dimethyMiphenjlbutyroIactone  were 
treated  with  excess  of  alcoholic  potassium  hydroxide  and  the  mixture 
evaporated  to  dryness  on  the  water- bath.  The  residue  was  dissolved 
in  cold  water,  and  a  solution  of  potassium  permanganate  was  added 
until  the  coloration  was  permanent.  The  liquid  was  filtered  from 
the  hydrated  manganese  oxides,  acidified,  and  extracted  with  ether. 
Dilute  sodium  carbonate  removed  from  the  ethereal  solution  0*4  gram 
of  an  add  which  crystallised  from  alcohol  in  fiat  needles  melting,  with 
decomposition,  at  218^  These  are  the  properties  of  adesylisobutyric 
acid.  The  substance  was  further  idoDtified  by  the  mixture  melting- 
point  test.  A  considerable  proportion  (1*3  gram)  of  dimctbyldiphenyl- 
butyrolactone  was  recovered  unchanged. 

On  analysis  the  acid  gave  figures  agreeing  with  those  required  for 
a-desyltsobutyric  acid. 

01582  gave  0*4430  COj  and  0*0917  H^O.     0  =  76*37  ;  H«6*44. 
CjgU jgO,  requires  0  -  76*59 ;  H  -  6*38  per  cent. 

The  foregoing  three  papers  form  a  continuation  of  a  general  investi- 
gation of  the  reactions  of  ketonic  compounds  (compare  Trans.,  1897, 
71,  123),  and  the  expenses  incidental  to  the  work  have  for  many 
years  past  been  in  great  part  defrayed  by  repeated  allotments  from 
the  Government  Grant  of  the  Royal  Stjciety. 

Cbkmical  Depactmkxt, 

Un!VBU»ity  of  Anr- ^- 
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XXX. — The  Estimation   of  Ethyl  Alcohol  in  Essences 
and  Medicinal  Preparations. 

By  Thomas  Edward  Thorpe  and  John  Holmes. 

The  e&timation  of  ordinary  alcohol  in  simple  mixtures  of  alcohol  and 
water  offers  no  experimental  difliculties.  A  determination  of  specific 
gravity  at  the  standard  temperature,  and  a  reference  to  a  table  of 
densities,  at  once  gives  the  percentage  amount  of  spirit  present. 

In  estimating  the  amount  of  spirit  in  medicinal  preparations,  such 
as  tinctures  of  aconite,  amies,  belladonna,  capsicum,  and  calumba,  these 
must  first  be  distilled,  as  the  extractive  matters  present  would 
"  obscure  "  the  true  percentage  of  alcohol  as  shown  by  the  relative 
density. 

On  account  of  the  high  vapour  pressure  of  ethyl  alcohol  and 
its  avidity  for  water,  the  distillation  of  a  strong  spirituous  liquid 
into  its  own  volume  so  as  to  obtain  an  accurate  determination  of 
the  amount  of  alcohol  present  in  the  liquid  becomes  practically 
impossible  with  the  apparatus  and  the  methods  of  distillation  commonly 
used.  It  is  practicable  to  distil  a  strong  spirituous  liquid  into  twice 
its  own  volume  with  the  rerjuisite  degree  of  accuracy,  but  distillation 
into  four  times  the  initial  volume  is  perfectly  easy,  and  the  results  are 
uniformly  accurate  to  within  the  degree  of  accuracy  permitted  by  the 
spirit  tables  used,  that  is  to  say,  if  100  cb.c.  of  25  per  cent,  alcohol  are 
distilled,  and  the  volume  of  the  distillate  made  up  to  100  cb.c,  the 
resulting  density  will  be  found  not  to  differ  more  than  0  00001  from 
the  original  density. 

The  methods  above  indicated  are  obviously  only  applicable  to 
preparations  yielding  distillates  free  from  essential  oils  and  other 
volatile  substances.  Hence  such  substances  must  be  removed  before 
the  spirit  can  be  estimated  with  any  approach  to  accuracy.  Included 
in  this  category  are  ether,  chloroform,  benzaldehyde,  camphor,  santal 
oil,  castor  oil,  ethyl  and  amyl  acetates  and  butyrates,  and  the  essential 
oils  of  lemon,  rosemary,  juniper,  celery,  cloves  and  peppermint. 

In  such  cases  the  method  of  treatment  in  use  in  the  Government 
Laboratory  and  which  has  been  found  to  be  of  very  general  applica'^ 
bility  is  as  follows  : 

25  cbic.  of  the  sample,  measured  at  60"^  F.  {l^'b'^  C),  are  mixed  with 
water  in  a  separator  to  a  bulk  of  from  100  to  150  cb.c,  and  common 
■alt  is  added  in  sufficient  quantity  to  saturate  the  liquid.  The 
mixture  is  now  shaken  vigorously  for  5  minutes  with  from  50  to  80 
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cYkc  of  li|(ht  petroleum,  boiling  below  60^  0.,  and  after  itanding  for 
about  half  ao  hour,  the  lower  layer  is  drawn  off  into  another  separator, 
extneted  if  neoeeaarj  a  second  time  with  petroleum  and  then  drawn 
off  into  a  distilUtion  flask.  Meanwhile  the  petroleum  layers  are 
washed  aaooessively  with  25  cb.c.  of  saturated  common  salt  solution, 
and  tiM  wathings  added  to  the  main  bulk,  which  in  neutralised  if 
neeeassaj,  and  then  distilled  and  the  distillate  made  up  to  100  cb.o. 

That  the  whole  of  the  alcohol  which  may  be  present  can  be  re- 
ooTered  by  this  treatment  has  been  proved  by  direct  experiment  with 
known  Tolumes  of  spirit  of  known  strength. 

It  has  been  found  that  the  alcohol  in  25  cb.c.  of  strong  spirit  when 
diluted  with  water  even  to  the  extent  of  500  cb.c.  and  the  solution 
saturated  with  common  salt,  can  be  entirely  recovered  in  the  first 
100  cb.e.  of  the  distillate. 

The  reeolte  thus  obtained  require  a  small  correction  from  the 
circumstanoe  that^  as  the  alcohol  present  is  distilled  into  four  times  its 
initial  volume,  the  errors  of  the  spirit  tables  are  necessarily  quad- 
rupled. 

The  magnitude  of  the  error  can,  however,  be  readily  ascertained, 
once  for  all,  by  diluting  quantities  of  25  cb.c.  of  spirit  of  known  but  of 
varying  strength  to  100  cb.c.  and  determining  the  sp.  gr.  of  the  diluted 
spirit.  There  is  practically  no  error  due  to  distillation.  The  same 
results  are  obtained  by  simple  dilution  as  by  distillation  into  quadruple 
bulk. 

A  series  of  concurrent  observations  were  made  in  the  case  of 
alcoholic  mixtures  of  strengths  varying  between  160  and  88  per  cent.- 
proof  spirit,  and  from  the  results  of  these  the  mean  error  of  the 
tables  at  below  40  per  cent,  proof  (say  0972  sp.  gr.),  which  is  the 
particular  section  of  the  tables  which  is  mainly  used,  may  be  set  down 
as  +  0*2  per  cent,  of  proof  spirit,  and  hence  the  observed  deter- 
minations of  spirit  require  a  subtractive  correction  of  0*8  per  cent. 

The  method,  as  described,  is  applicable  to  preparations  containing 
chloroform,  ether,  bensaldehyde  and  compound  ethers.  In  the  greater 
number  of  other  eases,  for  example,  essences  of  lemon,  juniper, 
{peppermint  and  santal  oil  preparations,  it  will  be  found  that  a  single 
extraction  with  petroleum  is  sufficient. 

The.  same  method  may  be  applied  to  distillates  which  unexpectedly 
contain  oily  matter,  or  which  have  been  obtained  intermediately  in 
order  to  facilitate  subsequent  extraction,  as  in  the  case  of  Liq.  P{ei$» 
Carb.  B,  P. 

In  the  case  of  all  preparations  containing  camphor,  25  cb.c.  of  normal 
sulphuric  acid  solution  are  used  instead  of  common  salt,  and  a  single 
extraction  with  petroleum  is  made»     Before  distilling,  it  is  desirable 
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to  neutralise  the  sulphuric  acid  with  caustic  soda,  and  if  by  any 
chance  the  volume  of  the  liquid  becomes  inconvenieotly  large,  some 
common  salt  is  also  added.  But  in  preparations  containing  ammonia 
this  is  inadmissible,  and  the  liquid  to  be  distilled  must  be  slightly 
acid. 

This  process  has  been  in  use  in  the  Government  Laboratory  for 
some  time  past,  and  many  thousands  of  samples  containing  a  great 
variety  of  essential  oils  and  other  substances,  have  been  tested  by 
means  of  it. 

The  following  results  obtained  on  preparations  actually  made  in  the 
laboratory  and  containing  known  quantities  of  ethyl  alcohol,  are 
adduced  as  evidence  of  the  accuracy  and  general  applicability  of  the 
method : 


Alcoholic  strength  of 
preparation,  calculated. 

Alcoholic  strength 
found. 

Rectified  spirit  containing 

Volume  of 
alcohol  in 
100  cb.c. 

Percentage 
of  proof 
bpirit. 

Volume  of 
alcohol  in 
100  cb.c. 

Percentage 

of  proof 

spirit 

20  ner  cent.  cth\l  acetate    

cb.e. 
72-8 
72-4 
63-5 
63-5 
81-7 
81-9 
81-6 
81-9 
81-2 
82  0 
86-4 
72-8 

127-6 
127  0 
111-4 
111-4 
143-3 
143-5 
143  0 
143-6 
142-3 
143-8 
161-6 
127  6 

cb.c. 
72-6 
72-5 
6i-4 
63-4 
81*4 
821 

81  4 
81-4 
810 
81-6 
86-3 
72  2 

02  7 
66 -6 
66  9 

82  2 

127-8 

20         .          an)vl  ncetiite    

127-1 

30        „         ethyl  ether,  B.  P 

80        ,,         cliloroform,  B.  P 

10        „         camphor,  B.  P 

10        ,,         lemon  oil 

111-1 
111-2 
142-7 
143  9 

10        ,,        rosemary  oil,  B.  P 

10        ,,         benzaldehyde  

142-7 
142-7 

10        ,,         santal  oil 

142  0 

10        ,,        peppermint  oil,  B.  P.... 

6        „        juniper  oil,  B.  P 

20        ..         fusel  oil     

1430 
161-2 
126-5 

IA.t,  mponit,  B.  P.  

62*5 

66-5 
66-8 
82-4 

109-5 

97  3 

117-1 

144-4 

109  9 

Tr.  ehlor.  and  morph.  co.,  B.  P 

Lin  $inttpi»t  B.  P 

97-2 
117  8 

Liq.  picM.  carb.,  B.  P 

144  0 

As  evidence  of  the  degree  of  variation  which  may  be  expected  to 
occur  between  the  results  of  different  operators  we  append  the 
following  results : 
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XXXI. — Carbon  Monoxide  as  a  Product  of  Combustion 
by  the  Bunsen  Burner, 

By  Thomas  Edward  Thorpe. 

In  the  course  of  an  inquiry  into  the  nature  of  the  combustion- 
products  of  certain  of  the  gas  and  oil-stoves  in  common  use,  made  at 
the  instance  of  the  Factory  Inspection  Department  of  the  Home 
Office,  I  have  had  an  opportunity  of  making  some  observations  on  the 
behaviour  of  the  Bunsen  burner  as  regards  its  liability  to  evolve 
unburnt  carbon  monoxide  when  burning  under  ordinary  conditions. 
That  considerable  quantities  of  carbon  monoxide  may  escape  unburnt 
when  a  coal-gas  flame  impinges  upon  a  cooled  surface  is  proved  by  the 
many  fatal  instances  of  carbonic  oxide  poisoning  which  hav«  occurred 
as  the  result  of  burning  such  gas  in  the  so-called  "geysers"  or 
underneath  baths  placed  in  small  and  ill-ventilated  rooms.  Pro- 
fessor Vivian  Lewes,  some  years  ago,  showed  (Cantor  Lectures  on 
Gaseous  Illuminants:  J.  Soc.  Arts,  1891),  that  when  the  flame  of  a 
Bunsen  burner  was  placed  beneath  a  copper  vessel  containing  water 
in  such  a  manner  that  the  inner  cone  of  the  flame  impinged,  or 
apparently  impinged,  upon  the  metal,  carbon  monoxide  could  be 
detected  among  the  escaping  products  of  combustion. 

My  experiments  were  made  with  a  view  of  determining  how  much 
carbonic  oxide  escaped  when  the  flame  of  a  Bunsen  lamp  was  caused 
to  burn  beneath  a  sand-tray  in  the  manner  required,  say,  to  heat  a  wash 
bottle.  The  lamp  and  tray  were  placed  under  a  cover  provided  with 
adequate  inlets  and  outlets  for  air,  and  the  relation  of  the  carbon 
dioxide  to  the  carbon  monoxide  formed  was  ascertained  by  aspirating 
known  volumes  of  the  air  from  within  the  cover  through  an  apparatus 
which  allowed  of  their  simultaneous  determination. 

The  amount  of  carbon  dioxide  was  ascertained  by  absorption  by 
means  of  soda-lime;  that  of  the  carbon  monoxide  by  the  very 
convenient  method  of  Nicloux  and  Qautier,  as  modified  by  Kinnicut 
and  Sanford  (J.  Amer.  Chem,  Soc,  1900,  22,  14).  This  method  is 
based  on  the  observation  of  Ditto  that  at  temperatures  between 
150°  and  200°,  iodine  pentoxide  is  decomposed  by  carbon  monoxide  in 
aocordanoe  with  the  equation : 

IjOj  +   5C0  -   Ij   +   5CX)„ 

the  liberated  iodine  being  determined  by  means  of  N/IOOO  solution 
of  sodium  thiosulphate.  Kinnicut  and  Sanford  have  shown  that 
this  method  is  far  more  sensitive  than  any  modification  of  Hoppe- 
Seyler's  method  based  on  the  difference  of  the  spectroscopic  reactions, 
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undar  the  inBueoc*  of  redndof  agtott,  of  OMrbon  monozyhMmoglobin 
and  oxjhAcmoglobin,  and  that  with  suitable  precautions  it  if  capable 
of  yielding  accurate  quantitative  results  even  in  the  case  of  air 
containing  as  little  as  0*0036  per  oent.  by  volume.  It  has  been  tested 
in  the  QoTeroment  Laboratory,  and  the  statements  as  to  its  accuracy 
have  been  oonSrmed. 

KnoVn  quantities  of  carbon  monoxide  were  mixed  with  air,  and 
the  mixture  slowly  aspirated  over  the  iodine  pentoxide  heated  at 
150 — 155^,  and  the  liberated  iodine  absorbed  in  a  10  per  cent,  solution 
of  potassium  iodide,  and  the  amount  determined  by  N/IOOO  sodium 
thiosnlphate  solution  with  the  following  results : 

Pteoentsge  vol.  of 
esrbon  monoxide  in  air.  Foand. 

0-190  0197 

0148  0-146 

0062  0061 

In  an  actual  experiment  with  the  Bunsen  lamp  burning  under  the 
sand-tray,  10  litres  of  air  mixed  with  some  portion  of  the  products  of 
combustion  of  gas,  burning  under  a  pressure  of  0*95  inches  and  at  the 
rate  of  6  cubic  feet  per  hour,  were  aspirated  through  the  apparatus : 
the  weight  of  carbon  dioxide  absorbed  was  0*175  gram,  or  0*8906  per 
cent,  by  volume.  The  iodine  liberated  by  the  carbon  monoxide 
required  11*9  cc.  (corr.)  of  the  sodium  thiosulphate  solution,  this 
amount  being  equivalent  to  00066  per  cent,  of  carbon  monoxide  by 
volume. 

Hence  if  the  ooal  gas  is  assumed  to  yield  one  half  of  its  volume  of 
carbon  dioxide  when  completely  burned,  it  would  appear  from  the  ratio 
0<0066/0*8906,  that  as  much  as  0022  of  a  cubic  foot  of  carbon 
monoside  per  hoar  escapes  unbumt  from  a  Bunsen  burner  when  used 
in  the  circumstances  described. 

It  should  be  stated  that  care  was  taken  to  exclude  the  possible 
disturbing  inHoenee  of  any  unsaturated  hydrocarbons  among  the 
products  of  combustion  by  treatment  of  the  gases  with  strong  sulphuric 
aeid  containing  sulphuric  anhydride,  and  that  a  control  experiment 
HIS  madb  by  aspirating  a  known  volume  of  the  air  of  the  laboratory 
tliroagh  the  apparatus  and  deducting  the  volume  of  thiosulphate  needed 
to  decolorise  the  minute  amount  of  iodine  so  liberated  from  the  volume 
of  the  thiosulphate  actually  consumed  in  determining  the  amount  of 
carbon  monoxide  produced  t)y  the  Bunsen  burner. 

QOVSRXMKNT  LaBOEATORT, 
LOHBOH. 
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XXXII. — Synthesis  of  Iminoethers,     'N-Ethyl,  1^-Methyl, 
and  ii- Benzyl  Benziminoethers. 

By  G.  Dbucb  Lander,  D.Sc. 

Amongst  the  open  chain  nitrogen  substituted  iminoethers  of  the 
type  RjC(ORii)!NR|n  we  are  at  present  acquainted  only  with  those 
in  which  Rjjj  is  an  aryl  group.  It  seemed  therefore  of  interest  to 
undertake  the  preparation  of  the  iV^-alkyl  and  benzyliminoethers, 
Benziminoethers  of  this  class  are  described  in  the  present  paper. 

Of  the  methods  available  for  their  formation  from  the  acylated 
amines  (Trans.,  1901,  79,  690  ;  and  1902,  81,  591)  that  of  alkylation 
by  means  of  dry  silver  oxide  and  alkyl  iodides  has  proved  of  no 
practical  value.  In  a  test  experiment,  7*5  grams  of  benzethylamide 
after  boiling  for  3  hours  with  23  grams  of  dry  silver  oxide  and  32 
gramsof  ethyl iodidegave  only  0*5  gram  of  ^-ethylbenziminoethyl  ether. 
The  failure  of  the  reaction  is  doubtless  attributable  to  the  diminished 
acidity  of  the  substituted  amide  caused  by  the  introduction  of  the 
relatively  basic  alkyl  group.  Recourse  had  therefore  to  be  taken  to 
the  method  of  synthesis  from  the  imide  chlorides  by  the  action  of  sodium 
alkyloxides,  a  process  which  leads  to  the  formation  of  the  desired 
products,  in  a  manner  generally  similar  to  that  previously  described 
for  the  aryl  benzamides. 

Experimental. 
I.  J^-Etht/lbenzimtnoethers. 

The  imide  cfdoride  of  benzethylamide,  Ph'CCKNEt,  has  not  previously 
been  described.  It  is  formed  similarly  to  the  methyl  analogue 
(Pecbmann,  Ber.,  1895,  28,  2367)  by  the  interaction  of  phosphorus 
pentacbloride  and  benzeth}  lamide  in  molecular  proportion.  After 
distilling  off  the  phosphorus  oxychloride  under  diminished  pressure, 
the  imide  chloride  boils  at  110 — 111°  under  15  mm.  pressure,  forming 
a  colourless  limpid  liquid.  The  first  portions  of  the  distillate  contain 
a  solid  (compare  Pechmann,  loe,  cit.\  which  subsequently  volatilises 
out  of  the  warm  distillate. 

The  imide  chloride  was  not  analysed,  its  identity  being  established 
by  the  following  reactions :  the  regeneration  of  benzethylamide  by  the 
action  of  water,  the  formation  of  iminoethers  through  the  agency  of 
sodium  alkyloxides,  and  the  production  of  phenylethylhentenyUtmidinie 
by  condensation  with  aniline.  When  aniline  was  added  to  a  solution 
of  the  imide  chloride  in  light  petroleum,  the  hydrochloride  of  this 
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amidine  wms  depodted  ••  a  tiioky  mAM,  which  wai  extracted  with 
dilute  sulphurio  acid.  On  adding  potaatium  iodide  the  hydriodide 
of  the  amidiDe  was  preoipitated  as  a  brown  resin  from  which  the  base 
was  obtained  bj  decomposition  with  sodium  carbonate.  After  two 
crystallisations  from  dilute  alcohol  it  formed  small  colourless  needles 
(n».  p.  74—76°). 

The  platinichloride  is  sparingly  soluble  in  water  and  is  deposited 
from  dilute  alcohol  in  yellow  prisms  which  decompose  at  20 i^ 

0*5486    lost  00221    at   lOQP    and    gave    01200    Pt.     H3O-402; 

Pt-22-8. 
(Ph-C:NBt-NHPh)^H,PtCI<„2H,0   requires  H,O-403;   Pt  (in  the 
dry  salt)  22*71  per  cent. 

The  work  of  Pecbmann  on  mixed  amidines  {loc.  cit.)  leaves  no  doubt 
that  the  constitution  of  the  above  base  is  expressed  by  the  formula 
Ph-C(:NEt)-NHPh  and  not  rh-C(:NPh)-NHEt. 

^'EthyUmuiminoetht/l  eiJier,  Ph*C(OEt):NEt,  constitutes  the  main 
product  of  the  action  of  sodium  ethoxide  on  a  light  petroleum  solu- 
tion of  the  imide  chloride.  Benzoyl  diethylbenzenylamidine  (Trans., 
1902,  81,  594),  isolated  in  the  preparation  of  the  methyliminoether,  is 
doubtless  also  formed.  The  iminoetber  is,  however,  contaminated 
with  some  unrecognised  impurity.  Id  one  case,  the  imide  chloride  was 
separated  by  distillation  under  diminished  pressure  into  two  fractions 
boiling  at  118— 124°  and  124 — 125^  respectively,  and  these,  freed  as  far 
as  possible  from  solid  (see  above)  by  solution  in  light  petroleum,  were 
separately  treated  with  an  alcoholic  solution  of  sodium  ethoxide,  and 
the  resulting  iminoetber  isolated  by  distillation  under  diminished 
proMure  in  a  manner  similar  to  that  formerly  employed.  In  each 
instance,  the  iminoetber  distilled  between  105°  and  115°  under  15  mm. 
pressure,  and  each  of  the  two  products  was  then  divided  into  three 
fractions  by  distillation  at  the  ordinary  pressure,  the  total  yield 
of  distilled  product  from  30  grams  of  benzethylamide  being  17 
grams.  The  extreme  boiling  points  were  215°  and  227°,  and  repeated 
analysis  showed  that  none  of  the  fractions  was  pure.  Fractions 
boUing  at  218—221°  and  223—227°  gave  C -73-56,  H  =  8-54,  and 
C  =  7 1  -3,  H  «  8-3  respectively,  the  formula  C,  jH, jON  requiring  C  =-  74  57, 
H-8-47  percent. 

Boiling  point  and  composition  alike  indicated  that  a  liquid  of  higher 
boiling  point  and  smaller  carbon  content  than  the  iminoetber  was 
probably  present.  Fractionation  with  the  comparatively  small  quantity 
of  substance  available  did  not  lead  to  a  separation.  It  seemed,  how- 
ever, not  unlikely  that  the  impurity  might  be  a  compound  of  the 
formula  Ph*C(0Et)2*NHEt.  Open  chain  mixed  ortho-compounds  of 
.  this  type  have  not  been  hitherto  obtained.     1  have,  however,  recently 
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prepared  such  derivatives  corresponding  with  the  oxanilic  esters,  the 
formation  and  properties  of  which  I  hope  soon  to  be  able  to  communi- 
cate. It  might  be  supposed  that  an  ortho-compound  of  the  type 
indicated  would  readily  lose  alcohol  on  heating,  giving  an  iminoether  ; 
that  this  is  not  necessarily  the  case  is  shown  by  the  oxalic  compounds 
above  referred  to.*  And  although  the  compound  Ph'C(0Et)2'NHEt  is 
more  likely  to  lose  alcohol  on  distillation  (compare  p.  325),  it  is  still 
possible  that  the  change  might  not  be  complete.  The  elimination  of 
alcohol  would  probably  be  facilitated  by  warming  with  a  dehydrating 
agent,  and  acetic  anhydride,  which  does  not  appear  to  react  with  this 
class  of  nitrogen  substituted  iminoethers,  seemed  to  be  the  most 
suitable. 

Impure  .y-ethylbenziminoethyl  ether  (9-5  grams)  boiling  at  219 — 226° 
was  mixed  with  0'6  gram  of  acetic  anhydride  and  warmed  in  an  oil- 
bath.  At  about  160°,  the  liquid  began  to  boil  and  the  odour  of  ethyl 
acetate  was  distinctly  perceptible.  The  warming  was  continued  for 
a  few  minutes  and,  after  cooling,  moderately  concentrated  potassium 
hydroxide  solution  was  added. 

The  iminoether  was  extracted  with  ether,  dried  with  calcium 
chloride,  and  distilled  under  12  mm.  pressure,  when  two  fractions 
106—107°  and  107—109°  were  obtained.  The  second  fraction  waa 
analysed : 

0  1334  gave  0-3636  COj  and  0-1015  H^O.     0  =  74-33;  H  =  8-45. 
CijHjgON  requires  0  =  74-57;  H  =  8-47  per  cent. 

The  purified  compound,  which  was  analysed  after  distillation,  boiled 
at  221 — 223°  (uncorr.)  under  the  ordinary  pressure: 

0-1339  gave  0-3650  OOg  and  0-1020  Up.     0  =  74*34;  H  =  8-46. 

A  second  treatment  with  1/10  molecular  proportion  of  acetic 
anhydride  yielded  a  product  boiling  at  105°  under  11  mm.  pressure* 
and  giving  0  =  74-31,  H  =  8-59.  Nitrogen  was  determined  in  this 
specimen : 

01 300  gave  90  c.c.  moist  nitrogen  at  13°  and  750  mm.     N-805. 
CjiHjgON  requires  N«7'9  per  cent. 

i^-£thyIbenziminoethyl  ether  is  a  limpid,  colourless  liquid,  with  a 
pungent  odour  recalling  that  of  the  alkylaminos.  Anhydrous  hydrogen 
chloride  precipitates  an  oily  hydrochloride  from  petroleum  solution, 
which  yields  ethyl  chloride  and  benzethylamide  on  heating.  Aqueous 
hydroohlorio  acid  brings  about  the  usual  resolution  into  ethyl  bensoate 
and  amine. 

•  The  compound  CO,Me*C(OMoVNni'b,  for  example,  distils  unchanged  in  a 
vacnnm,  and,  on  heating  under  the  ordinary  pressure,  undergoes  profound  decom* 
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Bj  warmiDg  with  aniliDe  at  100^  for  3  houm,  phenyletbjlbenzenjl- 
amidino  (m.  p.  74 — 76°)  is  produced,  the  product  being  identical  in  all 
respects  with  that  prepared  from  the  imide  chloride. 

If'Mtk^ibmuiminomtlA^  sMsr,  Ph*C(OMe):NEt.— Thirty  grams  of 
imide  chloride  were  obtained  from  30  grams  of  beozethylamide  and 
42  grams  of  phosphorus  pentachloride  and  this  product,  which  re- 
quired* 3*8  grams  of  sodium  dissolved  in  methyl  alcohol,  gave  20 
grama  of  crude  ^-ethylbensiminomethyl  ether.  After  treatment 
with  acetio  anhydride  (0*1  mol.)  the  iminoether  distilled  between  dZ^ 
and  100^  under  11  mm.  pressure: 

01186  gave  0*3180  CO,  and  0  0875  H,0.     C-7312  ;  H-819. 
C,oH„ON  requires  C  -  73*62  ;  H  -  7*97  per  cent. 

A  specimen,  purified  by  repeating  this  treatment,  was  also  analysed  : 

01240  gave  0*3330  CO,  and  00891  H,0.     C- 73*23  ;  H-7-98. 

The  boiling  point  under  the  ordinary  pressure  is  209 — 212°  (uncorr.). 

BetizoyUuthylbrnzenylamidim,  Ph*C(:NEt)-NEfCOPb,  was  slowly 
dqpoeited  from  a  chloroform  solution  of  the  yellow  gummy  residue 
left  after  distillation  of  the  crude  iminoether ;  it  separates  in  dense, 
colourless  prisms,  which,  after  two  crystallisations  from  chloroform 
and  ether,  melt  without  decomposition  at  90 — 91*5° : 

01435  gave  0*4052  CO,  and  00946  H,0.     0-77*01 ;  H-7*32. 

01472     „     0*4175  CO,    „    0*0965  H,0.     0-77*33 ;  H  =  7*21. 

C,8H,o^N,  requires  C  -  7714 ;  H  =  7*14  per  cent. 

This  compound  is  a  base,  in  which  respect  it  differs  from  the 
benzoylated  arylbenzenylamidines  which  are  neutral  bodies,  and 
resembles  bensoylbenzamidine  (Eitner,  Ber.,  1892,  25,  467).  It  is 
readily  Foluble  in  cold  dilute  hydrochloric  acid  and  is  reprecipitated 
unchanged  by  alkalis;  The  platinic/Uaridef  which  is  precipitated  in 
minute  orange  prisms  when  platinic  chloride  is  added  to  a  solution 
of  the  base  in  hydrochloric  acid,  is  anhydrous,  and  decomposes  at 
151— ISIS*^. 

0  3672  gave  00746  Pt.     Pt - 20*3. 
{Ph-C(:NEt)-NEfCOPh},H,PtClc  requires  Pt-20*1  per  cent. 

On  prolonged  standing,  and  more  rapidly  on  warming,  the  solution  of 
the  benzoylated  amidine  in  hydrochloric  acid  undergoes  decomposition. 
Bensoic  acid  and  ethylamine  could  be  detected,  and  a  neutral  com- 
pound, melting  at  101 — 102°  after  crystallisation  from  dilute  alcohol, 
was  also  fotmed,  but  in  quantity  insufficient  for  analysis. 
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II.  l^-Methylbenziminoetliert. 

^-Methylhenziminomethyl  ethe)%  Ph*C'(OMe)INMe. —  The  imide 
chloride  of  benzmethylamide  has  been  described  by  Pechmann  (loc.  cit.), 
who  failed  to  obtain  it  in  a  state  of  purity,  and  regarded  it  as  con- 
taminated with  an  impurity  of  higher  boiling  point,  wliich  is  free 
from  chlorine. 

For  the  preparation  of  the  iminoether,  the  imide  chloride  may  first 

be  distilled,  or  the  residue  left  after  removal  of  phosphorus  oxychloride 

/car^^the  product  of  reaction  of  the  pentachloride  with   benzmethyl- 

amide  mpay  be  dissolved  in  benzene  and  treated  with  sodium  methoxide 

in  alcoholic  ^  solution.     In  either  case  an   impure  iminoether  results, 

with  benzoyldimethylbenzen^TTj^midine  as  a  by-product. 

The  boiling  point  and  analybhjral  data  of  the  iminoether  were 
similar  to  those  of  iV-ethylbenziminoetn'^vl  ether,  indicating  the  presence 
of  a  similar  impurity,  and  treatment  with' i^  acetic  anhydride  was  found 
to  effect  the  required  purification.  After  NVcr^rming  twice  with  acetic 
anhydride  (0*1  mol.)  the  iminoether  was  obtainec-i  jn  a  pure  state  and 
distilled  almost  completely  at  94— 95°  under  12  mm  ^.^  and  at  203—206° 
(uncoir.)  under  the  atmospheric  pressure  : 

01 274  gave  0-3380  COg  and  00866  Ufi.     C  =  72-35V:  H  =  7-55. 
0-1116     „     0-2958  COg    ,,    0  0750  HgO.     C  =  7228  ;  .h  =  7-46. 
C9H11ON  requires  0  =  7248;  H  =  7*38  per  cent. , 

The  compound  is  a  colourless,  limpid  liquid  of  amine-lir^e  odour. 
Ethereal  hydrogen  chloride  gave  an  impure  hydrochloride c  melting 
at  65 — 70°,  with  evolution  of  methyl  chloride  and  regener  ation  of 
benzmethylamide. 

On  warming  some  of  the  iminoether  with  aniline  at  100°  .fQj.  g 
hours,  phenylmethylbenzenylamidine  melting  at  132 — 134°  wasfor^iQed 
(compare  Pechmann,  loc.  cit.). 

Benzoyldimetiiylbenzenylamidinet  Ph'0(INMe)*NMe*COPh,  w\^ 
isolated  from  the  product  of  reaction  of  the  imide  chloride  with  sodiiim 
methoxide,  in  the  manner  already  described ;  after  crystallisation  irot^ 
chloroform  and  light  petroleum,  it  formed  colourless  prismatic  crystals 
melting  at  116—117-5°:  , 

0-1360  gave  03796  CO,  and  00804  HjO.     C-76-12  ;  H  =  6-56. 
0-1220    „     11-8  CO.  moist  nitrogen  at  15°  and  768  mm.    N  -  1 1  27. 
OjeHijON,  requires  C- 761 9;  H-i6-35;  N-lMl  percent. 

Like  its  ethyl  analogue,  this  compound  is  a  base.  The  platinichloride 
forms  anhydrous,  orange^oloured  prisms  decomposing  at  184 — 185°: 

0  5256  gave  01124  Pt.     Pt-21-38. 

(CjeHieONj),H,PtCI,  requires  Pt- 21 -31  per  cent. 
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On  warmiDg  with  dilute  hydrochloric  acid,  the  baae  jrielda  methyl- 
amiiii^  btOBoie  aoid,  and  a  neutral  solid  meltiog  at  91 — 95^  which  has 
not  7«i  beta  examined . 

AOmfi  to  Fftpturt  ik$  OrUko-wmpomkd,  Ph*C(OMe),*NHMe.— 
When  molecuUr  proportions  of  phoephoros  pentaohloride  and  bens- 
maihjlamide  are  mixed  in  the  cold,  and  care  is  taken  to  avoid  over- 
heating, a  slight  rise  of  temperature  is  observed,  and  the  mass  melts 
without  evolution  of  hydrogen  chloride.  On  cooling,  the  brown  syrup 
beoomes  fillel  with  needle-shaped  crystals,  which  almost  certainly 
oonsisi  of  the  amide  chloride,  Ph*CClj*NHMe,  but  the  substance  lique- 
fies on  expoeure  for  a  few  seconds  to  moist  air,  so  that  neither  the 
melting  point  nor  the  composition  could  be  determined.  Go  warming, 
the  imide  diloride  is  formed  in  the  usual  manner,  but  I  am  inclined  to 
regard  it  as  at  least  possible  that  a  small  proportion  of  the  amide 
chloride  distils  over  unchanged  with  the  imide  chloride,  which  would 
account  for  the  composition  of  the  iminoether  and  its  behaviour 
towards  acetic  anhydride.  This  supposition  would  be  capable  of  veri- 
fication if  the  amide  chloride  could  be  isolated  and  made  to  react  with 
sodium  methoxide  in  accordance  with  the  equation  :  Ph'CCl^'NUMe  + 
2NaOMe  -  Ph-C(OMe),-NHMe  +  2NaCI. 

The  solid,  supposed  amide  chloride,  from  8 '5  grams  of  benzmethyl- 
amide  was  separated  by  dissolving  the  product  of  reaction  in  dry 
bensene,  precipitating  with  light  petroleum,  and  drying  for  an  hour  in 
an  ezhaosted  desiccator  ;  it  was  then  redissolved  in  benzene  and  treated 
with  a  methyl-alcoholic  solution  of  sodium  methoxide.  On  distillation 
in  a  vacuum  the  chief  fraction,  which  boiled  at  86 — 88°  under  11  mm. 
pressure,  weighed  1*3  grams  and  gave  C  =  70-92  ;  H  =  7-42,  C^HjiON 
requiring  0-7248;  H  =  7-4  and  CioHjjOjN  requiring  0-66*2; 
H  =  8*3  per  cent.  The  composition  of  the  product  differs  sO  little  from 
that  of  the  iminoether,  prepared  from  distilled  imide  chloride,  that  no 
certain  conclusions  can  be  drawn  regarding  its  probable  constitution. 

Ji'MttkylbmiMimvMethyl  ether,  Ph*0(OEt):NMe,  was  not  obtained 
in  a  pare  state  owing  to  lack  of  material.  The  boiling  point  of  the 
crude  compound  lay  between  103—108^  under  14  mm.,  and 
214 — 217^  under  the  ordinary  pressure.  The  percentage  composition 
of  the  small  amount  which  distilled  at  215''  was  0-72*2;  H-S-O  ; 
N-7'9;  the  calcoUted  values  being  0-736;  H-7'97;  N-8-6 
per  cent. 

The  properties  of  the  substance,  however,  left  no  doubt  that  the 
iminoether  formed  the  major  part  of  the  product. 
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III.  J^'Benzi/lbenziminoetkers. 

TJie  imide  chloride  of  hemhenzylamidej  Ph'CCKNCHgPh,  has  been 
described  by  Pechmann  and  Heinze  {Ber.,  1897,  30,  1788)  who 
assigned  to  it  the  boiling  point  110°  under  80  mm.  pressure.  Accord- 
ing to  these  authors,  this  imide  chloride  is  decomposed  by  aniline  or 
methylaniline  into  benzonitrile  and  benzylaniline  or  benzylmethyl- 
janiline,  thus : 

.  Ph-CCKN-CHjPh  +  Ph-NHj   =   Ph-CN  +  Ph-NHCH^Ph.HCl. 

This  anomalous  behaviour  proves,  however,  to  be  due  to  the 
instability  of  the  imide  chloride,  which,  on  attempted  distillation,  splits 
almost  completely  into  a  mixture  of  benzonitrile  and  benzylchloride 
Ph-CCr.NCH2Ph  =  Ph-CN  +  CH2PhCl;  at  the  same  time  a  certain 
amount  of  the  imide  chloride  passes  over  unchanged.*  This  is  shown 
by  a  comparison  of  the  results  of  iminoether  synthesis  with  distilled 
and  undistilled  imide  chloride  respectively.  Moreover,  if  the  imide 
chloride  is  not  distilled,  the  synthesis  of  the  mixed  phenylbenzyl- 
benzenylamidine  of  Beckmann  and  Fellrath  {Annalen^  1893,  273,  1) 
can  be  effected  in  the  usual  way. 

Distillation  of  tlie  Imide  CJdoride  of  Benzhenzylamide  and  Action  Of 
Sodium  Ethoxide  on  the  Distillate. — Ten  grams  each  of  phosphorus 
pentachloride  and  benzbenzylamide  were  mixed  and  made  to  react  by 
gentle  warming.  After  removing  phosphorus  oxychloride  in  a  vacuum 
below  45°,  the  temperature  of  the  bath  was  raised.  With  the  bath  at 
180°,  distillation  began  at  80°  under  12  mm.  pressure,  and  continued 
slowly,  the  temperature  steadily  rising  until  the  distillation  thermo- 
meter indicated  160°,  the  pressure  throughout  remaining  constant.  At 
this  temperature  the  flask  became  filled  with  white  fumes,  and  the 
operation  was  stopped.  The  distillate,  a  pale  yellow,  mobile  liquid, 
represented  about  one-half  of  the  reaction  mixture ;  the  residue  was 
dark  brown  and  tarry,  and  gave,  on  extraction  with  dilute  sulphuric 
acid,  a  base  which  formed  an  insoluble  hydriodide,  and  was  probably  an 
amidine,  a  considerable  quantity  of  benzbenzylamide  remaining  un- 
dissolved. The  results  of  a  second  experiment  confirmed  these  obser- 
vations. 

The  distillate,  which  gave  a  slightly  turbid  solution  iu  light  petroleum, 
was  rendered  distinctly  alkaline  by  the  addition  of  a  solution  of  about 
0*3  gram  of  sodium  in  ethyl  alcohol.  After  washing  with  water  and 
desiccation  with  potassium  carbonate  it  was  distilled,  when  the  greater 
parfe  paaaed  over  between  100 — 105°  under  30 — 40  mm.   pressure. 

•  A  ttmilftr  observation,  made  by  \/>y  and  HoUweissig,  was  published  {Ber., 
1903,  86,  19)  after  this  paper  had  been  handed  in  for  publication. 
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The  dUUlUtioo  then  slopped  and  the  seoond  fraction  boiling  at  185^ 
ondar  9  am.  pratturav  waa  shown  by  ita  behaWour  towards  aqaeooa 
hTdroehkirie  tisid  to  be  i^-bensjlbeniiminoethjl  ether  (described  later). 
The  amount  formed  was  small,  but  served  to  show  that  some  imide 
ehloride  had  distilled  unchanged.  The  lower  boiling  fraction  was  re- 
disliUed  between  183 — 187^  under  the  ordinary  pressure,  and  on  boiling 
for  6  hours  with  concentrated  aqueous  potassium  hydroxide  gave  am- 
monia end  bensoic  acid,  thus  proving  the  presence  of  benzonitrile,  and 
a  neutral  oil  free  from  nitrogen  and  halogen,  boiling  at  183°  (uncorr.) 
and  possessing  the  characteristic  odour  of  the  benzyl  alkyl  ethers. 
The  formation  of  benzyl  ethyl  ether  points  to  the  presence  of  benzyl 
chloride  in  the  distillate. 

SyniMMtM  of  Fkenylbenzylbmzmylamidtne,  Ph*C(:NCH2Ph)*NUPh, 
from  lAe  Imide  Chloride  qf  Benzbenzj/lamide, — After  distilling  phos- 
phorus oxychloride  under  diminished  pressure  from  the  reaction  product 
of  equal  weights  of  phosphorus  pentachloride  and  benzbenzylamide, 
the  syrupy  residue  was  dissolved  in  light  petroleum  and  one  mol.  of 
aniline  was  added.  After  some  time,  the  petroleum  was  poured  off  and 
was  found  to  contain  no  benzonitrile.  The  residual  hydrochloride  was 
extracted  with  dilute  sulphuric  acid,  and  the  amidine  liberated  by 
adding  sodium  hydroxide.  After  two  crystallisations  from  dilute 
alcohol  the  base  melted  at  99 — 100°  and  proved  to  be  identical  with 
Beckmann  and  Fellrath's  product  from  the  imide  chloride  of  benz- 
phenyUmide  and  benzylamine  {loc.  cit.). 

01403  gave  04322  CO,  and  00815  Kfi.     C  =  840l  ;  H-6-45. 
C^oHjjN,  requires  C  =  839  ;  H  =  63  per  cent. 

Phmylmtihylbenzylbenzenylamidine,  Ph-C(:N0H2Ph)-NMePb,  was 
prepared  by  adding  methylaniline  (1  mol.)  dissolved  in  benzene  to  a 
solution  of  the  undistilled  imide  chloride  of  bensbenzylamide  in  the 
same  solvent.  A  clear  brown  solution  of  the  hydrochloride  was  thus 
obtained  from  which  the  base  was  separated  by  distilling  off  the 
solvent,  extracting  the  residue  with  dilute  sulphuric  acid,  and  pre- 
cipitating the  clear  solution  with  alkali  After  three  crystallisations, 
the  base  was  obtained  in  colourless  prisms  melting  constantly  at 
89 — 90^,  and  not  95°  as  given  by  Pechmann  and  Heinze  {}oc.  cit.) : 

01 164  gave  0-3678  CO,  and  00706  H,0.     C-83-83  ;  H-i6-73. 
C,iH,oN,  requires  C  =  840 ;  H  =•  666  per  cent. 

This  compound  was  also  formed  when  the  synthetic  amidine,  the 
formation  of  which  has  just  been  described,  was  methylated  by  boiling 
for  2—3  hours  with  excess  of  methyl  iodide  ;  when  liberated  from  its 
hydriodide  and  crystallised  from  dilute  alcohol,  it  melted  at  89 — 90°, 
and  did   not  depress  the  melting  point  of  the  preceding  preparation 
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The  correctness  of  the  formula  Ph'C(:NCH2Ph)'NHPh,  proposed  by 
Pechmann  for  Beckmann  and  Fellrath's  amidine,  is  thus  confirmed. 

N-£enzt/lbenzimt7ioethyl  ether,  Ph*C(0Et);NCH2^^j  ^^^  prepared  by 
mixing  an  alcoholic  solution  of  sodium  ethoxide  and  a  light  petroleum 
solution  of  the  undistilled  imide  chloride  in  the  same  way  as  that 
previously  described  (Trans.,  1902,  81,  593).  On  distilling  the  product 
under  diminished  pressure,  the  ether  was  obtained  as  a  thick,  colour- 
less, odourless  oil  boiling  at  186 — 188°  under  12  mm.  pressure  : 

01430  gave  0'4200  CO^  and  00934  Ufi.     C  =  801 ;  H  =  7-25. 
0  1850     „     9-2  c.c.  moist  nitrogen  at  12°  and  766  mm.     N  =  5-93. 
CiflHiyON  requires  C  -  80*3  ;  H  =  71 ;  N  =  585  per  cent. 

The  iminoether,  which  did  not  give  a  solid  hydrochloride,  was 
hydrolysed  by  aqueous  mineral  acids  into  ethyl  benzoate  and  benzyl- 
amine,  and,  on  condensation  with  aniline,  gave  Beckmann  and  Fell- 
rath's amidine. 

J^-Benzylhemiminomethyl  ether,  Ph*C(0Me)INCH2Ph,  prepared  like 
the  ethyl  compound,  boiled  at  178 — 180°  under  11  mm.  pressure, 
19  grams  of  purified  product  being  formed  from  30  grams  benz- 
benzylamide : 

0  2086  gave  ll'O  c.c.  moist  nitrogen  at  15°  and  752  mm.     N  =  6-l. 
CjgHijON  requires  N  =  6*2  per  cent. 

The  properties  of  the  methyl  compound  resemble  those  of  the  ethyl 
homologue,  and  it  gives  the  amidine  melting  at  99 — 100°  on  condensa- 
tion with  aniline. 

The  Oxidation  of  the  'S-Benzi/lbenzimino  Ethers  by  Atmospherie 
Oxygen. — The  iV-benzylbenzimino  ethers  are  sharply  distinguished  from 
the  allied  aryl-  and  alkyl-compounds  by  the  ease  with  which  they  are 
oxidised  on  exposure  to  air.  In  a  few  days,  the  liquid  iminoethers 
deposit  long,  prismatic  crystals  which,  after  crystallisation  from  dilute 
alcohol,  melt  at  147 — 148°.  The  solid  is  soluble  in  cold  potassium 
hydroxide,  and  is  recovered  unchanged  by  immediate  acidification. 
After  a  time,  the  alkaline  solution  deposits  leaflets  of  benzamide  melt- 
ing at  125°. 

This  behayiour  and  the  analytical  data  leave  no  doubt  that  the 
solid  is  dibenzamide  (m.  p.  148°). 

01344  gave  03685  CO,  and  00612  H,0.     C-74-8  ;  H-61. 
0*1573  gave  8*9  o.o.  moist  nitrogen  at  19°  and  755  mm.     N«6'4. 
0,^H„0,N  requires  C  -  747  ;  H  -  49  ;  N  -  6*2  per  cent. 

The  mechanism  of  the  oxidation  of  the  compounds  PhCORIKOH^Ph 
to  PhCO*NH*COPh  cannot  readily  be  explained  in  a  satisfactory 
manner,  and  in  consequence  of  the  hydrolysis  of  the  iminoethers  by 
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acids  and  of  dibeDiamide  by  alkaliii,  it  it  not  Maj  to  find  an 
alt«matiT«  oxidising  agent.  Hydrogen  peroxide  and  neutralised 
Oaro't  aoid  are  apparently  not  suitable,  and  slightly  alkaline  potassium 
ferrieyanide  gives  mainly  unaltered  iminoether  and  potassium 
benioate. 

Moob  of  the  expense  of  the  above  work  was  defrayed  by  a  grant 
made  by  the  Beeeareh  Fund  Committee  of  the  Chemical  Society,  for 
which  I  desire  to  express  my  indebtedness. 

UKITBamTT  COLLKOB, 
NOTTIItOBAM. 


XXXlli. — Tertiary  Butylplienol. 

By  Edward  W.  Lbwis  (Baiters*  Research  Fellow). 

Ik  biudying  the  action  of  bromine  on  the  alkyl  derivatives  of  phenol- 
fhsulphonic  acid,  in  order  to  determine  the  degree  in  which  the  inhibiting 
influence  of  the  alkyl  is  dependent  on  the  character  of  the  radicle 
(Armstrong  and  Lewis,  Proc,  1900,  16,  157),  experiments  were  made 
with  what  at  the  time  was  supposed  to  be  <0r.-butylphenyl  ether  sul- 
phonate ;  but  as  the  effect  produced  by  the  tertiary  radicle  seemed  to 
be  altogether  different,  not  only  from  that  of  methyl  and  ethyl,  but 
also  from  that  of  normal  and  wobutyl,  the  experiments  were  con- 
tinued. The  object  of  this  note  is  to  point  out  that  the  interpretation 
to  be  put  upon  the  results  is  entirely  different  from  that  which  at 
the  time  seemed  to  be  the  natural  ona 

Finding  that  the  phenol-/>-sulphonate  could  not  be  alkylated  by  the 
method  suooessfuUy  adopted  in  all  other  cases  by  digesting  the  salt 
with  t«r.-butyl  chloride  in  presence  of  alkali,  in  order  to  prepare  the 
ether,  a  mixture  of  phenol  with  the  chloride  and  excess  of  alkali,  to- 
gether with  sufficient  alcohol  to  make  a  clear  solution,  was  digested 
until  interaction  was  complete  ;  much  gas  (butylene)  was  given  off 
during  the  operation.  To  isolate  the  product,  the  oil  which  separated 
on  pouring  the  strongly  alkaline  alcoholic  solution  into  water  was 
distilled  in  a  current  of  steam  ;  the  oil  thus  obtained  was  assumed  to 
be  the  required  ether  and  therefore  a  portion  was  at  once  sulphonated. 
The  potaFsium  salt  of  the  acid  so  produced — which  gave  correct  values 
on  analysis — rapidly  absorbed  a  molecular  proportion  of  bromine,  but 
the  sulphonic  group  was  not  displaced,  a  monobromosulphonate  being 
apparently  the  only  product.  This  result  was  confirmed  by  a  repeti- 
tion of  the  experiments  and  by  a  determination  of  the  acidity  of  the 
solution  after  bromination. 
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Suspicion  was  first  aroused  when  a  small  quantity  of  the  oil  which 
escaped  sulphonation  was  identified  with  fer.-butyl phenol ;  it  then 
appeared  probable  either  that  the  supposed  ether  was  in  reality  butyl- 
phenol  or  that  the  ether  or  a  part  of  it  underwent  isomeric  change 
under  the  action  of  the  sulphonating  agent  (monochlorhydrin).  On 
further  brominating  the  monobromosulphonate,  a  product  was  obtained 
possessing  the  properties  of  a  phenol,  not  those  of  an  ether,  so  that 
there  could  be  no  doubt  that  butylphenolsulphonic  acid  and  not  ter.- 
butylphenyl  ethersulphonic  acid  had  been  formed.  In  order  to  decide 
between  the  two  alternatives,  a  considerable  quantity  of  phenol 
(150  grams)  was  butylated  as  before.  On  subjecting  the  steam  distil- 
late to  a  rigorous  washing  with  caustic  soda  solution  of  moderate 
strength,  the  greater  part  of  the  oil  dissolved  in  the  alkali ;  the  insoluble 
portion  amounted  to  only  about  5  grams,  boiling  between  190°  and 
210°.  This  latter,  however,  as  well  as  the  soluble  part,  gave  only 
butylphenolsulphonic  acid  on  sulphonation  ;  so  that  if  the  oil  insoluble 
in  alkali  were  indeed  the  ether,  it  had  undergone  isomeric  change 
during  sulphonation.  Experiments  made  subsequently  showed  that  no 
such  change  occurs  in  the  case  of  isobutylphenyl  ether,  for  on  sulphon- 
ating this  substance  the  sulphonic  acid  of  tsobutylphenyl  ether  was 
alone  obtained. 

The  following  new  derivatives  of  <er.-butylphenol  have  been  obtained 
in  the  course  of  the  experiments. 

Pota89ium-2-bromo-i-ter.-butylphenol-6-8ulphonate, 

C^H9-CoH2Br(OH)-S03K, 

obtained  by  the  action  of  a  molecular  proportion  of  bromine  on  an 

aqueous  solution  of  potassium  <er.-butylphenolsuIphonate,  crystallises 

from  water  in  anhydrous,  glistening,  flattened  needles  or  thin  flakes : 

0-0981  gave  0*0247  KjSO^.     K  « 11-29. 
00978     „     0-0532  AgBr.     Br===2315. 

CioHjjOBr-SOjK  requires  K-11-24;  Br  =  2305. 

2 :  ^-Dibromoier.-huiylphenoly  obtained  by  the  further  action  of 
bromine  on  an  aqueous  solution  of  the  bromosulphonate  just  described, 
orystallises  in  colourless,  glistening  flakes  which  melt  at  70 — 71°;  it 
has  a  faint  but  rather  pleasant  odour  recalling  that  of  artificial  musk  : 


01 179  gave  0-1438  AgBr.     Br -61  70. 

CjoHj^OBr,  requires  Br -51  95. 


It  is  evident  from  the  above  observations  that  the  principal 
product  of  the  action  of  <«r.- butyl  chloride  on  plienul  in  presence  of 
alkali  is  />-ter.-butyIphenoI.  No  satisfactory  evidence  of  the  produc. 
tion  of  an  isomeric  butylphenol  has  been  obtained.  If  any  ether  is 
produced,  it  is  formed  iu   very  small  quantity  and  is  converted   into 
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Ui«  Momeric  phenol  on  talphoDAiiog.  The  mm  with  which  p-(«r.- 
buiylpbeikoi  is  ToUiih'fd  bj  sUam  from  a  itronglj  alkaline^  liquid 
and  Um  aonparatiTa  ditBcnlty  with  which  it  dinolvos  in  caustic  alkali 
point  to  its  being  an  eztremoly  weak  aoid. 

The  difficulty  of  obtaining  mixed  ethers  of  phenols  (inn.:  i 
tertiary  alkyl  group  has  been  brought  under  notice  since  ila-  ai^ovu 
•xpeiitemite  were  carried  out  by  Spiegel  and  Sabbath  (Ber.^  1901,  34» 
1946).  They  found  that  on  heating  potassium  />-nitrophenate  with 
fsr.-butyl  chloride  and  alcohol  under  pressure  at  140°  no  trace  of  ether 
was  obtained  ;  even  after  adding  an  alcoholic  solution  of  the  chloride 
to  the  ttlTer  salt  of  p*nitrophenol  and  allowing  the  two  substances  to 
interact  at  ordinary  temperatures,  the  />-nitrophenol  was  recovered 
unchanged.    Similar  results  were  obtained  when  («r.-amyl  chloride  was 


Obeeryations  recorded  by  Mackenzie  (Trans.,  1901,  79,  1209,  1216) 
to  bear  on  the  same  point.  He  was  unable  to  prepare  an  ether 
by  the  action  of  benzophenone  chloride  on  sodium  phenate  (or 
phenol),  the  isomeric.4 :  4'-dihydrozyt6traphenylmetbane  being  formed 
instead ;  in  a  similar  manner  benzal  chloride  and  phenol  give  di- 
hydrozytriphenylmethane  and  not  the  corresponding  ether. 

The  eaM  with  which  the  tertiary  butyl  group  attaches  itself  to  a 
carbon  stom  of  the  bensene  nucleus  is  brought  out  very  clearly  by  the 
production  of  tor.-butylphenol  in  fair  quantity,  under  such  mild  con- 
ditions, and  under  circumstances  under  which  the  formation  of  an 
ether  might  have  been  expected.  The  well-known  fact  that  attempts 
to  prepare  homologues  of  benzene  containing  the  i«obutyl  group 
attached  to  a  nuclear  carbon  atom  invariably  involve  the  formation 
of  their  UrUary  isomers  (</.  Baur,  Ber.,  1891,  24,  2832—2835 ; 
Schramm,  JionaUh.,  1888,  O,  613—625)  is  apparently  of  the  same 
order. 

Cbkmical  Dkpartmsvt, 

City  akd  Guilds  of  Lokdon  Institute, 
CKimuLL  Technical  Oolleos. 


XXXIV. — The  Constitution  of  the  Products  of  Nitration 

of  ^ceto-m-tobiidide. 

By  Julius  B.  Cohen  and  Hxvrt  D.  Dakui. 

In  the  course  of  some  experiments  which  had  for  their  object  the 
preparation  of  the  trichlorotoluenes  from  the  chlorine  derivatives'of 
niiroaceto-m-toluidide,   it   was   found    that  a  degree  of   uncertainty 
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existed  as  to  the  constitution  of  the  nitroacetotoluidide  obtained 
by  Beilstein  and  Kuhlberg  {Annalen,  1871,  158,  348).  On  rein- 
vestigating the  subject,  definite  evidence  was  obtained  as  to  the 
constitution  of  the  substance,  and  it  was  also  found  that  a  previously 
overlooked  isomeric  nitro-compound  was  formed  during  the  nitration. 

Beilstein  and  KUblberg  describe  the  nitroaceto-mtoluidide  as  a 
subtance  crystallising  in  red  prisms  melting  at  101 — 102°.  On 
hydrolysis  they  obtained  a  base  melting  at  133 — 134°,  and  showed 
that  on  removing  the  amino  group  from  this  substance,  they  obtained 
a  liquid  nitrotoluene  which  on  subsequent  reduction  and  acetylation 
gave  aceto-o-toluidide. 

These  experiments  whilst  proving  that  the  nitro-group  is  in  the  ortho- 
position  relative  to  the  methyl  group,  are  obviously  insufficient  to 
decide  between  the  two  possible  ortho-  and  para-positions  respectively 
to  the  amino-group. 

Limpricht  (Ber.f  1885,  18,  403)  ascribes  the  2-nitroacetylamino- 
toluene  formula  to  Beilstein  and  Kiihlberg's  compound  and  reserves  the 
6-Ditro-3-acetylaminotoluene  formula  for  a  substance  obtained  by  the 
partial  reduction  of  a  dinitro-compound  of  unknown  constitution, 
obtained  as  a  by-product  in  the  nitration  of  toluene.  It  is  not 
clear  that  Limpricht  had  any  experimental  evidence  in  support  of  the 
constitutions  he  assigned  to  the  two  substances. 

Fileti  and  Crosa  (Gazzetta,  1888,  18,  298)  obtained  a  base 
apparently  identical  with  the  nitrotoluidine  of  Beilstein  and  Kiihlberg 
by  heating  bromonitrotoluic  acid  with  alcoholic  ammonia  at  180°. 
The  bromonitrotoluic  acid  was  obtained  by  the  oxidation  of  bromo- 
nitrocymene  (Me  :  NOj  :  Br  :  Pr^  =■  1  :  6  :  3  :  4),  from  which  it  follows 
that  the  nitrotoluidine  should  be  represented  as  containing  its  sub- 
stituent  radicles  in  the  following  positions  :  Me  :  NH^  :  NO,"*  1  :  3  :  6. 
They  also  showed  that  on  further  reducing  the  base,  they  obtained  a 
substance  melting  at  64°,  which  accords  with  2  : 5-tolylenediamine. 
2  : 3-Tolylenediamine,  however,  melts  at  almost  the  same  temperature. 

The  results  of  the  experiments  that  follow  show  that  the  nitration 
of  aceto  m-toluidide  results  in  the  formation  of  two  nitro-derivatives. 
The  main  product  consists  of  6-nitro-3-acetylaminotoIuene  and  is 
identical  with  the  product  described  by  Beilstein  and  Kiihlberg.  The 
nitro-group  was  proved  to  occupy  position  6,  by  converting  the 
substance  snccessively  into  3-ohloro-6  nitrotoluene  and  3-chloro-4  :  6-di- 
nitrotoluene  and  also  by  showing  that  the  tolylenediamine  obtained  by 
hydrolysis  and  reduction  gave  the  green  colouring  matter  described  by 
Nietski  (Ber.^  1877,  10,  1158)  on  treatment  with  o-toluidine  and  ferric 
chloride.     Limprioht's  formula  is  therefore  shown  to  be  incorrect. 

A  smaller  quantity  of  an  isomeric  nitro-compound  w.is  separated  by 
fraoUonal  crystallisation  from  alcohol,  and  was  proved  to  be  4-nitro- 
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3  aoaiyltmiDotoliwpe.  On  hydrolysis,  it  gare  a  bate  whioh  was 
idntieal  with  the  prodnet  obUined  by  8U«del  and  Kolb  {AnnaUn, 
1890,    20O.    224)     by    heatinjr    4-nitrD-m  tolyl     ethyl     ©thor    with 


Th«  amultaneouB  tormaiion  of  o- and  /Mierivniive»  id  this  case  is 
ioierestiiig  biiim  Um  nitratioD  of  aoeto-o-toluidide  is  thereby  shown 
to  be  eisentially  similar  to  that  of  its  m-isomeride.  Aceto-o-toluidide 
was  onginally  sappoeed  to  give  simply  the  p^lerivative  (Beilstein  and 
Kuhlberg,  Ammim,  1871,  168,  345)  but  Lellman  and  Wurthner 
{Anmakn,  1885, 228,  240)  showed  that  the  o-compound  was  also  present 
in  quite  large  quantities. 

Experimental. 

Twenty  grams  of  aceto-m-toluidide  were  added  in  small  portions  at  a 
time  to  75  grams  of  freshly  distilled  fuming  nitric  acid  and  25  grams 
of  glacial  acetic  acid.  The  mixture  was  maintained  at  about  15°,  and 
aboat  two  hours  after  the  whole  of  the  acetotoluidide  had  been  added, 
the  clear  reddish  solution  was  poured  into  water,  the  precipitated 
nitroaoetotoluidides  being  crystallised  from  alcohol.  The  crystals 
first  deposited  were  fine,  massive,  red  prisms,  which  collected  in  a 
compact  layer  at  the  bottom  of  the  vessel.  On  further  standing, 
long,  yellowish  needles  were  deposited.  The  two  kinds  of  crystals 
u*ere  separated  mechanically  as  far  as  possible,  and  then  repeatedly 
crystallised  from  alcohol.  The  prisms,  which  form  the  main  product 
of  the  reaction,  melted  at  103—104°  (Beilstein  and  Kiihlberg  give 
101 — 102°).  The  yellow  needles,  which  amounted  to  about  15  per 
cent,  of  the  whole  product,  melted  at  86 — 87°,  and  gave  on  hydrolysis 
4-nitro-3-aminotoIuene  melting  at  110 — 110*5°. 

6-Nitro-3-acetotoluidide  is  readily  hydrolysed  with  boiling  hydro- 
chloric add,  the  nitrotoluidine  hydrochloride  crystallising  out  from 
the  add  eolation.  On  boiling  the  hydrochloride  with  water  the  free 
base  is  obtained,  and  crystallises  from  hot  water  or  dilute  alcohol  in 
long,  yellow  needles  melting  at  133 — 134°. 

The  conversion  of  the  nitrotoluidine  into  3-chloro-4  :  6-dinitrotoluene 
was  carried  out  as  follows  :  pure  nitrotoluidine  was  converted  into  the 
hydrochloride  by  boiling  with  a  large  excessof  concentrated  hydrochloric 
acid  ;  the  solution  was  then  cooled  in  a  freezing  mixture,  and  diazotised 
with  solid  sodium  nitrite.  Diazotisation  was  somewhat  slow  and 
required  an  excess  of  nitrife,  but  was  eventually  complete.  On  pour- 
ing the  solution  into  cold  cuprous  chloride  solution,  a  rapid  evolution 
of  nitrogen  occurred,  and  an  almost  theoretical  yield  of  liquid  chloro- 
nitrotoluene  was  obtained  on  subsequent  distillation  in  steam.  The 
chloronitrotoluene  was  next  nitrated  with  fuming  nitric  acid  and  con- 
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centrated  sulphuric  acid.  After  the  reaction  had  been  completed  by 
warming  on  the  water-bath,  the  dinitro-compound  was  precipitated 
with  water  and  crystallised  from  alcohol.  The  substance  crystallised 
in  fine,  shining  leaflets  melting  at  90 — 91°,  and  was  identical  with 
3-chloro-4  :  6dinitrotoluene  (Reverdin  and  Cr^pieux,  Ber.,  1900,  33, 
2505).  The  constitution  of  the  original  substance  must  obviously  be 
6-nitro-3-aminotoluene,  if  it  can  be  converted  into  o-toluidine  on  the 
one  hand,  and  into  3-chloro-4  :  6-dinitrotoluene  on  the  other. 

6-Nitro-3-acetylaminotoluene  readily  yields  chlorine  derivatives 
when  dissolved  in  acetic  and  hydrochloric  acids  and  treated  with 
sodium  chlorate.  So  far  only  preliminary  experiments  have  been 
made  in  this  direction,  but  the  di-  and  tri-chloro-derivatives  have  been 
obtained  as  follows. 

Nine  grams  of  the  nitro-compound  were  dissolved  in  75  c.c.  of  glacial 
acetic  acid  and  37  c.c.  of  concentrated  hydrochloric  acid.  The  solution 
was  then  carefully  cooled  and  4  grams  of  sodium  chlorate  dissolved  in 
the  minimum  amount  of  water,  gradually  added  in  small  portions. 
After  some  time,  water  was  added  and  the  precipitate  crystallised  from 
alcohol.  The  product  was  not  uniform  in  appearance  and  melted  in- 
definitely between  110 — 115°.  On  analysis,  it  was  found  to  contain 
21*5  per  cent,  of  chlorine  corresponding  with  a  mixture  of  about  equal 
quantities  of  the  mono-  and  di-chloro-derivatives.  The  substance  was  then 
redissolved  in  the  same  acid  mixture  as  before,  and  a  further  addition 
of  2  grams  of  sodium  chlorate  made.  The  substance  was  subsequently 
precipitated  and  repeatedly  crystallised  from  alcohol  Dichloro-6-nitro- 
3-acetylaminotoluene  was  obtained  in  colourless  crystals  melting  at 
181—183°. 

0-0772  gave  00864  AgCl.     CI  =  27*2. 

C^HgOgNjClj  requires  CI  =  27*0  per  cent. 

A  small  quantity  of  substance  was  separated  which  was  more  in- 
soluble in  alcohol  than  the  dichloro-derivative  and  was  apparently 
2:4: 5-trichloro-6nitro-3-acetylaminotoluene.  It  did  not  melt  below 
20QP. 

The  hydrolysis  of  the  isomeric  nitro-acetotoluidide  was  effected  with 
boiling  hydrochloric  acid,  and  the  base  was  precipitated  from  the  acid 
solution  by  the  addition  of  caustic  soda.  It  crystallised  from  alcohol 
in  fine,  prismatic  needles  melting  at  110 — 110*5°  in  agreement  with 
4-nitro-3-aminotoluene. 

Thi  Torkshirb  Colliob. 
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XXXV. — The    SolxMlities    and    Transition-Points    of 

Lithium   Nitrate  and  its  Hydrates. 

Bj  F&BDXAiCK  Gbobqb  DoMNAN  aod  Brtcb  Chudlbiqh  Burt. 

THBbbject  of  the  experimeDts  daaoribed  in  this  paper  was  to  examine 
the  ▼mrions  solid  phaees  which  can  separate  from  the  two-compooent 
•TBtom,  water — lithium  nitrate,  and  to  determine  the  conditions  of  their 
eTirtenoe  in  contact  with  the  saturated  solution. 

As  the  first  member  of  its  group,  lithium  shows  many  analogies 
with  the  elements  of  the  succeeding  series,  in  particular  with  calcium. 
In  agreement  with  this,  lithium  nitrate  is  a  very  deliquescent  and 
•xtremely  soluble  salt.  It  is  also  characterised  by  a  tendency  to 
form  snpersatorated  solutions,  resembling  calcium  chloride  in  this 
respect. 

The  first  experiments  on  the  hydrates  of  lithium  nitrate  appear  to 
have  been  those  of  Kremers  (Jahresberichte,  1854,  324;  Fogg.  Ann., 
02,  520),  who  mentions  that  he  obtained  a  hydrate  crystallising  in 
needles  and  also  another  form  crystallising  in  rhombohedra  which  he 
assumed  to  be  the  anhydrous  salt.  The  former  he  regarded  as  the 
hydrate  LiNO„2^H20.  The  same  formula  was  assigned  to  it  by 
Troost  {JahretUriehUf  1857,  140).  Both  observers  obtained  this  salt 
by  crystallisation  below  20°. 

According  to  Dott,  however  (Pharm.  /.,  1893,  124,  [iii],  215),  the 
hydrate  obtained  by  Kremers  and  Troost  possesses  the  formula 
LiN0^3H,0. 

Solubility  measurements  were  carried  out  by  Kremers  at  a  few 
temperatures,  but  these  do  not  agree  well  with  the  results  recorded 
below.  Similar  discrepancies  have  been  observed  in  many  other  cases 
of  this  sort,  and  are  chiefly  due  to  the  fact  that  not  enough  attention 
was  paid  by  the  earlier  observers  to  the  securing  of  constant  temperature 
and  complete  saturation. 

Crj/itcUiisatum  Experiments, 

The  salt  used  in  the  following  experiments  was  obtained  from 
Kahlbaum  and  purified  by  recrystallisation.  When  a  strong  solution 
was  cooled  down  to  the  ordinary  temperature  and  allowed  to  crystallise, 
delicate  deliquescent  needles  were  obtained.  These  were  filtered  by 
suction  and  rapidly  dried  between  folds  of  filter  paper.  They  proved 
on  analysis  to  consist  of  the  trihydrate,  as  shown  by  the  following 
results : 

Found  H2O-44I ;  LiN0s,3H,0  requires  43*9  per  cent. 

A  A  2 
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On  allowing  a  more  concentrated  solution  to  crystallise  at  a  tempera- 
ture above  30°,  crystals  were  obtained  having  an  entirely  different 
appearance.  It  was  found  difficult  to  obtain  specimens  giving  constant 
results  on  analysis  by  simply  filtering  off  and  drying  in  the  usual  way, 
probably  owing  to  the  rapid  solidification  of  the  adherent  mother 
liquor  to  a  mixture  of  the  two  hydrates  (see  p.  339).  However,  on 
crystallising  in  an  air-bath  at  a  constant  temperature  of  40°  and  allow- 
ing the  selected  crystals  to  dry  on  filter  paper  while  remaining  in  the 
bath,  a  hydrate  was  obtained  in  a  state  of  purity,  as  shown  by  the 
following  analyses  : 

Found  H20=  11-6,  11-8  ;  LiNOg.JHgO  requires  11'5  per  cent. 

Isothermal  crystallisation,  at  a  temperature  of  90°,  yielded  a  salt 
which  on  examination  under  the  microscope  appeared  to  differ  in 
crystalline  form  from  the  preceding  hydrates.  This  was  evidently  the 
anhydrous  nitrate,  although  the  specimens  analysed  appeared  to  con- 
tain quantities  of  water  varying  from  1  to  2  per  cent.  As  the  salt  is, 
however,  exceedingly  deliquescent,  this  small  and  variable  amount  of 
water  may  safely  be  ascribed  to  the  difficulty  in  obtaining  a  really 
dry  sample. 

Solubilities  of  the  Trihydraie, 

These  determinations  were  carried  out  by  stirring  the  salt  with 
water,  using  an  apparatus  of  the  form  employed  by  van't  Hoff.  The 
arrangements,  which  were  of  the  usual  description,  included  a  water- 
thermobtat,  an  Ostwald  toluene  thermo-regulator,  with  a  small 
Heinrici  hot-air  motor  to  drive  not  only  the  thermostat-stirrer  but 
also  the  stirrers  of  two  solubility  vessels.  The  thermometer  employed 
was  divided  into  tenths,  and  standardised  by  comparison  with  Travers* 
hydrogen  thermometer. 

Usually,  the  solutions  were  rapidly  stirred  for  24 — 30  hours  to  attain 
saturation-equilibrium.  The  stirrer  was  then  stopped,  and  after  the 
particles  of  salt  had  been  given  a  short  time  to  settle,  a  portion  of  the 
solution  was  withdrawn  by  means  of  a  previously  warmed  pipette,  to 
the  lower  end  of  which  a  small  filtering  tube  containing  glass  wool 
was  attached  by  indiarubber  tubing.  The  solution  thus  removed  was 
at  once  poured  into  one  or  more  small  weighed  Erlenmeyer  flasks  of 
Jena  glass.  These  were  placed  in  an  air-bath  maintained  at  180°  and 
connected  to  a  water-pump  through  a  drying  bottle  containing  strong 
sulphuric  acid.  The  evaporation,  which  was  thus  carried  out  in  a 
vacuum  desiccator  at  180°,  was  continued  until  the  anhydrous  salt 
was  of  constant  weight. 

The  analyses  recorded  in  this  paper  wei*e  all  carried  out  in  this  way. 
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Bieh  •olubilitj  rvsult  coDUioed  in  the  following,  m  well  aa  in  the 
other  tablet,  it  the  mean  of  two  ooncordant  deter minationa  (carried 
out  siniulianeoailj  in  different  solubility  veasels. 

TMDptnttttr  OlO'      1050'      1210'      1875'      1905*     •2210' 


Omototration  (parts  i<\ 
wtight  of  dry  anhydrou*; 
•alt  in  100  parts  by  weight 
ofaolution)    348         37*9  38*2  393  404         42  j) 


The  lowest  temperature  was  obtained  in  a  bath  of  ice  and  water. 

On  attempting  to  make  solubility  measurements  with  this  hydrate 
at  higher  temperatures,  the  solubility  was  found  to  increase  very 
rapidly,  evidently  indicating  its  rapid  approach  to  a  point  of  infinite 
solubility,  that  is,  to  the  true  melting  point  of  the  trihydrate. 

An  approximate  preliminary  estimate  of  this  temperature  was 
obtained  by  melting  the  salt  in  a  tube  and  observing  the  melting  point 
with  an  ordinary  thermometer  ;  the  trihydrate  was  found  to  melt  at 
about  30*^  to  a  perfectly  clear  liquid. 

The  exact  position  of  this  point  and  the  course  of  the  curve  on 
either  side  were  determined  as  follows. 

Solutions  corresponding  to  the  upper  portion,  BC^  of  the  solubility 
curve  of  the  trihydrate  contain  less  water  than  the  crystallised  salt. 
They  are  therefore  obtained  most  readily  by  melting  the  trihydrate  and 
driving  off  a  portion  of  the  water.  The  amount  of  water  expelled  in 
this  operation  must  be  controlled  by  frequent  weighing  in  order  to 
avoid  reaching  the  point  C,  which  would  cause  the  separation  of  the 
next  phase.  Solutions  corresponding  to  points  on  the  right  of  BC  and 
below  C  will  deposit  the  trihydrate  on  cooling.  A  weighed  amount  of 
such  a  solution  of  known  concentration  being  placed  in  a  Beckmann 
freesing-point  tube  fitted  with  thermometer  and  stirrer,  the  tube  was 
allowed  to  cool  until  the  solution  was  slightly  supercooled,  after  which 
the  tube  was  inserted  in  the  air  jacket,  the  latter  being  packed  round 
with  sheep's  wool  contained  in  a  large  beaker.  Crystallisation  having 
been  started  by  the  introduction  of  a  minute  crystal  of  the  trihydrate, 
the  mixture  was  kept  constantly  stirred  and  the  maximum  temperature 
noted,  observations  being  made  for  20 — 30  minutes,  during  which  time 
the  temperature  remained  practically  constant.*  After  a  preliminary 
observation,  more  accurate  experiments  were  made  by  employing  a 

*  The  tecbDiqoe  of  measoremenU  of  this  kind  has  been  recently  developed  by 
F.  A.  Lidbury  {ZeiL  phynkal,  Ckem.,  1903,  89,  453). 
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constant  supercooling  of  05°.  The  first  point  thus  determined  was 
quite  close  to  C.  Lower  points  on  the  curve  were  obtained  by  succes- 
sive  dilutions  made  in  situ.  For  this  purpose,  very  thin  sealed  glass 
bulbs  containing  small  weighed  quantities  of  water  were  introduced 
into  the  tube  and  b;:oken  by  means  of  the  stirrer.  The  temperatures 
thus  determined  on  the  arbitrary  scale  of  the  Beckmann  thermometer 
were  referred  to  the  standard  thermometer  by  comparison  of  the  two 
scales  immediately  before  and  after  the  observations. 

The  melting  point  of  the  trihydrate  (see  point  B  in  the  figure) 
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corresponds  with  a  point  on  the  curve  where  the  tangent  is  vertical, 
and  could  now  be  determined  graphically,  since  points  on  either  side  in 
its  immediate  neighbourhood  were  known  ;  it  was  found  to  be  29*88°, 
a  value  agreeing  sufficiently  well  with  the  direct  determination  of  this 
temperature.  The  following  table  contains  the  results  of  the  experi- 
ments made  in  the  manner  described  above.  These  data  enable  the 
form  of  the  solubility  curve  of  the  trihydrate  in  the  neighbourhood  of 
its  melting  point  to  be  determined  with  considerable  precision. 
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2.  Ttrnperaiwre-Coneeniratum  Data  for  TjNOs.SH^O  in  the 
Ktighbcmrkood  of  iit  Melting  Point. 

Tempemlure  27-65*  29-47'  29-78'  29-87'    JJ-Sfl"    29-64'    29-66' 


OoaoMtntioa  (ptfts  LiNOa' 
per  100  purU  of  tolatioD)..    47*30    63*67    65  09    66-42     66  68     67 '48     68*03 


Solubiiaies  at  Temperatwrea  above  30^. 

Id  the  CMe  of  solubility  measurements  carried  out  at  higher  tem- 
peratures it  was  unsafe  to  employ  a  pipette  in  withdrawing  the 
saturated  solution,  so  the  latter  was  blown  over  into  a  small  weighed 
Erlenmeyer  flask  of  Jena  glass.  To  the  end  of  the  connecting  tube 
which  passed  through  the  rubber  stopper  of  the  solubility  vessel  a 
small  filtering  tube  containing  glass-wool  was  attached  by  indiarubber 
tubing,  the  whole  apparatus  being  completely  immersed  in  the 
thermostat. 

The  solid  phase  employed  in  these  determinations  was  the  semihydrate 
obtained  as  described  previously  by  isothermal  crystallisation  at 
40°.  As  before,  stirring  was  continued  for  a  long  time,  in  order  to 
ensure  complete  saturation  and  also  to  allow  time  for  any  changes 
occurring  in  the  solid  phase.  As  will  be  seen,  such  changes  did  actually 
occur  at  the  higher  temperatures.  The  solubilities  thus  determined 
are  given  in  the  following  table  : 

3.  Solubilities  at  Higher  Temperatures. 


Temperatare 

43-6' 

60 -S* 

66 -0- 

60  O* 

64  *2' 

70*9' 

ConccDtratioD    .                 .  . 

60*8 

61*3 

630 

63*6 

64*9 

66*1 

Concentration  is  expressed  in  the  same  units  as  before,  and  the 
numbers  in  the  lower  line  are  the  means  of  independent  deter- 
minations. On  plotting  these  data  it  was  apparent  that  a  break 
existed  at  about  61°  (see  point  D  in  the  figure.  Owing  to  a  slight 
error  in  **  adjustment "  of  the  curve  CD  shown  in  the  diagram,  the  point 
D  is  represented  as  corresponding  to  a  rather  higher  temperature). 

In  order  to  confirm  the  existence  of  this  transition-point  and  to 
obtain  an  independent  determination  of   its  po&ition,  measurements 
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were  made  with  a  van't  Hoff  dilatometer,  the  arrangements  for 
filling  being  such  that  both  dilatometer  and  paraflBn  were  well 
exhausted  before  the  latter  was  introduced  into  the  capillary.  As  we 
had  reason  to  suppose  that  the  break  in  the  solubility  curve  corre- 
sponded with  a  transition  to  the  anhydrous  salt,  a  little  of  the  latter 
was  added  to  the  slightly  moist  semihydrate  contained  in  the  dilatometer 
bulb.     The  following  is  a  brief  record  of  the  observations  made  : 

Slow  heating  up  to  62*5°  in  thermostat.  Hegular  expansion  at 
62 "5°  sudden  increase  of  expansion. 

Rapid  cooling  to  60*7°.  Ascending  value  not  recovered  ;  remained 
overnight  at  this  temperature;  meniscus  returned  to  original  (ascending) 
point. 

Slow  heating  up  to  62°  ;  expansion  (isothermal)  occurs. 

Contents  of  dilatometer  brought  to  the  state  of  half  transition  as 
recommended  by  van't  Hoff ;  neither  expansion  nor  contraction  at  61° 
during  48  hours.  At  61-4°  an  expansion  of  about  5  mm.  in  the  course 
of  several  hours. 

The  transition-point  therefore  lies  between  60*7°  and  61 '4°,  the 
mean  of  which,  61*05°,  agrees  very  well  with  the  value  obtained  from 
the  solubility  curves.  We  may  therefore  take  61-1°  as  being  a  fairly 
close  approximation  to  the  transition-temperature. 

No  evidence  of  any  further  transition  was  observed,  even  when  the 
dilatometer  was  heated  up  to  90°.  As  the  isothermal  crystallisation 
at  temperatures  of  75 — 90°  invariably  yielded  the  anhydrous  salt, 
there  is  no  doubt  that  the  above  transition-point  corresponds  with 
the  change,  semihydrate  — >-  anhydrous  salt  +  saturated  solution. 

Determination  oj  Point  C, 

The  composition  of  the  solution  corresponding  to  the  maximum 
temperature  point  3  of  the  curve  ABC  is  the  same  as  that  of  the 
trihydrate.  A  corresponding  maximum-temperature  point  for  the 
semihydrate  would  lie  on  the  metast^ble  portion  of  CD  beyond  D. 
The  composition  of  the  solution  represented  by  the  point  C  lies 
therefore  between  the  compositions  of  the  two  hydrates.  Hence  if 
heat  be  removed  from  a  solution  the  composition  of  which  corresponds 
>^'ith  C  it  will  solidify  gradually  (provided  supersaturation  is  guarded 
against)  to  a  mixture  of  the  trihydrate  and  semihydrate.  In  this 
way  an  independent  determination  of  the  position  of  C  was  carried 
out  (its  position  being  already  known  approximately  from  the  solubility- 
curves). 

A  saturated  solution  of  LiN03,}H,0,  contained  in  a  tube  insulated 
by  a  vaouum-vessel  packed  round  with  sheep's  wool,  was  allowed  to  cool 
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•*lowly  to  A  Umperaturv  below  the  Approximate  potition  of  C,  crystal- 
lieatioB  beiof  then  ttAiied  bj  dropping  in  smAll  orystalt  of  both 
bjdialee.  The  thiek  {Mate  thus  obtained  wae  stirred  yigorously  and 
tbe  steady  mAzimum  temperature  noted.  In  this  way  the  temperature 
corresponding  with  C  was  found  to  be  29 '6^ 

CryokydraU- Point  and  fc&-Curv$, 

The  lower  portion  of  the  ice-curve  OA  (from  zero  to  -  2-6**)  was 
determined  in  the  ordinary  way  in  the  Beckmann  apparatus.  Owing 
to  the  highly  deliquescent  nature  of  the  lithium  nitrate,  weighed 
quantities  of  a  solution  of  known  concentration  contained  in  thin 
sealed  glass  bulbs  were  added  to  a  known  weight  of  water,  and  the 
bulbe  broken  by  the  stirrer. 

The  position  of  the  cryohydrate-point  A  was  fixed  by  ascertaining 
the  steady  temperature  assumed  by  a  mixture  of  finely  powdered  ice 
and  LiNO^tdH^O,  contained  in  a  tube  well  protected  from  external 
heating  by  a  packing  of  ice.  The  corresponding  solution  was  also 
analysed.  The  thermometer  employed  was  standardised  at  0°,  and  its 
scale  calibrated  from  0°  to  -20°.  The  cryohydrate -temperature 
determined  in  this  manner  was  found  to  be  -  17*8°. 

Tbe  following  is  a  summary  of  the  quadruple-points,  melting-points, 
and  equilibrium-curves  of  the  lithium  nitrate — water  system.  The 
letters  refer  to  the  diagram  accompanying  this  paper. 

L  Quadruple-points  : 

A.  Cryohydrate-point  of  the  trihydrate  (  -  17*8°). 

C.  Transition-point,  trihydrate  -I-  semihydrate  ^=^  saturated  solu- 
tion (29  6°). 

D.  Transition-point,  semihydrate  ^  anhydrous  salt  +  saturated 
solution  (611°). 

IL  MeUing-poinU : 

0  and  B.  Melting-points  of  ice  and  trihydrate  (29*88^  respectively. 

IIT.  EquUibrium-cutrvet : 

OA,  ABC,  CD,  and  DE,  correspond  with  the  solid  phases,  ice, 
LiNOj.3HjO,  LiNOyJHjO,  and  LiNO,  respectively. 

A  determination  of  the  solubility  of  the  trihydrate  at  10^  (made  at 
an  early  stage  of  our  work)  which  did  not  agree  with  any  subsequent 
determinations  suggested  the  possible  existence  of  another  phase, 
rhermometric  experiments  gave  no  indication,  however,  of  any  break 
in  the  cooling-curve  of  the  system,  LiNO^SH^O  -H  saturated  solu- 
tion. Furthermore,  the  cryohydrate-point  and  the  point  oorresponding 
with  0"  lie  on  a  curve  continuous  with  the  solubility-determinations  at 
hisher  temperatures.     The  solubility -determination  in  question  must 
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therefore  have  been  vitiated  by  some  large  error,  and  accordingly  it 
has  not  been  shown  on  the  diagram. 

In  conclusion,  we  desire  to  express  our  thanks  to  Professor  Ramsay 
for  the  interest  which  he  has  taken  in  our  work. 

Chemical  Laboratory, 

Universitt  College,  Gower  Street,  W. 


Fig.  1. 


XXXVI. — A  New   Vapour  Density  Apparatus, 

By  John  S.  Lumsden,  D.Sc,  Ph.D. 

There  are  two  deductions  from  the  gas  laws  and  Avogadro's  hypothesis 
which  furnish  the  principles  upon  which  are  based  the  methods  for 
determining  the  molecular  weights  of  substances  which  can  exist  in 

the  gaseous  state.  These  are :  (1)  the  mole- 
cular weights  of  all  substances  when  in  the 
state  of  gas,  under  similar  conditions  of 
temperature  and  pressure,  occupy  the  same 
volume;  and  (2)  the  molecular  weights  of 
all  substances  in  the  state  of  gas,  when 
Q       ^^  occupying  the  same  volume  and  at  the  same 

T^r^  iT^S-  temperature,  exert  the  same  pressure. 

JL.^_1J — Ltp^  Methods  based  on  the  first  principle  require 

the  determination  of  that  weight  of  a  sub- 
stance which,  under  like  conditions  of  tem- 
perature and  pressure,  will  occupy  the  same 
volume  as  a  definite  weight  of  a  standard 
substance;  whilst  an  application  of  the  second 
principle  requires  a  determination  of  that 
weight  which,  occupying  a  similar  volume 
and  at  the  same  temperature,  will  exert^the 
same  pressure  as  a  definite  weight  of  the 
standard  substance. 

Two  grams  of  hydrogen  gas  are  taken  as 

the  standard  and,  adopting  0*0899  gram  as 

the  weight  of  1  litre  of  hydrogen  at  0**  and 

^  -  ^^^^^^^^''Sl^^     ^^^  ™°**  pressure,  2  grams  occupy  22*24  litres. 

The  apparatus  here  described  is  based  on 

the  second  principle,  being  an  instrument  of 

constant  volume  in  which  the  temperature  remains  unaltered  during 

the  ezpetiment  and  the  pressure  produced    by  the  vapour  of  the 

substance  is  determined. 

It  consists  of  a  bulb,  A  (Fig.  1),  surrounded  by  a  heating  jacket,  B, 
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%ud  AtUcbed  to  a  maoooMtor,  C.  A  weighed  quaotity  of  MibtlMiMis 
dropped  into  the  bulh^  there  oooTerted  into  vepour,  and  the  preeeore 
meanired  hefore  diffusion  takee  plaoe. 

The  bulb  has  a  capaeitj  of  100  c.c,  and  the  inlet-tube,  A  having  a 
width  of  8  mm.,  has  a  sido>tube  for  the  insertion  of  a  glass  rod  to 
support  the  subetanoe  before  it  is  dropped  into  the  bulb.  A  tube  of 
narrow  bore,  furnished  with  a  three-way  tap,  leads  to  the  manom«t«r. 
Just  below  this  tap  is  fused  on  a  piece  of  wider  tube  of  the  same 
calibre  at  the  measuring  tube  of  the  manometer,  the  measuring  tube 
in  this  ease  being  simply  a  thistle  funnel  graduated  in  millimetres.  A 
mark  E  is  made  on  the  fixed  limb  of  the  manometer  so  that,  the 
mercury  being  raised  to  that  height,  it  will  always  enclose  the  same 
▼olume  of  gas. 

The  heating  jacket  is  provided  with  a  spiral  air  condenser  which 
has  proved  to  be  quite  efficient, as  no  liquid  of  lower  boiling  point  than 
water  is  used. 

Heal  is  obtained  from  a  small  bunsen  flame,  and  an  asbestos  box, 
with  a  hole  in  the  top  and  a  wire  gauze  bottom,  has  been  found  to  be 
an  excellent  support  for  the  apparatus. 

k  It  at  enential  that  the  inlet  tube  where  the  substance  is  placed 
should  be  kept  cool,  and  an  asbestos  card,  resting  on  the  top  of  the 
outer  jacket^  is  used  to  reflect  the  heat  downwards. 

In  order  to  perform  an  experiment,  the  liquid  in  the  outer  jacket  is 
boiled  for  at  least  fifteen  minutes  to  ensure  that  the  whole  apparatus 
has  been  heated  and  the  temperature  is  constant.  The  temperature 
in  the  inside  of  the  bulb  should  then  be  that  of  the  boiling  point  of 
the  heating  liquid,  and  this  should  be  ascertained  by  placing  a  thermo- 
meter in  the  bulb  for  a  few  minutes. 

The  tap  being  open  to  the  air,  the  mercury  is  levelled  to  the  mark, 
and  the  substance  in  a  tiny  glass  capsule  dropped  on  the  support.  The 
rubber  stopper  is  then  inserted,  the  tap  closed  to  the  air,  and  the 
capsule,  being  released  by  turning  the  support,  falls  into  the  bulb. 
While  the  substance  is  being  vaporised,  the  graduated  measuring  tube 
is  raised  to  keep  the  level  of  mercury  near  the  mark.  Within  a 
minute,  the  prepare  becom—  constant,  the  manometer  tubes  are 
placed  eloee  together,  the  merenry  adjusted  accurately  to  the  mark, 
and  the  difference  in  level  in  the  two  tubes  carefully  measured.  This 
reading  is  the  pressure  due  to  the  vapour  of  the  substance.  The 
manometer  tube  may  now  be  returned  to  the  clamp,  the  tap  opened  to 
the  air,  and  the  stoppers  removed.  A  glass  tube  is  then  inserted 
into  the  bulb  and  the  substance  is  cleaned  out  either  by  blowing 
\m  air,  or  better,  by  attaching  the  tube  to  a  pump  and  sucking  out  the 

After  removing  the  tube,  the  spparatus  attains  its  former  tempera- 
[inie  in  ten  minutes  and  is  ready  for  another  determination. 
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When  used  as  an  instrument  to  give  absolute  measurements,  the 
capacity  of  the  apparatus  must  be  known.  This  is  easily  found  by 
filling  the  bulb  and  tubes  with  water  from  a  burette,  or  by  finding 
the  weight  of  the  apparatus  empty  and  then  filled  with  water. 

The  capacity  of  the  bulb,  the  temperature,  and  the  pressure  due  to 
the  vapour,  being  known,  the  molecular  weight  is  deduced  thus : 

If  V  is  the  capacity  of  the  apparatus,  F  the  barometric  pressure^  and 
p  the  increase  in  pressure  due  to  the  vapour  of  the  substance,  the 
volume  causing  pressure  p  is  Vp/F.  For,  volume  V  would  become  with 
the  new  vapour  V(F-\-p)IF  and  the  volume  of  vapour  would  be 
V(P+p)/F-V=VplF, 

This  volume  at  F&nd  f  becomes  at  760  mm.  and  0°,  F;?273/760(^  +  273). 
The  weight  w  of  substance  to  obtain  this  volume  of  vapour  is  known, 
and  as  we  assume  the  molecular  weight  to  be  the  weight  of  substance 
which  occupies  a  volume  of  22*24  litres  at  0°  and  760  mm.  pressure, 
it  is 

22-24(<  + 273)760     w 
ms  '  p  ' 

or  the  molecular  weight  =  Kwjp. 

As  V  is  constant  for  the  same  apparatus,  K  varies  directly  as  the 
absolute  temperature. 

The  simplicity  of  this  method  for  determining  molecular  weights  is 
apparent.  No  barometric  reading  is  necessary,  only  the  change  in 
pressure  requires  to  be  measured.  When  the  constant  is  found  and 
the  substance  weighed,  the  actual  experiment  does  not  occupy  more 
than  two  minutes  and  the  molecular  weight  may  be  calculated  in 
another  two  minutes. 

The  following  are  some  of  the  values  found  for  a  series  of  successive 
experiments : 


Mol.  wt. 
calculateii. 


Heating  liquid^  Water.     F  -  1 1 1  -5  c.c.     <  -  1 00°      /©sr.  A"  -  3 1 63. 


Acetone  

00448 

161 

67*66 

67-61 

0  0386 

13-9 

67-63 



Chloroform 

0-0870 

16*2 

118-60 

118-46 

0*0479 

8*4 

11810 



Benxene  .. 

0*0626 

14*0 

77-84 

77*46 

00877 

10*1 

77-82 

Ether 

00461 

12-9 

74  03 

73-52 

00610 

1 

14*4 

73-36 

— 
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Mol.  wt. 
calenUtod. 


fftUing  iiquid^J^UfU.     r-113.     <-138''.     ^^.  A"- 3525. 


W.ter 


0-0514 
0O680 
0-0236 
0-0104 


12-6 
18  0 
28  7 
20-S 


91-85 
91*81 
18-44 
18-19 


91-87 
17-88 


H§aimg  liquid-'Anilim.     F-113.     <-183^     log,K^  3077, 


Ethylene  dibromide 
Aniwlc 


00796 
01181 
00545 
0-0599 


10-7 
15-1 
12-6 
18-9 


186-1 
187-2 
108  1 
107-4 


186-54 
107-25 


Emtimg  liquid^A^Urobemene.     r-ll3.     <-206^     log.K^i\90. 


rhonil    .. 
'.niline    .. 


0-0580 
0*0656 
0-0586 
0  0552 


14*9 
185 
15-2 
15-7 


93-35 
98  05 
92-55 
92-26 


93-34 
92-89 


Heating  liquid — Quinofine.     F^llS.     <»230^.     ^. A' =4403. 


ATnphor 

Naphthmlene 


0-0550 
0-0682 
0-0875 
0-0864 


10  0 

12-4 

8-1 

7  9 


151-6 
151-6 
127  6 
1270 


150  98 
127-10 


The  accuracy  of  the  results  depeuds  Terj  much  on  the  rapidity 
with  which  the  substance  is  vaporised,  aud  this  is  the  more  important 
nailer   the   molecular   weight,  siuce  a  vapour   which  diffuses 
idlj  may  reach  the  colder  part  of  the  apparatus  before  a  meaiure- 
mt  of  pressure  can  be  made. 

In  order  to  increase  the  rate  of  vaporisation,  the  temperature  of 
heating  liquid  should  be  not  less  than  30°  to  40°  above  the  boiling 
tint  of  the  subetance.  It  i^nlso  advantageous  to  weigh  the  substanoe 
an  open  thin  glass  ei^>sule  provided  only  with  a  cap  (Fig.  1,  F). 
le  capsule  is  placed  in  a  hole  in  a  cork  while  being  weighed,  and 
itil  it  is  dropped  into  the  neck  of  the  apparatus  the  cap  is  kept  on. 
ily  very  volatile  substances  need  be  weighed  in  a  stoppered  tube. 
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When  the  capsule  drops  into  the  bulb,  it  may  fall  in  such  a  way 
that  it  is  rapidly  emptied,  but  it  may  also  lie  on  the  bottom  of  the 
bulb  touching  the  glass  at  only  a  few  points,  and  the  liquid  is  slowly 
heated  by  the  surrounding  air.  By  having  a  small  quantity  of  fusible 
metal  in  the  bulb  this  is  prevented  :  the  capsule  falls  on  the  liquid 
metal  so  that  there  is  good  contact  and  the  contents  are  instantly 
expelled. 

At  temperatures  above  200°  the  apparatus  may,  with  advantage,  be 
used  as  a  comparative  instrument. 

A  quantity  of  a  substance,  the  molecular  weight  of  which  is  known, 
is  dropped  into  the  bulb,  and  from  the  pressure  obtained,  the  pressure 
which  the  molecular  weight  in  milligrams  would  produce  is  found. 
This  may  be  called  the  molecular  pressure. 

A  portion  of  a  substance,  the  molecular  weight  of  which  is  required, 
is  then  dropped  into  the  bulb,  and  from  the  pressure  produced,  the 
weight  in  milligrams  which  would  cause  the  molecular  pressure  is 
calculated.     This  corresponds  to  the  molecular  weight. 

The  best  substance  to  use  for  comparison  is  sodium  hydrogen 
carbonate.  When  this  is  heated,  two  molecules  give  one  molecule  of 
carbon  dioxide  and  one  molecule  of  water,  or  one  molecular  weight  of 
sodium  hydrogen  carbonate  gives  one  molecular  volume  of  gas.  The 
decomposition  is  rapid  and  complete,  and  as  there  is  no  possibility  of 
change  in  composition  of  the  products  at  a  high  temperature  this  is  a 
better  comparison  substance  than  any  organic  compound. 

The  following  example  of  the  determination  of  the  molecular  weight 
of  mercury  will  explain  the  method:  19*6  milligrams  of  sodium 
hydrogen  carbonate  dropped  into  the  bulb  produced  a  pressure  of 
9"8  cm.,  the  molecular  weight,  83*43  mg.,  will  produce  a  pressure  of 
41-72  cm. 

51 '4  milligrams  of  mercury  dropped  into  the  bulb  at  the  same 
temperature  caused  a  pressure  of   10*8  cm.     The  weight  of  mercury 

which  would  produce  a  pressure  of  41 '72  cm.  is  therefore  f^r-j — 

10*0 

198 "6  mg.    The  true  molecular  weight  of  mercury  is  198*8. 

In  using  this  comparison  method,  neither  the  capacity  of  the  appar- 
atus nor  the  temperature  requires  to  be  known,  the  only  essential 
being  that  the  temperature  must  remain  constant  for  ten  minutes  to 
allow  of  both  substances  being  vaporised  under  similar  conditions. 

The  work  may  be  still  further  simplified  where  a  liquid  of  constant 
boiling  point  can  be  used  as  the  heating  agent.  Since  the  pressure 
produced  by  the  molecular  weight  in  milligrams  is  constant  for  the 
same  temperature,  it  need  only  be  determined  once,  and  then  the  com- 
parison substance  is  no  longer  required.  The  molecular  pressures  may 
also  be  found  for  a  series  of  temperatures,  and  a  temperature-pressure 


4 


LU1C8DSN:   A   NEW  VAPOUR   DENSITY  APPARATUa 


»i7 


ear?e,  which  is  a  straight  line,  prepared  for  the  instrument.     With 

the  aanetaooe  of  such  a  ourve,  when  the  temperature  in  the  apparatus 

has  been   foand   by  a  thermometer  and  the 

corresponding  molecular  pressure    noted,   the 

moleoolar  weight  is  got  by  simply  measuring 

Uie  pressure  produced  by  a  weighed  portion  of 

the  subManoe. 

The  apparatus  shown  in  Fig.  2  was  em- 
ployed .  for  yaporising  substances  at  high 
temperatures.  It  consists  of  two  concentric 
tubes  screwed  to  an  iron  sole.  The  outer 
tube  is  of  stout  iron,  nnd  the  inner  one  of  thin 
brass.  Between  the  tubes,  tin,  lead,  zinc,  or 
antimony  may  be  placed  to  act  as  the  heat- 
ing liquid.  The  bulb,  embedded  in  aluminium 
powder  or  zinc  dust,  occupies  the  inner  tube. 
Heat  is  obtained  from  a  ring  burner,  and 
the  upper  part  of  the  apparatus  is  protected 
by  interposing  sheets  of  asbestos. 

When  the   metal   is   melted,  by  regulating 
the  burner  the  temperature  can  be  kept  con- 
stant for  an  hour.     Using  this  apparatus  with  melted  lead  as  the 
heating  agent,  the  following  results  were  obtained  : 


NtHCX) 


0  0509        24-2 


Anthracene 0*0410  9*2 

Diphenyl 0-0878  9*8 


MoL  press.  ^=39  68  cm. 
ATtr/;?.        Mol.  wt.  calcalated. 
176-8  176-74 

153  1  162-92 


I 


NaHCO, 

.     00474 

221 

^"=38-90  cm. 
Kwlp.        MoL  wt.  calculated. 

KaphUuleue 

.     0  0540 

16-6 

126  6                   127  1 

NaHCO, 

0  0508 

24*2 

^=89-75  cm. 
Kyolp.        MoL  wt  calculated. 

Pheneothrene  . 

.     0  0448 

101 

176-3                   176-74 

KaUCO, 

0-0220 

10-6 

^=40-21  cm. 
Kxclp.        MoL  wt  calculated. 

M ercoric  chloride  .... 

....     0-()999 

14-9 

269-6                    269-16 

NaHCO, 

00196 

9-8 

ir=41-72cra. 
Kv>lp.        Mol.  wt  calcalated. 

MercniT 

0-0514 

10-8 

198-6                   198-8 
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p- 

12-5 

^=42  06  cm. 
Weight  with 

Kwlp. 

5H2O.       CaS04,5HjO. 

17-9 

49-79 

248  95            247  85 
Weight  with 

2H,0.       BaCI„2H,0. 

15-3 

120-0 

2400              242-5 

Fio.  3. 


Bsttmation  of  Water  of  CrysUUlisation. 


NaHCOa  ••• 0-0248 


Copper  sulphate  crystals..     0*0212 


Bariuni  chloride  crystals.     0  0444 

As  the  measurement  of  the  change  in  pressure  due  to  the  vapour  of 
a  substance  is  all  that  is  required  in  order  to  determine  the  molecular 
weight,  it  does  not  matter  what  the  pressure  in  the  bulb  of  the  appar- 
atus may  be  before  an  experiment.    Hence  a  substance  may  be  vapor- 
ised under   diminished    pressure.     The  ap- 
paratus arranged  for  this  purpose  is  shown 
in  Fig.   3,  where  the  horizontal  arm  of  the 
three-way    tap    is   connected   with    a    fixed 
manometer  and  the  bulb  may  be  exhausted 
by  the  vertical  tube. 

To  perform  an  experiment,  the  bulb  is 
heated,  the  weighed  substance  placed  on 
the  support,  and  the  rubber  stopper  in- 
serted. The  tap  is  fully  opened,  and  the 
pressure  in  the  bulb  being  reduced  to  the 
desired  amount,  the  clip  on  the  exhaust 
tube  is  screwed  tight.  The  level  of  the 
mercury  in  the  open  limb  of  the  manometer 
having  been  noted,  the  capsule  is  dropped 
in  and  the  mercury  reservoir  raised  to  keep 
the  capacity  of  the  bulb  constant.  In  less  than  a  minute  the  substance 
is  vaporised  and  the  new  level  of  the  mercury  is  noted.  An  apparatus 
for  finding  molecular  weights  under  diminished  pressures,  similar  in 
principle  to  this  but  much  larger  and  less  sensitive,  is  described  by 
Bleier  and  Kohn  {G/iem.  Centr.,  1899,2,  737). 

The  following  results  were  obtained  with  nitrobenzene  as  the  heating 


liquid,  and  sodium  hydrogen  carbonate  to  get  the  molecular  pressure. 
Molecular  pressure  Jr»  24-23  cm. 


prodaceQ^-;i;j;;.;i;-;;; 

same  tempe 

pariBon  substanv. 

also  be  found  for  a  r 


00870 
0  0469 
0-0418 
0-0682 


8-5 
7  1 
8-0 
8-6 


Kw/p. 


105  4 
1601 
126-6 
161-7 


Mol.  wt. 
calculated. 


106  85 
159  78 
12710 
160-98 
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Anj  of  the  above  forms  of  the  Ap|>Anitnii  mav  be  used  filled  w{th 
an  inert  gas  instead  of  air. 

The  inlet  tube  for  the  gas  parses  to  the  bottom  of  the  bulb  and  may 
be  eioeed  with  a  clip,  the  tap  shut  to  the  air,  and  the  experiment  con- 
ducted in  the  U8ual  way. 

The  adaptability  of  this  apparatus  for  different  temperatures  and 
preeiulee,  iU  accuracy— at  least  equal  to  a  Victor  Meyer  apparatus — 
its  small  site  and  cheapness,  the  spned  with  which  the  experiment  is 
done,  and  the  simplicity  of  the  calculation,  make  it  a  most  useful 
instrument  for  ordinary  work  in  the  laboratory. 

UvnrxRsmr  Coluoi, 

DrXDEK. 
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XXXVII. — A    New  Form    of  Pyrometer. 

By  John  S.  Lumsden,  D.Sc.,  Ph.D. 

iSiNGB  the  pressure  exerted  by  a  given  volume  of  gas  varies  as  the 
absolute  temperature,  if  the  pressures  at  two  temperatures  are 
measured  and  one  temperature  is  known,  the  other  can  be  calculated. 
For  short  ranges  of  temperature,  an  air  thermometer  of  constant 
volume,  connected  with  a  mercury  gauge,  may  be  used 
to  measure  the  pressures  produced  at  the  known  and 
unknown  temperatures ;  but  such  an  instrument  cannot 
be  employed  if  there  is  much  difference  between  the 
temperatures,  owing  to  the  great  expansibility  of  air. 

This  difficulty  may  be  overcome  and  any  temperature 
found  by  using  a  modification  of  the  apparatus  de- 
scribed in  the  preceding  paper.  The  annexed  drawing 
ahows  a  tube  of  convenient  length  and  about  one  centi- 
metre in  diameter,  ending  in  a  bulb  with  a  capacity  of 
100—200  C.C. 

The  top  of  the  tube  has  a  branch  for  in^rting  a 
support  for  a  capsule  containing  a  substance  which  is 
to  be  vaporised,  and  a  narrow  tube  leads  to  a  mano- 
meter. 

When  the  substance  is  dropped  into  the   bulb,   the 
vapour  produced  compresses  the  air  above  it,  but  the 
bulb  being  many  times  larger  than  the  volume  of  the 
vapour,  there  is  not  much  displacement  of  heated  air,  and  the  pressure 
developed  can   be  measured  before  the   vapour   diffuses   to   a   place 
where  condensation  could  take  place. 
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With  such  an  instrument,  containing  air  at  the  atmospheric  pres- 
sure, when  equal  weights  of  a  substance  are  dropped  into  the  bulb  at 
different  temperatures,  the  pressures  produced  are  proportional  to  the 
absolute  temperatures.  This  is  the  same  law  as  for  the  air  thermo- 
meter, but  the  principle  is  readily  seen  to  be  different. 

There  is  no  limit  to  the  range  of  the  instrument  so  long  as  the 
capacity  remains  unaltered,  and  it  thus  forms  a  simple  pyrometer  by 
which  temperatures  may  be  ascertained  with  an  accuracy  of  a  few 
degrees. 

To  use  the  apparatus,  the  pressure  produced  by  a  weighed  quantity 
of  substance  at  a  known  temperature  is  first  determined.  This  is  done 
by  heating  the  instrument  in  the  vapour  of  a  constant-boiling  liquid 
or  by  other  means,  and  measuring  the  pressure  produced  when  a  weighed 
quantity  of  substance  is  vaporised  in  the  bulb. 

This  determination  has  only  to  be  made  once,  and  it  might  be  done 
by  the  maker  of  the  instrument,  who  would  supply  the  iLformation  with 
respect  to  temperature  and  pressure.  The  bulb  is  now  placed  where 
the  unknown  temperature  has  to  be  found,  and  the  pressure  produced 
from  a  weighed  quantity  of  substance  is  measured.  The  pressures 
produced  at  the  two  temperatures  from  equal  weights  of  substance  are 
then  calculated,  and  these  are  proportional  to  the  absolute  temperatures. 
An  example  will  explain  the  process  : 

The  bulb  was  heated  in  the  vapour  of  boiling  quinoline  at  230° 
and  0  0439  gram  of  sodium  hydrogen  carbonate  dropped  in.  The 
pressure  developed  was  14*5  centimetres,  or  one  gram  would  produce 
a  pressure  of  3303  centimetres. 

The  bulb  was  then  placed  in  melted  lead,  and  0  0509  gram  of 
sodium  hydrogen  carbonate  caused  a  pressure  of  24 '2  centimetres. 
The    pressure    for   one    gram    was,    therefore,     475-4    centimetres. 

plpy^ - r/^i, T^  =  ^^475"!/^^ " '^24-1,  or  the  lead  had  a  temperature  of 

451°. 

If  the  internal  volume  of  the  instrument  is  known,  the  temperature 
of  the  bulb  may  be  found  without  performing  a  comparison  experi- 
ment at  a  known  temperature  if  a  substance  of  definite  molecular 
weight  is  used  to  produce  the  vapour.  Let  a  weight  to  of  a  substance 
having  a  molecular  weight  M  be  vaporised  in  an  instrument  of 
volume  V  and  produce  a  pressure  />,  the  temperatui*e  of  the  vapour  is 
found  from  the  following  considerations  : 

The  pressure  in  the  instrument  increases  from  the  barometric 
pressure  P  to   P+;>,   the   volume   at   pressure   P  would   therefore 

increase  from  V  to     '       ^^\  and  the  vapour  would  have  a  volume  of 
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^  p  ^'  -  ^""-p-    Thil  Tolume  at  P  aod  «®  beoomet  at  760  mm.  aod 

•760* 
The  volume  of  gas  prodaced  from  a  weight  t^  of  a  substance  having 

a  molteoUr  weight  M  is  — -~—  at  760  mm.  and  0^ 

W«  have  now  the  two  volumes  occupied  by  a  gas  at  0^  and  ^,  under 

the  same  pressure,  and  these  volumes  being  proportional  to  the  abso- 

Vlf  27S         « 
lute  temperatures,  (<°  +  273)  -     '^^  ^'^^^  .  ^  ,  or  for  the  same  instru- 

22*24  X  760      to 

ment  and    using   the   same   substnnce  to  produce   the  vapour,  t°» 
h'l  -  273. 

•0 

Example :  Experiment  to  find  the  boiling  point  of  quinoline. 
0*0364  gram  of  naphthalene,  molecular  weight  127*1,  vaporised  in  a 
bulb  of  113  CO.  capacity,  heated  by  the  vapour  from  boiling  quinoline, 
caused  a  pressure  of  7*9  centimetres  of  mercury.  Using  the  above 
formula,  <«- 603*4 -273 -230*4°.     The  quinoline  boiled  at  230°. 

Sodium  hydrogen  carbonate,  contained  in  a  little  capsule  of  lead 
foil,  is  a  good  substance  to  use  for  the  production  of  vapour.  The 
lead  melts  and  the  powder  is  instantly  decomposed.  Any  other 
sabstaiioe  giving  a  vapour  may  be  used,  but  the  best  material  would 
be  one  from  which  a  permanent  gas  was  evolved. 

The  bulb  of  the  apparatus  may  be  made  of  glass,  porcelain,  or 
metal,  and  may  have  any  convenient  shape.  The  error  due  to  ex- 
pansion of  the  bulb  is  small,  as  an  increase  of  1  c.c.  on  a  bulb  of 
100  c.c.  would  only  alter  the  result  about  2°,  and  this  would  be  pro- 
portionately less  the  larger  the  bulb. 

UirivxasrrT  Collbgs, 

DUXDIR. 


XiXVIII. — The  aP'Dimethylglutaric  Acids,  and  t/ie 
Separation  of  cis-  and  tra,nS'Form8  of  Substituted 
Glutaric  Adds. 

By  JocELTM  Field  Thorpe  and  William  J.  Young. 

Op  the  four  pot«ible  forms  of  dimethylglutaric  acid,  the  oa'-derivative, 
C02U*CH(Me)-CH2*CH(Me)-C02H,  in  its  cU-  and  transforms,  and  the 
^)3-acid,  CO,K*CU2*C(MeVCU2-C02H,  have  already  been  known  for 
a  considerable  time,  whilst  the  aaacid,  CO,H*C(Me)2*CH,*CU,*C02lI, 
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wliiih  was  lil•^L  piepaied  from  Me*CO*C(Me).^'CH2'OHj*C02H,  by 
treatment  with  alkaline  bromine  solution  (Tiemann,  Ber,,  1895,  28, 
2176  ;  Pel  kin,  Trans.,  1898,  73,  846),  has  now  been  synthesised  from 
ethyl  aa-dimethylacetonedicarboxylate  by  reduction,  first  with  sodium 
amalgam,  and  then  with  hydriodic  acid  (Perkin  and  Miss  Smith,  this 
vol.,  p.  8),  and  its  constitution  thus  not  only  clearly  established,  but 
its  properties  thoroughly  investigated. 

The  a^-acids,  C02H-CH(Me)-CH(Me)-CH2-C02H,  on  the  other  hand, 
have  only  been  very  imperfectly  investigated. 

By  the  action  of  ethyl  sodiomethylmalonate  on  ethyl  y-chlorobutyrate, 
Montemartini  {Gazzetta,  1896,  26,  ii,  280;  Ber.,  1896,29,  2058)  ob- 
tained a  mixture  of  two  acids,  one  of  which  melted  at  63^,  whilst  the 
other  consisted  of  a  syrup,  which  showed  no  tendency  to  crystallise. 

The  former  he  identified  as  a-methyladipic  acid,  and  the  latter  he 
considered  to  be  ap  dimethylglutaric  acid,  owing  to  the  fact  that  he 
prepared  the  same  syrup  by  adding  hydrocyanic  acid  to  ethyl  ^-methyl- 
levuliuate,  MeCO'CHMe'CHg'COgEb,  and  reducing  the  hydrolysed 
nitrile  with  hydriodic  acid. 

His  acid  boiled  at  200°  under  diminished  pressure,  undergoing  at  the 
same  time  partial  conversion  into  a  liquid  anhydride  ;  he  also  prepared 
the  anilic  acid  and  the  anil,  both  of  which  were  liquids  at  the  ordinary 
temperature. 

Another  a^-dimethylglutaric  acid  is  described  by  Blaise  (BtUl.  Soc, 
chim.y  1896,  [iii],  16,  1238),  who  prepared  it  by  the  action  of  potassium 
cyanide  on  dimethyl-2  :  3-butanolid  ;  it  melted  at  82—83°,  and  yielded 
an  anhydride  boiling  at  275 — 283°,  which  gave  an  anilic  acid  melting 
at  147—148°. 

The  difficulty  in  synthesising  glutaric  acids  substituted  both  in  the 
a-  and  ^-positions  is  explained  by  the  fact  that  the  ordinary  methods 
for  preparing  alkyl  glutaric  acids  by  the  aid  of  ethyl  malonate  do  not 
succeed  ;  thus,  neither  ethyl  sodiomethylmalonate  nor  ethyl  cyano- 
propionate  react,  under  the  usual  conditions,  with  ethyl  salts  of  oj8-un- 
saturated  acids  to  form  condensation  products ;  further,  the  products 
derived  from  the  action  of  ethyl  sodiocyanoacetate  or  ethyl  sodio- 
malonate  on,  for  example,  ethyl  ^  methylacrylate,  and  which  therefore 
contain  the  complex  -CH(C02Eb)j  or  -CH(CN)-C02Et,  do  not  react 
with  Bodium  ethoxide  to  form  sodium  derivatives  (Perkin  and  Thorpe, 
Trans.,  1899,  76,  60). 

In  a  previous  paper  (t6u2.),  it  was  shown  that  although  ethyl  pft-di- 
methylpropanetricarboxylate,  (C02Et)2«CH*C(Me)j«CH,-COgEt,  does 
not  react  with  sodium  ethoxide,  and  therefore  cannot  be  used  in  the 
preparation  of  ethyl  a^SyStrimethylpropanetricarboxylate, 

CMe(C0jEt)2-CMe,-CH,-C0,Et, 
yet,  by  taking  advantage  of  the  fact  that  a  sodium  compound  is  the 
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timt  product  foriu&ii  in  the  oODdenftaUwi.  ^i  ethyl  soUuiui.dwtjnM^  %nd 
•ibjl  dimethjlAcryUte,  a  ^ood  yield  of  the  methyl  deri^Ative  oould  be 
obUined  by  treaiiog  tbit  sodium  compound  directly  with  methyl  iodid#. 
It  WAS  further  shown  that  the  substitution  of  ethyl  cyAnoacetate  for 
ethyl  mftlonate  in  theee  reactions  considerably  increaaed  the  yield  of 
the  condensation  product. 

In  this  way,  the  syntheses  of  a/9^-trimethylglutario  Acid,  of  eis-  and 
frtnu-methylifopropylglutaric  acidi*,  and  of  oa/S^-tetramothylglutaric 
acid  wera  effected  (Trans.,  1901,  77,  939). 

On  applying  this  method  to  the  preparation  of  the  a)3-dimetbyl- 
glutaric  acids,  we  found  that  a  good  yield  of  the  triethyl  salt  from 
which  they  can  be  derived,  namely,  ethyl  a-€yano-o)3-dimethylglutarate, 
CJ0,EfCMe(CN)*CHMe-CH3«C0jEt,  could  be  obtained  by  treating 
tbeaodinm  compound,  derived  by  the  condensation  of  ethyl  sodiocyano- 
aeetate  and  ethyl  /3-methylacrylate,  with  methyl  iodide. 

Our  chief  reason  for  desiring  to  prepare  this  ethyl  salt  was  in  order 
to  study  its  behaviour  on  hydrolysis.  We  have  already  shown  (Trans., 
1900,77,  928)  that  on  hydrolybiug' those  ethyl  cyano-salts  which  should 
yield  mixtures  of  cis-  and  <ran«-forais  of  alkylglutaric  acids,  a  con- 
▼•oieDt  method  of  separation  lay  in  taking  advantage  of  the  ease  with 
whieh,  under  certain  conditions,  the  ci«acid amide  passed  into  an  imide 
insoluble  in  a  dilute  solution  of  sodium  carbonate,  leaving  the  trans- 
acid  as  acid  amide  or  as  (raiu-acid. 

a/3-Dimethylglutarimide,  prepared  in  this  way,  melts  at  l]Z°,  and, 
on  hydrolysis  with  dilute  sulphuric  acid,  gives  cw-a)3-dimethylglutario 
acid,  melting  at  87°. 

This  acid  is  apparently  identical  with  that  prepared  by  Blaise,  and 
described  by  him  as  melting  at  82 — 83^^ ;  treated  with  acetyl  chloride, 
it  gives  an  anhydride  boiling  at  255°  (765  mm.),  which,  on  boiling 
with  water,  is  reconverted  into  the  cis-acid  melting  at  87°. 

<ran«-a/3- Dimethylglutaric  acid  is  obtained  from  the  sodium  car- 
bonate washings  of  the  imide. 

We  have  not  been  able  to  prepare  this  acid  in  a  crystalline  con- 
dition ;  repeated  fractionation  of  the  potassium  salt  from  dilute  alcohol 
failed  to  give  any  product  which  showed  the  slightest  tendency  to 
crystallise,  and  in  fact,  in  whatever  way  the  acid  was  prepared,  it  was 
always  obtained  as  an  oil. 

On  treatment  with  acetic  anhydride,  it  is  slowly  converted  into  an 
anhydride,  which,  on  bo^^og  with  water,  is  transformed  into  the  eU- 
acid  melting  at  87° ;  when  the  (ransacid  is  distilled,  water  is  eliminated 
and  an  anhydride  formed,  which  is  identical  with  that  prepared  from 
the  ci«-acid  with  acetyl  chloride. 

The  eis-acid,  on  heating  in  a  sealed  tube  at  180°  for  6  hours  with 
hydrochloricfacid,  is  partially  converted  into  the  trant-tuaid. 
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It  seems  strange  that  this  substance  should  show  so  little  tendency 
to  crystallise,  all  the  other  members  of  this  series  being  well-defined, 
crystalline  solids.  The  acid  is  probably  identical  with  that  prepared 
by  Montemartini,  and  described  by  him  as  a  syrup. 

If  the  methyl-alcoholic  filtrate  and  washings  from  the  potassium 
salt,  mentioned  on  page  356,  are  evaporated  to  dryness  and  the  residue 
boiled  with  water  until  ammonia  has  ceased  to  be  evolved,  an  acid  of 
the  formula  CgHjoOg  is  obtained  on  acidifying  and  extracting ;  this, 
which  is  evidently  ajSdimethylpropanetricarboxylic  acid, 

CMe(C02H)2-CHMe-CH2-C02H, 
melts,  with  evolution  of  carbon  dioxide,  at  168°,  being  transformed 
into  a  mixture  of  cis-  and  <rar»«-a)8-dimethylglutaric  acids;  if  distilled 
under  the  ordinary  pressure,  it  is  completely  converted  into  the  eu- 
anhydride  boiling  at  255°.  The  anilic  acid  prepared  from  this 
anhydride  crystallises  from  dilute  alcohol  in  lustrous  plates  and 
melts  at  149°. 

In  connection  with  the  method  used  by  us  for  the  separation  of  cU- 
and  trans  i or ms  of  substituted  glutaric  acid,  and  which  was  only 
applicable  to  those  acids  which  were  derived  from  the  hydrolysis  of 
ethyl  cyano  salts,  we  have  now  succeeded  in  devising  a  method  which 
appears  to  be  of  general  application. 

The  method  consists  in  heating  the  mixed  ammonium  salts  of  the 
cis-  and  trana-acida  at  a  high  temperature  in  a  sealed  tube,  whereby 
the  ct>-ammonium  salt  is  converted  into  an  imide,  and  the  trans- 
Ammonium  salt  remains  unchanged. 

It  has  already  been  frequently  pointed  out  that  the  separation  of 
eis-  and  trans-iorma  of  these  acids  is  a  matter  of  some  difficulty,  and 
in  order  to  test  the  efficacy  of  our  method  we  have  applied  it,  with  satis- 
factory results,  to  mixtures  of  (1)  cis-  and  /rarw-aa'-dimethylglutaric 
acids,  (2)  cis-  and  /ran«-a-methyl-)3-t«opropylglutaric  acids,  and  (3) 
ei8'  and  iraTw-aa'/SjS-tetramethylglutaric  acids. 

In  the  first  case,  cwaa'-dimethylglutaric  acid,  melting  at  128°,  is 
readily  separated  from  the  product  of  hydrolysis,  but  the  trant- 
modification,  melting  at  141°,  is  not  so  easily  isolated  (AnnaUn,  1895, 
285,  272),  and  for  a  long  time  it  was  thought  that  an  acid  melting  at 
103 — 104°,  which,  in  reality,  is  an  equimolecular  mixture  of  the  ci»- 
and  (ran«  forms,  was  the  <mn«-modification  of  this  acid. 

We  have  now  succeeded  in  separating  these  acids  in  the  following 
way.  The  acid  melting  at  103 — 104°  was  converted  into  the  ammonium 
salt  and  heated  in  a  sealed  tube  at  160°  for  4  hours. 

The  product  was  found  to  consist  of  an  imide  and  a  quantity  of  un- 
changed ammonium  salt.  These  were  separated  by  means  of  ether, 
when  the  imide,  which  melted  at  176°,  gave,  on  hydrolysis,  the  pure 


AND  THE  8BPAIUTI0N  Of  8UB8TITUTED  GLDTARIC   ACIDS.      356 

tfitf-Actd  molting  at  ISB**,  and  the  ammonium  iwlt,  on  acidifying  and 
*  xtr«cting,  yielded  the  pure  <rafW4und  melting  at  UP. 

This  method,  which  therefore  appears  to  be  of  general  application 
to  ncids  of  the  gluUric  aeries,  is  to  be  recommended,  firstly,  because 
ti)  inixture  of  imide  and  ammonium  salt  can  readily  be  feparated  by 
tut-aus  of  ether ;  secondly,  becaose  the  imides  are  substances  which  can 
be  readily  purified  by  recrystalliiiation  from  water;  and,  thirdly, 
because  although  the  <mntammonium  salt  is  gradually  converted  into 
theeif-imide  on  prolonged  heating,  yet  the  ammonium  salt  which  remains 
is  always  the  ammonium  salt  of  the  <ran*-acid,  and  always  yields  the 
pare  acid  on  acidifying. 

Oare  must  be  taken,  however,  that  the  temperature  does  not  rise 
above  180®,  as  at  200°  the  Iran^-ammonium  salt  is  slowly  converted 
into  the  cif-imide,  the  change  being  usually  complete  on  heating  for 
10  hours  at  250°. 

Experimental. 

Etht/l  act/a no-ap-dinielhylglrUaratef 
CO,EL-CMe(CN)-CHMe-CH,-C0,Et. 

In  preparing  ethyl  /3-methylacryIate,  we  made  use  of  the  method 
adopted  by  us  for  producing  similarly  constituted  ayS-unsaturated  ethyl 
salts,  namely,  by  boiling  ethyl-a-bromo-n-butyrate  with  diethylaniline. 

This  reaction  does  not  appear  to  have  been  previously  investigated. 

When  the  two  substances  are  boiled  together  under  the  same  condi- 
tions as  yield  ethyl  /3^-dimethylacrylate  from  ethyl  a-bromoisovalerate 
(Trans.,  1889,  75,  48),  that  is,  by  dissolving  the  unchanged  diethyl- 
aniline in  hydrochloric  acid  and  extracting  the  ethyl  salt  with  ether, 
hardly  any  ethyl  )3-methylacrylate  is  produced,  the  product  consisting 
almost  entirely  of  subHtances  of  higher  boiling  point,  the  nature  of 
which  we  hope,  at  some  future  time,  to  communicate  to  the  Society. 

If,  however,  the  method  described  below  is  adopted,  a  yield  of  35 
per  cent,  of  unsaturated  ethyl  salt  is  produced,  and  in  spite  of  the 
poorness  of  this  yield  we  found  this  to  be  the  most  satisfactory  way  of 
preparing  this  substance. 

Fifty  grams  of  ethyl  a-bromo-n-butyrate  were  boiled  with  75  grams 
of  diethylaniline  for  2  hours,  and  the  contents  of  the  fiask,  which 
solidified  on  cooling,  were  mixed  with  ether  and  filtered  from  the  diethyl- 
aniline  hydrobromide  w||ich  remained  undissolved.  The  ether  was 
then  evaporated  and  the  product  fractionally  distilled  under  the  ordinary 
pressure. 

Ethyl  )3methylacrylate  prepared  in  this  way  boils  at  138 — 140°. 

The  condensation  of  this  ethyl  salt  with  ethyl  sodiocyanoacetate 
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and  the  conversion  of  the  product  into  its  methyl  derivative  were  then 
carried  out  as  follows. 

Ethyl  cyanoacetate  (113  giaius)  was  added  to  the  equivalent  quantity 
(1  mol.)  of  sodium  dissolved  in  alcohol,  mixed  with  114  grams  of  ethyl 
/3-methylacrylate,  and  heated  on  the  water-bath  for  24  hours. 
Excess  of  methyl  iodide  was  then  added  and  the  heating  continued  for 
3  hours  longer. 

The  excess  of  alcohol  and  methyl  iodide  was  separated  and  the  ethyl 
salt  fractionally  distilled  under  diminished  pressure.  The  yield  is 
60  per  cent,  of  that  theoretically  possible. 

Ethyl  a-cyano-aj8-dimethylglutarate  boils  at  185°  (20  mm.)  : 

0-1795  gave  0-3945  CO^  and  01288  H.fi.  C  =  59  93  ;  H  =  7-91. 
^12^19^4^  requires  0  =  59-75  ;  H  =  7-88  per  cent. 

Ill/droll/ sis. — On  mixing  a  cold  solution  of  potassium  hydroxide  in 
absolute  methyl  alcohol  with  an  e  juivalent  quantity  of  this  ethyl 
salt,  a  crystalline  potassium  salt  slowly  separated.  This  was  collected, 
washed  with  methyl  alcohol,  and  dried  in  a  desiccator  over  sulphuric 
acid  : 

01931  gave  0*1276  K.SO^.     K  =  2967. 

C8H904Nk2  requires  K  =  29*88  per  cent. 

It  was  evidently,  therefore,  the  potassium  salt  of  a-cyano-a/?- 
dimethylglutaric  acid. 

a-Cyano-a^-dimethylylutaric  acid,  C02H*CMe(CN)-CHMe-CH2-C03H, 
prepared  from  this  potassium  salt  by  dissolving  it  in  a  little  water, 
acidifying  with  hydrochloric  acid,  and  extracting  with  ether,  is  a  white 
solid,  which  separates  from  a  mixture  of  ether  and  light  petroleum 
(b.  p.  40 — 60°)  in  microscopic  needles,  and  melts  at  132 — 133°  : 

0-2152  gave  0-4005  COj  and  01227  HgO.     C- 51-79;  H  =  6-32. 
CgH^iO^N  requires  0  =  51-89  ;  H  =  5-95  per  cent. 

aP-Dinuithylglutarimide,  CHMe<^2^^[^NH,  is  best  prepared 

by  boiling  a-cyano-a/3-dimethylglutaric  acid  or  its  potassium  salt  with 
concentrated  hydrochloric  acid  until  carbon  dioxide  ceases  to  be  evolved. 
The  product  is  then  diluted  with  water,  extracted  with  ether,  and 
the  extract  washed  with  dilute  sodium  carbonate  solution.  On  evapor- 
ating the  ether,  the  imide  is  obtained  as  a  white,  crystalline  powder, 
which  crystallises  from  water  in  long  needles,  and  melts  at  113° : 

0-2176  gave  17*9  c.c.  nitrogen  at  14°  and  755  mm.     N  -  9-72. 
CyHjiOgN  requires  N  -9*93  per  cent. 

The  tUver  salt,  prepared  by  adding  silver  nitrate  to  a  solution  of  the 
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iinide  made  alightljr  alkaline  with  ammonia,  forms  white,  microscopio 
noivilos  i.ipidly  darkening  on  exposure  to  light : 

01 463  gave  0-0637  kg,    Ag - 4354. 

C|H|QO,NAg  requires  Ag** 43*32  per  cent. 

ciB^  DimHk^utarie  aeid,  COjH'CHMe'CHMe-CHj-COjH.— The 
imi<ie  h  best  hydrolysed  by  boiling  with  a  30  per  cent,  solution  of 
sulphuric  acid  for  2  hours,  the  product  yielding  the  above  acid  on 
extraction  with  ether. 

It  crystallisee  from  concentrated  hydrochloric  acid  in  needles  and 
melts  at  87^ : 

01643  gave  0-3154  COj  and  01143  H,0.     0  =  5285;  H  =  772. 
CyH^O^  requires  0«  52*50  ;  H  =  7*50  per  cent. 

The  nlver  salt  is  obtained  as  a  white,  amorphous  precipitate  on  add- 
ing silver  nitrate  solution  to  a  neutral  solution  of  the  ammonium  salt: 

0  3536  gave  0*2047  Ag.     Ag  =  57*89. 

CyHjoO^Agj  requires  Ag  =  57*75  per  cent. 

The  anhydride  is  rapidly  formed  when  the  e»9-acid  is  warmed  with 
excess  of  acetyl  chloride,  and  remains  as  an  oil  insoluble  in  sodium 
carbonate  solution  on  evaporating  the  solution.  It  distils  at  255° 
(765  mm.)  : 

01023  gave  0*2232  CO^  and  00675  HjO.     C  =  59*40  ;  H - 7*3.3. 
C7H10O5  requires  G  =  5915  ;  H  =  704  per  cent. 

The  anhydride  slowly  dissolves  in  boiling  water,  being  converted 
into  the  ci«-acid  melting  at  87°,  which  can  be  extracted  from  the 
solution  by  means  of  ether. 

tnns-iifi-Dimstht/lglularic  acid,  COjH-CHMe'CHMe'CHj'COjH.— 
As  stated  in  the  introduction,  we  have  been  unable  to  obtain  this  acid 
in  a  crystalline  condition.  It  was  obtained  as  a  gum  on  extracting  the 
sodium  carbonate  washings  of  the  ether  solution  containing  the  imide 
(see  above),  and  was  purified  by  conversion  into  the  copper  salt,  the 
salt  being  decomposed  by  means  of  hydrogen  sulphide.  The  aqueous 
filtrate  from  the  copper  sulphide  was  evaporated  as  far  as  possible 
on  the  water-bath,  dissolved  in  ether,  the  ethereal  solution  dried  with 
calcium  chloride,  and  the  residue  left  on  evaporation  placed  in  a 
vacuum-desiccator  over  sulphuric  acid  for  3  days  : 

0*2354  gave  0*4561  C0|  and  0*1579  H,0.     0-52*84  ;  H-7*45. 
C^H^jO^  requires  0  «  52*50  ;  H  «  7*50  per  cent. 

Amongst  the  many  experiments  tried  in  order  to  obtain  this  acid  in 
a  crystalline  condition  was  the  fractional  precipitation  of  the  potassium 
salt  from  alcohol,  and  in  this  way  five  fractions  were  obtained,  from 
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each  of  which  the  same  syrup  was  isolated,  a  similar  result  attending 
the  conversion  of  the  acid  into  its  barium  salt  by  adding  barium  hydr- 
oxide to  an  aqueous  solution  of  the  acid,  saturating  with  carbon 
dioxide,  filtering,  and  evaporating  to  a  small  bulk. 

The  aniltc  acidf  CHMe\p,Tj  .qq  tt  h  »8  prepared  by  adding 

a  benzene  solution  of  aniline  to  a  benzene  solution  of  the  eis- 
anhydride,  and  separates  from  dilute  alcohol  in  lustrous  plates  melting 
at  149°: 

0-2130  gave  108  c.c.  nitrogen  at  18°  and  764  mm.     N  =  5-8. 
C13H17O3N  requires  N  =  5*9  per  cent. 

a^-D imethylpropane  tHcarhoxylic  acidj 

CMe(C02H)2-CHMe-CH2-C02H, 
is  obtained  from  the  tiltrate  of  the  potassium  salt  (see  page  356)  on 
evaporating  several  times  with  water,  acidifying,  and  extracting  with 
ether ;  it  crystallises  from  dilute  hydrochloric  acid  in  needles,  and  melts 
with  decomposition  at  1 65°  : 

0-2040  gave  0-3543  CO2  and  01058  H2O.     0  =  47-35  ;  H  =  5-76. 
CgHigOg  requires  0  =  47-29;  H  =  5-41. 

This  tribasic  acid,  when  heated  at  200°,  evolves  carbon  dioxide  and 
is  converted  into  a  mixture  of  cis-  and  trans-ap-dimet\iy\g\nt&ric 
acids. 

The  Separation  of  cis-  and  tran8-^orm«  of  Substituted 
Glutaric  Acids. 

Separation  of  cis-  and  trsLUS-aa  •Dimethylgluta^'ic  Acids. 

As  mentioned  in  the  introduction,  a  number  of  mixtures  of  cis-  and 
trans-formB  of  substituted  glutaric  acids  were  subjected  to  a 
treatment  by  which  their  mixed  ammonium  salts  were  heated  in 
sealed  tubes. 

The  first  substance  subjected  to  this  treatment  was  the  mixture  of 
cis-  and  iran«-aa'-dimethylglutaric  acids  melting  at  102 — 103°,  which 
was  for  a  long  time  thought  to  be  the  trart^-modification  of  the  acid. 

This  mixture  was  converted  into  the  ammonium  salt  and  the  dried 
salt  heated  in  a  sealed  tube  at  160°  for  4  hours.  The  semi-liquid  pro- 
duct was  then  treated  with  ether,  it  being  usually  found  most 
convenient  first  to  add  water  and  then  to  extract  the  aqueous  solu- 
tion. The  ethereal  extract,  on  evaporation,  gave  a  solid  residae, 
which,  after  being  once  recrystallised  from  water,  melted  at  173 — 175°  : 

0-1886  gave  16-4  c.c.  nitrogen  at  17°  and  749  mm.     N-9-98. 
CyHiiOjN  requires  N-9-93. 
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It  WM  •videntljr,  therefor*,  the  imide  of  oa'-dimethylglutario  add, 
for  on  boiling  with  a  SO  per  cent  solution  of  Mulphurio  acid  it  waa 
rapidly  hjdroljaed,  and  on  extracting  the  product  with  ether,  euW- 
dimethjlglutarieaeid  melting  at  128®  was  obtained  in  almost  theoretical 
quautiiiea. 

The  aqueous  solution,  after  extracting  with  ether,  was  acidified  and 
again  extracted,  the  ethereal  extract  yielding  a  solid  on  evaporation, 
which,  aft«r  once  recrjstallising  from  water,  melted  at  140 — 1 4 1*'  and 
evidently  consisted  of  pure  tra ;w-aa'-dimethylglutaric  acid  : 

0  2073  eave  0-8976  CO,  and  01 380  H5O.     C-52-32 ;  H-7-39. 
C^HijO^  requires  C  -  5250  ;  H  -  7  50. 

SepanUion  of  ois  ani  tnns^P-Afethj/risopropi/lglutaric  Acids. 

In  this  case,  a  mixture  of  the  pure  cis-  and  ^ra/w-acids  in  equal  pro- 
portion was  taken. 

The  ammonium  salts  were  heated  at  160°  for  4  hours,  the  product 
dissoWed  in  water,  extracted  with  ether,  and  the  residue  left  on 
evAporating  the  ether  recrystallised  from  water,  when  it  was  found  to 
melt  at  114—115°,  evidently  being  the  imide  of  a-methyl-)3t»opropyl- 
glutaric  acid  previously  described  (Trans.,  1900,  77,  946),  since, 
on  hydrolysis,  it  yielded  the  CM-acid  melting  at  137°.  The  <ran«-acid 
melting  at  101°  was  obtained  from  the  aqueous  solution  of  the 
acidified  ammonium  salt. 

The  eia-  and  trana-tucida  recovered  in  this  way  were  in  about  equal 
proportions,  showing  that  under  the  conditions  of  the  experiment  very 
little  <ran«-ammonium  salt  had  been  converted  into  CM-imide. 

An  experiment  conducted  at  180°  for  10  hours  gave  the  proportion 
of  cis  to  irons  as  about  1  :  3,  and  one  at  200°  for  12  hours  as  about 
1  : 5,  showing  that  the  increase  of  temperature  and  duration  of  heating 
rapidly  converted  the  traiw-ammonium  salt  into  civ-imide. 

Separation  of  cis-  and  trKTM-aa  PP-Teiramethylglutaric  Acids* 

In  this  case,  we  experimented  on  the  mixture  of  acids  obtained  from 
the  ethyl  salt  derived  from  the  condensation  of  ethyl  sodiomethyl- 
cyanoaoetate  and  ethyl  dimethylacryUte  (Trana.,  1900,  77,  928). 

Theee  were  converted  into  their  ammonium  salts  in  the  usual  way, 
and  heated  at  160°  for  4  hours. 

On  working  up  the  product  in  the  manner  previoosly  described,  an 
imide  melting  at  108^  was  obtained,  and  was  found  to  be  identical  with 
the  imide  of  aa')3)3-tetramethylglutaric  acid  previously  described  (Trans., 
1900,  77,  942),  since,  on  hydrolysing  with  sulphuric  acid,  it  yielded  ds- 
aa^)3>tetramethylglutaric  acid,  melting  at  140°. 
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<ra7W-aa'^^-Tetramethylglutaric  acid,  melting  at  98°,  was  obtained 
on  extracting  the  acidified  solution  of  the  ammonium  salt  after  the 
extraction  of  the  imide  with  ether. 

This  method  appears,  then,  to  be  of  general  application  to  acids  of 
the  glutaric  series,  and  seems  to  yield  the  cia-  and  trans-  forms  of  these 
acids  in  about  the  same  proportion  in  which  they  exist  in  the  mixture. 

The  Ovvkxs  College, 
ma.nchb8tzr. 


XXXIX. — The  Condensation  of  Phenyl  Ethyl  Ketone 
{Propiophenone)  with  Benzylideneacetophenone  and 
of  Acetophenone  with  Benzylidenepropiophenone, 

By  KoBERT  DuNcoMBE  Abell,  Ph.D.  (Leipzig),  B.Sc.  (Wales),  1851 
Exhibition  Scholar  of  the  University  College  of  North  Wales, 
Bangor. 

Under  the  condensing  influence  of  sodium  ethoxide,  phenyl  ethyl 
ketone  unites  with  benzylideneacetophenone  in  two  proportions  yield- 
ing : 

i.  1  : 3-Dibenzoyl-2-phenyl-l-methylpropane, 

Me-CHo-COPh  Me-CH-COPh 


+     Ph-CH  =  Ph-(jJH 

CH-COPh  CH^-COPh 

ii.  1:3: 5-Tribenzoyl-2  :  4-diphenyl-l-methylpentane,  the  production 
of  which  may  be  regarded  as  being  due  to  the  union  of  1  mol.  of 
1  : 3-dibenzoyl-2-phenyl-l-methylpropane  with  1  mol.  of  benzylidene- 
acetophenone : 

Me-CHj-COPh  Me-(JJH-COPh  Me-(j3H-C0Ph 

+    Ph-CH  Ph-CH  Ph-(^H 

CH-COPh  -  CH,-COPh  -  (jJH'COPh    . 

+    Ph-CH  +   Ph-CH  Ph-CH 

CH-COPh  (JH-COPh  CH,-COPh 

It  is  conceivable  that  this  triketono  might  again  unite  with  a 
molecule  of  benzylideneacetophene,  but  so  far  the  formation  of  such 
tetraketones  has  not  been  observed. 

The  coDdensation  of  phenyl  ethyl  ketone  with  benzylideneaceto- 
phenone takes  place  almost  entirely  in  the  manner  indicated. 

The  diketone,  1  :  3-dibenzoyl-2-phenyl-l-methylpropane,  reacts  with 
bydrozylauiine  to  form  a  diozime,  C,4Hj40jNj,  and  with  hydrozyUmine 
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hydrochloride   to    givt  [rite    toj  1?     4     •'•  'riilM'ny!  3-iuoth}  ly^^''^"". 

Acetophenone  and  benxylideDepropiophenotie  should  aliio  coniltiIi^e 
in  molecuUr  proportionn  to  give  the  same  or  a  stcrroisoineric  I  :  3- 
dibeDsoyl-2-pheiiyl-l-methyIpropiine. 

Further,  1  niol.  of  acetophenone  nhould  conden.se  witli  J  inoU.  of 
benxylidenepropiophenono  to  form  1:3:  5-tribeQZoyl-2  :  4-diphenyl-l  :  6- 
ditnvthylpentane. 

Ph-COCHMeCliPh-CH(C0Ph)-CHPh-CHMe-C0Ph, 
the  formation  of  which  may  aUo  take  place  by  the  condensation  of 
I    mol.    of    1  : 3-dibensoyl-2-phenyl-l-methylpropane    with    1    mol.   of 
beniylidenepropiophenone. 

The  condensation  of  acetophenone  with  benzylidenepropiophenone 
does  not,  however,  take  place  as  represented  above. 

When  sodium  ethoxide  (20  per  cent,  solution)  was  used  as  condensing 
reagent,  the  following  substances  were  obtained  :  (i)  1  :  3dibenzoyl- 
2-phenyl-l  :  3-dimethylpropane,  Cj^Hg^Oj,  m.  p.  162—163°,  six-sided 
crybUls  (Trans.,  1901,  79,  936)  ;  (li)  prisms,  m.  p.  93—94°,  a  mixture 
of  two  homologous  1  :  5diketones,  namely,  1  :  3-dibenzoyl-2-phenyl- 
propane  and  1  :  3-dibenzoyl-2-phenyM-methylpropane,  which  could  not 
be  separated  by  crystallisation,  but  which  were  identified  by  means  of 
the  corresponding  dioximes  and  pyridines ;  (iii)  1  :  3-dibenzoyl-2-phenyl- 
1-methylpropane,  Cj^HjjOj,  prisms,  m.  p.  103*5 — 104*5°;  (iv)  1  :  3  :5- 
tribensoyl-2  :  4«diphenyl-l-metbylpentane,  CggHg^O,,  rhombic  plates, 
m.  p.  241—242°  ;  (v)  1  :  3  :  5-tnbenzo)  1-2  :  4-diphenylpentane,  CjjHjjO,, 
acicular,  glistening  prisms  aggregated  in  rosette.^,  m.  p.  255 — 256^ 
(Kostanecki  and  Rossbach,  Ber.,  1896,  29,  1492);  (vi)  benzoic  acid 
in  very  small  quantity,  which  was  separated  by  distillation  with 
steam  from  (vii)  a  pink-coloured,  viscid,  acid  liquid,  which  is  formed  in 
too  small  a  quantity  to  investigate. 

In  this  condensation  the  first  separation  of  oil  or  crystals  only  takes 
place  after  some  days,  and  even  after  14  days  some  unchanged  sub- 
stance remained,  whilst  a  quantity  of  resin  was  always  formed  along 
with  the  other  products  of  the  reaction. 

The  condensation  is  conseqaently  not  so  direct  as  that  which  takes 
place  between  phenyl  ethyl  ketone  and  benzylideneacetophenone,  and 
this  appears  to  be  due  to  the  ease  with  which  benzylidenepropiophenone 
is  decomposed  into  phenyl  ethyl  ketone  and  benzaldehyde  by  means  of 
sodium  ethoxide.*  Thi%  fact,  combined  with  the  knowledge  that 
benzylideneacetophenone  is  decomposed  by  nlkalis  (Kostanecki  and 
Tambor,  Ber.,  1896,  29,  1425),  explains  the  formation  of  the  above- 
named  bubstaoces. 

After  the  mixture  has  stood  for  a  short  time  the  benzylidenepropio* 
*  The  aathor  hopes  shortly  to  commanicate  a  paper  on  this  subject. 
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phenone  is  decomposed  in  part  to  phenyl  ethyl  ketone  and  benzaldehyde, 
consequently  condensation  occurs  between  acetophenone.benzylidenepro- 
piophenone,  phenyl  ethyl  ketone,  and  benzaldehyde,  so  as  to  give  the 
substances  which  have  been  isolated.  A  small  portion  of  the  benzalde- 
hyde is  oxidised  to  benzoic  acid,  whilst  the  formation  of  the  unknown 
acid  and  the  resin  is  due  to  a  more  obscure  reaction. 

Under  the  influence  of  sodium  ethoxide  suspended  in  dry  ether,  the 
condensation  of  acetophenone  and  benzylidenepropiophenone  follows 
much  the  same  course  as  in  alcoholic  solution.  A  larger  quantity  of 
resin  is,  however,  formed. 

With  an  alcoholic  solution  of  sodium  hydroxide  the  following  sub- 
stances were  isolated  :  (i)  1  :  3-dibeDzoyl-2-phenyl-l  :  3-dimethylpropane, 
Cg-^Hg^Og,  six-sided  crystals,  m.  p.  162 — 163°;  (ii)  the  mixture  of  the 
homologous  diketones,  1  :  3-dibenzoyl-2-phenylpropane,  CjjHgoOj,  and 
1  :  3-dibenzoyl-2-phenyl-l-methylpropane,  C24H22O2 ;  (iii)  unchanged 
acetophenone  and  benzylidenepropiophenone. 


Condensation  of  Phenyl  Ethyl  Ketone  with  Benzylideneacetophenone. 

A  solution  of  0*95  gram  of  sodium  in  20  c.c.  of  absolute  alcohol  was 
added  to  5*4  grams  of  phenyl  ethyl  ketone  and  8*4  grams  of  benzylidene- 
acetophenone in  30  c.c.  of  the  same  solvent.  The  mixture,  which  at 
once  assumed  a  pink  colour  with  evolution  of  heat,  yielded  drops  of 
oil  which  rapidly  became  crystalline,  and  within  an  hour  the  whole  had 
become  a  thick,  crystalline  sludge.  After  4  days,  the  crystals  were 
collected,  washed  with  50  per  cent,  alcohol,  and  finally  with  water,  the 
filtrate  being  precipitated  with  water  and  extracted  with  ether.  This 
ethereal  solution,  on  evaporation,  gave  a  further  quantity  of  crystals 
along  with  a  small  amount  of  oil. 

The  products  of  the  reaction  were  boiled  with  alcohol -and  gave : 
i.  1:3:  6-Tribenzoyl-2  :  4-diphenyl-l-methylpentane,  an  almost  in- 
soluble, finely  crystalline  residue,  which  separates  from  dilute  acetone 
in  rhombic  plates  melting  at  241 — 242°  : 

0-2006  gave  06245  CO,  and  01 134  H,0.     C  =  84  94;  H-6-28. 

0-2002     „     0-6235  COg    „    0-1125  HjO.     C-84-93;  H-6  24. 

CgjHj^Og  requires  C  -  85*09  ;  H  -  618  per  cent. 

It  is  almost  insoluble  in  boiling  absolute  alcohol,  or  ligroin,  easily 
soluble  in  acetone,  and  dissolves  in  pure  concentrated  sulphuric  acid  to 
a  yellow  solution  which  on  standing  assumes  a  dull  red  colour. 

ii.  1  :3Dibeuzoyl-2-phenyl-l  methylpropane  (prisms,  m.  p. 
103-6 — 104*5°)  is  readily  soluble  in  boiling  alcohol,  or  acetone, 
sparingly  so  in  cold  alcohol,  or  ligroin  (b.  p.  80 — 86°),  and  diflSolveB  in 
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pure  ooDoentrated  sulphuric  acid  to  a  pale  yellow  »olutiou  which  darkenn 
on  ttaoding : 

0  2010  gave  0*6195  00,  and  0*1195  H,0.     C  -  8405  ;  H  -  6*60. 
0-2005     „    0-6182  00,    „    01187  H,0.     C - 8408 ;  H- 6-58. 
0,^H,aO,  requires  0  -  84 '21  ;  H  -  6  43  per  cent. 

Aciiom  qf  Uydn>xylam\n$  on  DibmzoylpfunylmeUiylpropans 
(m.p.  103-5— 104-5«). 

The  diketone,  when  boiled  for  3  hours  with  4  mcls.  of  free  hydrozjl- 
amine  in  alcoholic  solution,  gave  an  oil  the  greater  part  of  which 
became  crystalline  on  the  addition  of  chloroform.  The  oil,  which  is 
probably  the  monoxime,  is  easily  soluble  in  chloroform,  but  does  not 
crystallise.  When  heated  with  a  further  quautity  of  free  hydroxylamine, 
it  was  almost  completely  converted  into  the  crystnlline  com(>ound. 
This  substance,  which  is  sparingly  soluble  in  chloroform,  crystallises 
from  dilute  acetone  in  needles  melting  at  204 — 205°  : 

0-2010  gave  0-5705  COj  and  01200  H,0.     0  =  7741;  H  =  6  6u. 
0-2370  gave  157  c.c.  nitrogen  at  16°  and  758  mm.     N  =  7-70. 
C,^H,^N,0,  requires  0  -  77*42 ;  H  =  6-45 ;  N  =-  752  per  cent. 

This  dioxime  is  insoluble  in  sodium  hydroxide,  or  ligroin,  and 
moderately  soluble  in  benzene,  alcohol,  or  acetone. 

Action   qf  Hydroxylamine    Hydrochloride   on    DihemoylpfienylmeUiyl- 
propane  (m.  p.  103-5—104-5°). 

Two  grams  of  the  diketone,  1  gram  of  hydroxylamine  hydrochloride, 
and  15  c.c.  of  90  per  cent,  alcohol  were  heated  in  a  sealed  tube  at 
120 — 130°  for  4  hours.  The  contents  of  the  tube  were  precipitated 
with  water  and  extracted  with  ether.  The  ethereal  solution  left,  on 
evaporation,  a  pink,  crystalline  mass,  which,  after  many  crystallisations 
from  alcohol,  separated  in  colourless  prisms  melting  at  141 — 142°  : 

0  2030  gave  0-6675  00,  and  0  1110  H,0.     C-89  67  ;  H-6-07. 
0-2000    „     8-7  C.C.  nitrogen  at  24*5°  and  762  mm.     N  -  4*63. 
2:4:  6-Triphenyl-3  methyl  pyridine,     C,^HiaN,     requires     0  -  89*72  ; 
H  =  5-92;  N  =  4  36  per  cent. 

When  a  solution  of  this  substance  in  hot  alcohol  was  added  to  an 
alcoholic  solution  of  an  Ajual  quantity  of  picric  acid,  a  sparingly 
soluble  picrate,  which  crystallised  in  yellow  prisms  (m.  p.  190 — 191°), 
separated  on  cooling : 

0-2000  gave  19  c.c.  nitrogen  at  24°  and  758  mm.     N  -  10*62. 
C,^Hi,N,C4H,(K0,),'0H  requires  N  -  10*48  per  cent. 
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Triphenylmethylpyridine  is  soluble  in  concentrated  hydrochloric 
acid,  and  is  reprecipitated  by  alkalis.  When  a  current  of  dry  hydrogen 
chloride  is  passed  into  a  solution  of  triphenylmethylpyridine  in  pure 
dry  ether,  the  hydrochloride  separates  as  a  crystalline  powder,  which  is 
extremely  hygroscopic  and  cannot  be  exposed  even  momentarily  with- 
out undergoing  superficial  decomposition. 

Condensation  of  Acetophenone  and  Benzylidenep'opiophenone. 

A  solution  of  1  gram  of  sodium  in  16  grams  of  absolute  alcohol  was 
added  to  a  mixture  of  4'8  grams  of  acetophenone  and  88  grams  of  benzyl- 
idenepropiophenone.  After  standing  for  4  days,  the  deep  red  solution 
yielded  a  viscid,  red  oil,  which  subsequently  became  partly  crystalline. 
In  the  different  experiments  the  mixture  was  allowed  to  remain  for 
periods  ranging  from  4  to  14  days,  but  the  product,  when  dissolved  in 
ether  and  water,  yielded  an  ethereal  solution  containing  the  substances 
enumerated  on  p.  361. 

The  aqueous  solution,  when  acidified  with  hydrochloric  acid,  was 
extracted  with  ether.  The  ethereal  solution  yielded  benzoic  acid  and 
a  very  viscid,  red  oil  having  an  acid  reaction,  the  amount  of  which 
was  too  small  to  admit  of  further  investigation. 

Investigation  of  the  Substances  obtained  in  the  preceding  Condensation. 

i.  The  six-sided  crystals  melting  at  162—163°  were  identified  as 
1  :  3-dibenzoyl-2-phenyl-l  :  3-dimethylpropane,  C23H24O2,  also  obtained 
by  the  condensation  of  phenyl  ethyl  ketone  with  benzylidenepropio- 
phenone  (Trans.,  1901,  79,  936). 

ii.  The  colourless  prisms  (m.  p.  93 — 94°)  were  readily  soluble  in 
benzene,  chloroform,  methyl  alcohol,  acetone,  CArbon  bisulphide,  ether, 
acetic  acid,  or  toluene,  less  so  in  ethyl  alcohol  and  petroleum  of  high 
boiling  point,  and  dissolved  sparingly  in  light  petroleum  or  ligroin. 
They  were  recrystallised  from  both  alcohol  and  ligroin  : 

0-2002  gave  06172  COj  and  0-1135  H5O.     C  =  84'07  ;  H«6-29. 
0-2010     „     0-6204  CO2    „    0-1151  H,0.     C- 84-17 ;  H -6-36. 
1 :3-Dibenzoyl-2-phenyl-l-methylpropaiie,  Oj^HjjOj,  requires  C«  84*21 ; 
H-6-43  percent. 
1  : 3-Dibenzoyl-2-phenylpropane,     Cj^HjoOj,     requires    C- 84-14; 
H  =  610.     Mean:  C- 84-17;  H  =  626  per  cent. 

The  analyses  of  this  substance  gave  results  which  do  not  agree  with 
those  required  by  either  of  the  pure  diketones,  but  agree  q\ute  well 
with  the  numbers  which  would  be  required  by  a  mixture  of  equal 
quantities  of  these  compounds.  It  is  worthy  of  note  that  the  melting 
point  93->94°  is  the  mean  of  the  melting  points  of  dibenzoylphenyl- 
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nie(livl|>t.>:  v!i<\  in.  y.  103*5 — 104*5^,  and  of  clibeDsoylphenylprop«n«, 
m,  p.  ^0     v^o  , 

A  molecular  weight  determination,  in  which  0*3245  gram  of  the 
substance  dissolved  in  29*34  gratoA  of  chloroform  produced  a  rise  of 
0*137^  in  the  boiling  point-,  gave  a  molecular  weight  of  335  : 

1  j^H^O,  -  342  ;  C^H^O,  -  328.     Mean  -  335. 

All  the  evidence  pointed  to  the  substance  being  a  mixture  of  the 
two  homologous  1  : 5-diketones.  This  view  was  confirmed  by  its 
behaviour  towards  free  hydroxylamine  and  hydrozylamine  hydro- 
chloride. It  was  .also  found  that  the  substance  melting  at  03 — 94° 
could  be  prepared  by  crystallising  equal  quantities  of  the  pure  di- 
ketones  from  alcohol  or  ligroin  ;  the  substance  obtained  could  not  again 
be  separated  into  its  constituents  by  recrystallisation  from  any  of  the 
above  solvents.  Between  what  limits  the  substances  are  miscible  has 
not  yet  been  determined  ;  it  was  found,  however,  that  a  mixture  of  3 
parts  of  dibenzoylphenylpropane  with  1  part  of  dibenzoylphenylmethyl- 
propane  crystallised  as  a  simple  substance  from  alcohol  and  from  ligroin 
and  meltedat93 — 94°,  but  a  mixtureof  1  part  of  dibenzoylphenylpropane 
with  3  parts  of  dibenzoylpbenylmethylpropaoe  did  not  remain  homo- 
geneous apon  recrystallisation,  but  could  be  separated  into  two  part?, 
the  one  consisting  of  pure  dibenzoylphenylmethylpropane,  m.  p. 
103*5 — 104*5°,  the  other  consisting  of  the  mixed  ketones,  m.  p.  93 — 94°. 

Action  of  Ilydroxylamiru  on  the  Substance  (m.  p.  93 — 94°). — 
Two  grains  of  the  substance  were  added  to  an  aqueous  alcoholic 
solution  of  2  grams  of  hydroxylamine  hydrochloride  snd  2*4  grams  of 
sodium  acetate,  and  heated  to  boiling  for  3  hours.  The  product  was 
evaporated  and  the  residue  dissolved  in  ether  and  water.  The  crystal- 
line substance,  which  remained  after  the  evaporation  of  the  ether,  was 
recrjstallised  from  benzene,  and  gave  (i)  disc-shaped,  highly  refractive 
crystals  (m.  p.  186 — 187°) ;  thin  substance  crystallised  from  dilute 
acetone  in  needles  melting  at  204 — 205°,  and  was  identified  as  the 
dioxime  of  1  : 3-dibenzoyl-2-phenyl-l-methylpropane  (see  p.  363). 

(ii)  White  needles  aggregated  in  small  clusters,  which,  when  crystal- 
lised from  a  mixture  of  bensene  and  ligroin,  separated  in  small,  white 
needles,  m.  p.  163 — 164°.  This  substance  agrees  in  composition  and 
properties  with  the  dioxime  of  1  :  3-dibenzoyl-2-phenylpropane  described 
by  Wislicenus  and  Newman  {AnnaUn,  1898,  302,  236). 

Action  of  UydrOQBjflaiinm«  HydrochlorinU  on  the  SuUtanee  (m.  p, 
03 — 9i°), — Two  grams  of  the  substance,  1  gram  of  hydroxylamine 
hydrochloride,  and  15  c.c.  of  90  per  cent,  alcohol  were  heated  in  a 
sealed  tube  at  120 — 130°  for  4  hours,  the  pink-coloured  needles  so 
obtained  were  recrystallised  from  ligroin,  and  gave  (i)  clusters  of 
dark   yellow   plates ;    (ii)    colourless   prisms.      These   products    had 
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to  be  separated  mechanically,  and  then  crystallised  from  ligroin 
until  the  melting  points  become  constant.  Each  substance  still 
requires  to  be  recrystallised  a  number  of  times  from  alcohol. 

The  yellow  plates  ultimately  gave  long,  colourless  needles 
(m.  p.  137 — 138°),  which  dissolve  in  pure  concentrated  sulphuric  acid 
with  a  deep  blue  fluorescence.  This  substance  agrees  with  the  2:4:6- 
triphenylpyridine,  CggHj^N,  described  by  Wislicenus  and  Newman 
(Annalen,  1898,  302,  236). 

The  colourless  prisms,  after  many  crystallisations  from  alcohol,  melt 
at  141 — 142°.  This  substance  being  thus  identified  as  2  : 4  :  6  tri- 
pbenyl-3-methylpyridine  (p.  363). 

The  substance,  m.  p.  93 — 94°,  is  therefore  a  mixture  of  two  homo- 
logous 1  :  5-diketones,  1  :  3-dibenzoyl-2-phenyl propane,  CjsHgQOj,  and 
1  :  3-dibenzoyl-2phenyl-l-methylpropane,  C24H22O2  ;  the  quantity  of 
the  former  being  about  twice  that  of  the  latter,  as  ascertained  from  a 
comparison  of  the  yields  of  the  dioximes  and  of  the  pyridines. 

iii.  The  prisms  (m.  p.  103*5 — 104*5°)  were  obtained  in  very  small 
quantity  : 

0-201  gave  0*6204  COg  and  0*1198  H2O.     C  =  8417  ;  H  =  6*62. 
1  :  3-dibenzoyl-2-phenyl-l-raethylpropane,  C24H22O2,  requires  0  =  84*21  ; 
H  =  6*43  per  cent. 

iv.  The  rhombic  plates  (m.  p.  241 — 242°)  agree  iu  properties  with 
1  :  3  : 5-tribenzoyl-2  :  4-diphenyl-l-methylpentane  (p.  362),  but  the 
quantity  of  this  substance  obtained  was  too  smtll  for  analysis. 

V.  The  glistening  prisms  (m.  p.  255 — 256°)  were  also  isolated  io 
very  small  quantities.  The  substance  was  not  analysed,  but  character- 
ised by  means  of  its  additive  compounds  with  benzene  and  with 
toluene,  determinations  of  these  being  used  as  a  means  of  identi6cation. 

Beuzene  of  crystallisation :  00538  lost  0*0068  benzene  on  heating 
atl30°.  Benzene  =  12*6.  CggHjjOj.CgHgrequires  benzene  =  12*7  per  cent. 

Toluene  of  crystallisation  :  0*054  lost  00078  toluene  on  heating  at 
130°.  Toluene  =  14*44.  CggHjjOj.CyHg requires  toluene-  14*6  per  cent. 

This  substance  is  soluble  in  pure  concentrated  sulphuric  acid  to  a 
magenta-red  solution  with  a  yellowish-red  fluorescence,  which  dis- 
appears on  standing. 

The  substance  agrees  with  the  dibenzylidenetriacetophenone  or 
1  :d  :  5- tribenzoy  1-2  :4-dipbenyl pen tane  described  by  Kostaneoki  and 
Rossbaoh  (Ber.,  1896,  29,  1492). 

Srstss  CiiEMisonss  Laboratorium, 
Ukivbrsitat,  Lsipzio. 
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XL. — A  Stfnthe.^is  of  1:3:  b'TriphenyU2  :  i-dimethyl- 
cyclopentam*  and  of  1:3:  b-TriplienyUZ-methyU 
cycXopentanc, 

Bj  IUbbst  Dunoombb  Abbll,  Ph.D.  (Leipzig),  B.So.  (Walen),  1851 
Exhibition  Scholar  of  the  Uoiversitj  College  of  North  Walet, 
Bangor. 

Pbekiv  ▲nd  Kippino  (Trans.,  1889,  G5,  320)  showed  theoretically 
that  it  was  possible  to  convert  all  diketonesintocarbocjclic  compounds 
by  reduction,  and  that  the  closing  of  the  ring  was  due  to  the  formation 
of  cjclic  pinaoones,  which  may  then  be  reduced  to  the  hydrocarbons. 
Shortly  afterwards,  these  chemists  (Trans.,  1891,  50,  215)  obtained 
dimethylheptamethylene  from  oxo-diacetylpentane  through  the  inter- 
mediate cyclic  pinacone,  dihydrozydimethylbeptametbylene, 

CIL<^^*^^'^^®  Pjg  ^CH,-CH,-C(OH)Me 

^    CHj-CHj-COMe  *    CH5-CH,-C(0H)Me 

CH  <CHj*CH,-CHMe 
*    CHj-CHj-CHMe 

Since  that  time  J.  Wislicenus  {Ber.y  1895,  28,  2102  ;  AnnaUn,  1898, 
302,  215)  has  applied  this  reaction  with  greit  success  to  the  prepara> 
tion  of  eye/opentane  derivatives  from  1  :  5-di ketones. 

In  accordance  with  the  above,  the  1  :  5-diketone,  1  : 3-dibenzoyI-2- 
phenyH  :  3-dimethylpropane,  C^U^fi^  (m.  p.  162—163°)  (Trans,  1901, 
79,  928),  when  reduced  with  zinc  dust  and  acetic  acid,  gave  the  cyclic 
pinacone,  triphenyldimethylcyc/opentanediol,  G^j^H^^O, ;  this  product 
was  further  reduced  by  a  mixture  of  red  phosphorus  and  hydriodic 
acid,  whereby  two  sabstances  were  obtained  which  were  identified 
as  stereoisomeric  triphenyldimethylcyc^pentanes,  C^^H^. 

MeCH-COPh  Me(j?H— C(OH)Ph  Me^H— CHPh 

PhCH  —V       PhCH      I  — >       PhCH      I 

MeAHOOPh  MeCH— C(OH)Ph  MeCH— CHPh 

The  possibility  of  the  existence  of  such  isomerides  depends  on  the 
relative  position  of  the  various  gronpe  with  respect  to  the  plane  of  the 
cyc/opentane  ring. 

The  pinaoooe  readily  lotes  2  molecules  of  water  when  it  is  heated 
with  fused  oxalic  add,  to  form  an  unsaturated  hydrocarbon  tri  phenyl- 
dimethyl^ye^pentadiene,  C^jEL^r  This  behaviour  depends  upon  the 
relative  positions  of  the  bydroxyl  groups  and  the  hydrogen  atoms 
attached  to  adj>iceQt  carbon  atoms  of  the  ^ofepentane  ring  with 
respect  to  the. plane  of  the  ring. 

C  C  2 
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There  are  three  possible  positions  : 

(i)  If  the  hydroxyl  groups  are  on  one  side,  and  the  hydrogen  atoms, 
which  are  attached  to  the  adjacent  carbon  atoms,  on  the  opposite  side 
of  the  plane  of  the  ring,  then  the  pinacone  may,  by  the  action  of  the 
acids,  lose  1  molecule  of  water  to  form  a  pinacoline  in  the  following 
manner  (Wislicenus  and  Lehmann,  AnnaleUf  1898,  302,  207) : 

Uei^K C(OH)Ph  Me(jJ  H CPh 

PhCH        I                    -     H2O      =        Ph(jJH        1)0    . 
MeCH C(OH)Ph  MeCH CPh 

(ii)  If  the  hydroxyl  groups  are  one  on  each  side  of  the  plane 
of  the  ring,  and  the  hydrogen  atom  attached  to  the  adjacent  carbon 
atom  is  in  each  case  on  the  same  side  of  the  hydroxyl  group,  then  2 
molecules  of  water  may  be  split  away  by  the  action  of  dehydrating 
agents  with  the  formation  of  a  doubly  unsaturated  hydrocarbon 
(WUicenus  and  Carpenter,  Annalen,  1898,  302,  223).  Thus  the 
pinacone  would  give  triphenyldimethylcyc/opentadiene  : 


MeCjJH C(0H)Ph  Me(jJ: 


:CPh 


PhCH        I  -    2H2O         =  PhCH 

MeCH C(OH)Ph  "  MeC=CPh 

(iii)  If  the  hydroxyl  groups  are  one  on  each  side  of  the  plane  of  the 
ring,  and  the  hydrogen  atom  attached  to  the  adjacent  carbon  atom  is 
in  each  case  on  the  opposite  side  with  respect  to  the  hydroxyl  group, 
then  no  separation  of  water  can  take  place,  or  only  with  great 
difficulty. 

The  behaviour  of  the  pinacone  towards  oxalic  acid  corresponds  with 
the  second  formula.  Although  the  hydrocarbon  is  doubly  unsaturated, 
it  does  not  take  up  bromine.  However,  it  gives  the  characteristic 
pentadiene  reaction,  and  on  reduction  yields  the  saturated  hydrocarbon 
triphenyldimethylcyc/opentane. 

Similarly,  the  reduction  of  1  :  3-dibenzoyl-2-phenyM-methy]propane, 
^24^32^2'  ^y  sodium  amalgam  gives  triphenylmethylcye/opentanediol, 
^24^24^2'  ^hich  is  reduced  by  red  phosphorus  and  hydriodic  acid  to 
two  stereoisomeric  triphenylmethylcyc/opentanes,  Cj^Hj^  ;  the  one 
crystallising  in  needles  (m.  p.  121 — 122°),  the  other  being  a  straw-yellow 
oil  (b.  p.  260—262°,  28  mm.). 

The  pinacone  splits  o£f  water  more  readily  than  the  next  higher 
homologue,  so  that  when  the  1  : 5-diketone  is  reduced  by  zinc  dust  and 
acetic  acid,  a  quantity  of  the  pinacone  loses  two  molecules  of  water  to 
form  the  unsaturated  hydrocarbon,  triphenylmethyle^e^pentadiene, 
^M^to>  ^^ich  may  be  obtained  in  greater  quantity  by  heating  the 
pinaoone  with  fused  oxalic  acid. 

The  separation  of  water  from  triphenylmethylcye/opentanediol  may 
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take  pUoe  aj»  liiwu  «ii.u  im  ^i;  .uid  ^m;  on  p.  368.  The  third  pottsibilitj, 
how«T«r,  oanDot  applj  in  the  present  instance,  beo&use  in  this  ease  one 
of  iht  hydrozyl  groups  is  alwajrs  ao  situated  as  to  be  on  the  same  side 
of  the  plane  of  the  ring  as  a  hydrogen  atom  which  is  attached  to  the 
adjacent  carbon  atom,  and  consequently  a  molecule  of  water  may  split 
off  to  form  Ihydrozyl  :  3  :5  triphenyl-2methyl-A*-cycfopentene  : 

MeCH C(OH)Ph  MeCH— C(OH)Ph 

PhCH        I  -    H,0      -      PhCH      I 

CH,--C(OH)Ph  CH=CP1» 

The  unsaturated  hydrocarbon  triphenylmethylc^c/opentadiene  is 
reduced  by  red  phosphorus  and  hydriodic  acid  to  the  stereoisomeric 
triphenylmethylc^c/opentanes. 

The  relation  between  the  diketone  and  its  reduction  products  is 
shown  by  the  following  formulae  : 

Me<pH-CX)Ph  Me(pH C(OH)Ph  MeC=CPh 

PhCH  ->     PhCH        I  ->      PhCH       I 

CH,-CO-Ph  CH, — C(OH)Ph  CHzzCPh 

MeCH CHPh 

PhCH        I 
CH,— CHPh 

Reduction  of    1  :  3-Dibemot/l-2-pfienyl-\  :  Z-dinuthylpropane,    Cj^Hj^O,, 

m.  p,  162—163°. 

A  solution  of  4  grams  of  the  diketone  in  100  grams  of  85  per  cent, 
acetic  acid  with  6  grams  of  zinc  dust  was  boiled  continuously  for 
8  hours  under  a  reflux  condenser.  The  hot  straw-yellow  solution  was 
poured  into  a  litre  of  water  and  allowed  to  stand  for  1 2  hours.  The 
precipitate  crystallises  from  ligroin  (b.  p.  80 — 85°)  in  colourless 
prisms  melting  at  143—144°. 

U-2165  gave  06650  CO,  and  01447  H,0.     C -83-77  ;  H-7  42. 

0-2012.,,     0-6175  CO,    „    01330  H,0.     C - 8370 ;  H -7-34. 

^ifitfii  requires  C  =  8379  ;  H  -  727  per  cent. 

If,  during  the  reduction,  the  boiling  be  interrupted  for  more  than  a 
few  minutes,  the  solution  assumea  a  dark-brown  colour,  and  one  of 
the  products  of  the  react^n  is  a  yellowish-brown,  disagreeably  smell- 
ing oil  which  decomposes  on  standing.  If,  however,  the  boiling  is 
continuous,  the  solution  remains  almost  colourless,  and  the  yield  of 
pinacone  is  99 — 100  per  cent,  of  the  calculated  quantity. 

The  pinacone  is  readily  soluble  in  alcohol,  ether,  or  acetic  acid,  but 
sparingly  so  in  ligroin. 
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From  the  mother  liquors,  a  minute  quantity  of  a  brownish-yellow 
substance  was  isolated,  which,  by  repeated  crystallisation  from  alcohol, 
was  obtained  in  yellow,  feathery  needles  melting  at  126 — 127°. 

O'leOO  gave  0'548  COg  and  0-0985  HgO.     C  =  93-40;  H  =  6-83. 
CggHgj  requires  C  =  93-17  ;  H  =  682  per  cent. 

This  substance  is  the  unsaturated  hydrocarbon,  triphenyldimethyl- 
cyc/opentadiene  (p.  368),  formed  from  the  pinacone  by  the  dehydrating 
action  of  the  acetic  acid. 

The  solution  of  this  compound  cannot  be  decolorised  by  boiling  with 
animal  charcoal ;  a  yellow  alcoholic  solution  became  dark  red  on  boil- 
ing for  10  minutes  with  animal  charcoal,  and  a  quantity  of  the  sub- 
stance was  changed  to  a  dark,  viscid  oil,  which  could  not  be  made  to 
crystallise. 

Fusion   of  Triphenyldimethylcjclopentanediol  vnth   Anhydroita   Oxcdic 

Acid. 

Oxalic  acid  (100  grams)  was  heated  in  a  hard  glass  flask,  immersed 
in  an  oil-bath,  until  a  thermometer,  placed  in  the  molten  acid,  showed 
a  temperature  of  138°;  3  grams  of  the  pinacone  were  then  added,  and 
the  flask  heated  strongly  with  a  free  flame  until  the  contents  suddenly 
solidified.  Dilute  alcohol  was  added  to  the  cold  porous  product,  and  a 
sparingly  soluble,  flocculent  mass  remained  undissolved,  which  crys- 
tallised from  alcohol  in  clusters  of  white,  feathery  needles,  m.  p. 
127—128°. 

0-16  gave  0-5462  COg  and  00997  HgO.     C  =  93-10 ;  H  =  692. 
C25H22  requires  0  =  93*17  ;  H  =  6-82  per  cent. 

This  hydrocarbon  is  identical  with  that  obtained  from  the  mother 
liquors  of  the  pinacone,  and  is  formed  from  tho  latter  by  the  loss  of 
2  molecules  of  water  (p.  368). 

Being  an  unsaturated  substance,  it  should  take  up  4  atoms  of 
bromine.  When,  however,  a  solution  of  bromine  in  chloroform  is 
added  to  a  solution  of  the  hydrocarbon,  a  copious  evolution  of  hydro- 
bromic  acid  takes  place,  with  formation  of  a  black,  viscid  oil,  which 
afterwards  solidifies.  This  substance  dissolves  readily  in  all  the 
ordinary  solvents,  and  separates  from  them  as  a  black  oil,  which  again 
solidifies  after  a  while  but  remains  amorphous. 

The  hydrocarbon  is  soluble  in  pure  concentrated  sulphuric  acid  to  a 
yellow  solution  which  subsequently  develops  an  *'eosin"  fluorescence 
(pentadiene  reaction). 
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JMudion  qf  TriphtnyldinvtthylcycXofmUanitdioL 

A  mixture  of  3  grams  of  pinacone,  I  5  grams  of  red  phosphorus, 
and  10  grams  of  hydriodic  acid  (sp.  gr.  1*7)  was  heated  for  7  hours  at 
190 — 200^  in  a  sealed  tube  in  which  the  air  had  been  replaced  by 
carbon  dioxide.  The  contents  of  the  tube  were  dissolved  in  ether  and 
water  and  yielded  an  ethereal  solution  which,  when  washed  with  a 
dilute  solution  of  sulphurous  acid,  then  with  water,  and  6oally  dried 
by  means  of  fused  sodium  sulphate,  left  on  evaporation  in  a  current 
of  dry  air,  a  clear,  colourless  oil  which  became  for  the  most  part  crys- 
talline ;  the  solid  portion  being  dried  on  porous  plates.  The  crystals 
separated  from  alcohol  in  needles  (m.  p.  80 — 81°) : 

0-2032  gave  06865  CO,  and  01482  HjO.     C  =  9213;  H«809. 

01687     „     0-5695  CO,    „    0-1205  H,0.     C  =  9206 ;  fa- 794. 

C»H,g  requires  C  =  9203  ;  H  =  796  per  cent. 

The  straw-yellow  oil  extracted  from  the  porous  plate  distilled  at 
246— 248°  (25  mm.): 

0-2022  gave  0-7147  CO,  and  0-1557  H^O.     C-91-84;  H-8-15. 
C,5H,j  requires  C  «  9203  ;  H  =  796  per  cent. 

Molecular  weight  determinations  of  these  substances  indicate  that 
they  are  isomeric  triphenyldimethylcyc/opentanes  : 

Needles,     Oil,  b.  p.  246—248' 
m.  p.  80—81°.        (25  mm.). 

Weight  of  substance 0454  0-692 

„        solvent  (chloroform)   2888  27*96 

Observed  rise  of  the  boiling  point  ...         0168°  0*28° 

Molecular  weight 342  323 

^25l^M'"326. 

The  crystalline  form  is  the  more  stable  of  the  two  ;  the  oily  modifica- 
tion slowly  becomes  crystalline,  the  crystals  being  identical  with  those 
melting  at  80—81°. 

Reduction  of  Triphent/ldimethylcyclopentadtene. 

▲  mixture  of  1  gram  of  the  unsaturated  hydrocarbon,  07  gram  of 
red  phosphorus,  and  6  grams  of  hydriodic  acid  was  heated  for  8  hours 
at  200°  in  a  sealed  tube,  and  treated  as  above.  The  ethereal  solution 
gave,  on  evaporation,  a  crystalline  substance  and  a  small  amount  of 
oiL     The  former  crystallised  from  alcohol  in  needles  (m.  p.  80 — 81°): 

0-2017  gave  068  CO,  and  0*1487  H,0.     0-91*93  ;  H-819. 
Triphenyldimethylcyc/opentane,  0,5!!,^,  requires  C-9203;  H-7-96 

per  cent. 
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Reduction  of  1  :  '6-Dibenzoyl-'2-ptunyl-\-methylpropane,  ^^fi^'Pv 
by  Zinc  Dust  and  Acetic  Acid. 

Four  grams  of  the  diketone  were  dissolved  in  100  grams  of  85  per 
cent,  acetic  acid,  8  grams  of  zinc  dust  added,  and  the  mixture  heated 
to  boiling  for  8  hours.  The  yellow  solution  was  poured  into  a  litre  of 
water.  The  white,  flocculent,  semi-crystalline  precipitate  crystallised 
from  alcohol  in  long,  yellow,  flattened  needles,  m.  p.  162 — 163°.  These 
must  be  recrystallised  a  number  of  times  from  acetone  in  order  to 
obtain  a  pure  product : 

0-2  gave  06845  COg  and  0-12  Ufi.     C- 93-34;  H  =  6-65. 
C24H2Q  requires  C  =  93'51  ;  H  =  6'49  per  cent. 

This  substance  is  the  unsaturated,  hydrocarbon,  triphenylmethyl- 
cyc/opentadfene,  formed  from  the  pinacone  by  the  dehydrating  action 
of  the  acetic  acid. 

The  alcoholic  mother  liquors  gave,  on  evaporation,  a  brownish-yellow 
oil  which  partly  crystallised  on  long  standing,  but  which  could  not  be 
recrystallised,  as  it  separated  from  all  solvents  as  an  oil.  It  was  sub- 
sequently found  that  the  pinacone  is  an  oil  becoming  crystalline  with 
difficulty,  and  from  analogy  it  was  inferred  that  the  above  oil  was  im- 
pure pinacone.  This  was  borne  out  by  its  behaviour  towards  fused 
oxalic  acid,  whereby  a  good  yield  of  triphenylmethylcyc/opentadiene  was 
obtained. 

Reduction  of  1  :  3- Dibenzoy  1-2 -phenyl- 1  -methylpropane  by  Sodium 

Amalgam. 

Two  grams  of  the  diketone  were  dissolved  in  moist  ether,  50  grams 
of  3  percent,  sodium  amalgam  were  added  in  small  quantities  at  a  time 
during  8  hours,  and  a  rapid  current  of  carbon  dioxide  was  passed  through 
the  solution,  which  was  kept  constantly  stirred.  The  washed  and  dried 
ethereal  solution,  which  was  evaporated  in  a  stream  of  dry  air,  yielded 
a  very  viscid,  colourless  oil,  which,  when  left  in  a  vacuum-desiccator 
over  sulphuric  acid,  crystallised  in  needles.  This  substance  is  readily 
soluble  in  all  the  organic  solvents,  and  separates  from  them  as  an  oil 
which  again  slowly  crystallises  ;  it  melts  at  68 — 80°  : 

0-2017  gave  06167  COj  and  0'1315  H^O.     0-8339;  H-7-24. 

0-2012     „     0-6155  COj    „    0131    H,0.     0 - 8342  ;  H « 7-20. 

Tripheny  Imethylcyc/opentanediol,  Cj^Hj^O,,  requires  C  -  83*72;  H  -  6*97 

per  cent. 

1  :  5-Dihydrozy-l  :  3  :  5-triphenyl-2-methylpentane,  Cj^Hj^Oj,  requires 

C- 83*24;  H«7'51  percent. 

The  substance  is  therefore  slightly  impure  pinacone,  and  not  the  di- 
>ndary  alcohol  corresponding  with  the  diketone. 
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/>^',  It  J  tir  of  TtiiJi^ni/linfthi/lcyclopeniamdioi,  <^t«'*t/V  ^otty^irda  Fu»e*i 

OxcUie  Add, 

Three  grams  of  the  pinaoooe  were  heated  with  fused  ozalio  acid 
(p.  367).  Oo  addiog  dilute  alcohol  to  the  cold,  porous  roast,  a  yellow, 
flocculeDt  precipitate  remained  which  crystallised  from  acetooe  in 
0%tteoM,  yellow  needles  melting  at  163— 163^  : 

0-2005  gave  0  6865  CO,  and  0  1215  H,0.     0-9337  ;  H-6-73. 
0-2015     ,.     0  69      00,    „    01225  H,0:    0-93-39 ;  H- 675. 
Oj^H,^  required  0  -  93  51  ;  H  -  6*49  per  cent. 

Triphenylmethylcyc/opentadione  is  very  sparingly  soluble  in  alcohol 
and  more  so  in  acetone.  It  dissolves  in  pure  concentrated  sulphuric 
acid  to  a  yellow  solution  which  subsequently  shows  an  *'  eosin " 
flaoreeoeoce. 

The  addition  of  a  solution  of  bromine  in  chloroform  to  a  solution  of 
the  hydrocarbon  is  followed  by  evolution  of  hydrobromic  acid  and 
formation  of  a  yellowish-red  oil. 

IMuelion  of  TriphenylrMlhylcycXoperUa'Mdiol. 

A  mixture  of  3  grams  of  pinacone,  1*5  grams  of  red  phosphorus,  and 
10  grams  of  hydriodic  acid  (sp.  gr.  1-7)  was  heated  in  a  sealed  tube  at 
190°  for  5  hours.  After  treating  the  product  in  the  usual  manner,  the 
dried  ethereal  soldtion  gave,  on  evaporation,  a  colourless  oil  which 
became  partly  crystalline  when  left  in  a  vacuum  over  sulphuric  acid. 
The  erystals  separated  from  alcohol  in  needles  melting  at  121 — 122°: 

0-2010  gave  0  6802  00,  and  01420  H,0.     C  =  9228 ;  H  =  7-84. 

0-2005     „     0-6785  00,    „    0-1407  H,0.     0  =  9228 ;  H  =  779. 

0,^H,^  requires  0-92-31  ;  H  =  7-69  per  cent. 

The  straw-yellow  oil,  which  was  separated  from  the  crystals,  boiled 
at  260—262°  (28  mm.)  : 

0-1585  gave  0536  00,  and  0  1 135  H,0.     0  -  9223  ;  H  -  795. 
0,^H,^  requires  0-92-31 ;  H-7-69  per  cent. 

Molecular  weight  determinations  indicate  that  these  substances  are 

isomerides : 

Needles,      Oil,  b.  p.  260—262* 
m.  p.  121—122'.         (28  ma.). 

Weight  of  substance 0-3933  0*2518 

„       tolvent  (chloroform)  2252  24*00 

Observed  rise  of  the  boiling  point  ...       0*201°  0*127° 

Molecular  weight  318  302 

Tri  phenyl  met  by  Icyc^pentane,  0,^11,4-312. 
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In  this  case  the  yield  of  oil  greatly  exceeds  that  of  the  solid.  The 
oil  slowly  changes  into  a  crystalline  form  which  is  found  to  be  identical 
with  the  needles  (ra.  p.  121 — 122°). 


Reduction  of  TriphenylmetJiylcycXopentadiene. 

Four  grams  of  the  unsaturated  hydrocarbon  were  reduced  with  a 
mixture  of  2  grams  of  red  phosphorus  and  10  grams  of  hydriodic  acid 
in  a  sealed  tube  at  200°.  Very  little  oil  was  formed,  but  acicular 
crystals  were  obtained  (m.  p.  121°)  which  were  identified  as  triphenyl- 
methylcyc/opentane. 

EltSTES   ClIEMISCHES   LaBORATOIIIUM, 

Universitat,  Leipzig. 


XLI. — The  Action  of  Ammonia  and  Organic  Bases  on 
Ethyl  Esters  of  Olefinedicarhoxijlic  and  Olefine-p- 
Ketocarhoxylic  Acids. 

By  Siegfried  Euhemakn. 

In  continuing  my  researches  on  the  formation  of  heterocyclic  com- 
pounds from  unsaturated  acids,  I  have  examined  the  action  of  ammonia 
and  benzamidine  on  the  ethyl  esters  of  olefinedicarboxylic  acids  and 
olefine-y8-keto3arboxylic  acids.  Former  investigators  have  already 
pointed  out  that  these  esters  form  additive  products  with  great  ease, 
and  have  described  a  number  of  such  compounds  obtained  from  the 
esters  and  organic  bases  ;  some  of  these  derivatives  are  in  turn  readily 
transformed  into  cyclic  compounds.  I  have  found  that  benzamidine 
and  ethyl  benzylidenemalonate  interact  according  to  the  following 
equation  : 

OeHj-CH:C(COjEt)j  +  CflH5-C(NH,):NH  - 

O.H,CH<OH(CO^^O>^    .   C.H.O. 

and  yield  tihyl  dxhydrodiphenylpyrimidonecarboxylate.  Tliis  reaction 
18  analogous  to  that  which  leads  to  the  formation  of  diphenylpyr- 
imidone  from  benzamidine  and  ethyl  phenyl propiolate  (Ruhemann  and 
Stapleton,  Trans.,  1900,77,239).  Ethyl  dihydrodiphenylpyrimidone- 
carboxylate,  on  treatment  with  ammonia,  undergoes  an  interesting 
transformation  :  the  ring  opens,  and  then  closes  again  with  the  loss 
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f  carboD   dioxide   and   alcohol,    to    yiold  dihydrodiphtnylpyrimidoM^ 

C.H.CH<J;j , ^  >rt   " 

'  c.H.cn<^.^t;;^^^>N  +  CO,  +  C,H,0. 

Dihydrodiphenjipyrimidone  is  aUo  obtained  by  the  action  of  an 
alcoholic  solution  of  benzamidine  on  ethyl  benzylideneacetoacetate. 
Its  formation  takes  place  by  the  union  of  benzamidine  with  the  un- 
saturated ester,  accompanied  by  the  removal  of  the  acetyl  group  as 
ethyl  acetate  and  the  loss  of  alcohol,  thus  : 

CH,-C0-C(C0,Et):CH-CaH5  +  CaH5-C(NH,):NH  ^-C^UJd  = 

CH^-COjEt  +  CH,(C02Et)-CH(CeHg)-NH-C(CeH5):NH  ; 

The  interaction  which  occurs  between  ethyl  benzylideneaceto- 
acetate and  benzamidine  has  induced  me  to  examine  also  the 
action  of  this  ester  as  well  as  that  of  different  olefiDe-/3-ketocarb- 
oxylic  esters  on  other  bases.  Up  to  the  present,  I  have  studied  their 
bebavioor  towards  ammonia.  This  study  has  led  to  the  interesting 
faei  that  ethyl  benzylideneacetoacetate  reacts  with  ammonia  in  a 
manner  different  from  the  other  olefine-)3-ketocar  boxy  lie  esters,  which 
as  yet  have  been  subjected  to  this  treatment.  Ethyl  ethylideneaceto- 
acetate  and  ethyl  furylideneacetoacetate  are  decomposed  by  ammonia 
into  the  aldehyde-ammonias  and  ethyl  acetoacetate,  which  compounds 
subsequently  condense  to  ethyl  hydrocoUidinedicarboxylate  and  ethyl 
hydrofuryllutidinedicarboxylate.  Ethyl  benzylideneacetoacetate,  how- 
ever, does  not  undergo  an  analogous  condensation,  but  yields  benzyl- 
id  en  eaminoacetone,  according  to  the  following  equation  : 

CH,-C0-C(C0,Et):CH-C«H5  +  NH,  - 

CH,-C0-C{NH,):CH-CeH5  +  HCO,Et. 

This  reaction  is  somewhat  similar  to  the  decomposition  which  ethyl 
dicarboxyglutacooate  suffers  under  the  influence  of  ammonia  and 
organic  bases.  Bensylioeneaminoacetone  is  rather  unstable,  and 
readily  loses  benzaldehyde,  especially  on  treatment  with  acids. 
Besides  the  aldehyde,  another  compound  is  formed,  if  benzylidene- 
aminoacetone  is  warmed  with  concentrated  hydrochloric  acid.  The 
ketone  dissolves,  and  after  a  short  time,  the  solution  deposits  a  white, 
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crystalline  solid,  which  is  diacetobemylideneimide  hydrocJdoride.     Its 
formation  is  to  be  expressed  thus : 

CHg-CO-CrCH-CgHj 
2CH3-CO-C(NH2):CH-C«H5  +  2HC1  =  NH,HC1      +NH,C1. 

CFTa'CO-CrCH-CoHs 

The  hydrochloride  is  the  intermediate  product  of  the  interaction  between 
the  acid  and  benzylideneaminoacetone,  for  on  heating  it  with  hydro- 
chloric acid  it  decomposes,  yielding  benzaldehyde  and  another  compound 
which  is  still  under  examination. 


Experimental. 

Ethyl  Dihydrodiphenylpyrimidonecarhoxylate. 

The  action  of  benzamidine  on  ethyl  benzylidenemalonate  readily 
takes  place  by  mixing  solutions  of  sodium  (1  at.)  and  the  hydrochloride 
of  the  base  (1  mol.)  in  alcohol,  adding  the  ester  (1  mol.),  and  heating 
the  mixture  on  the  water-bath.  A.fter  a  short  time,  the  whole  sets  to 
a  solid.  This  dissolves  in  boiling  alcohol,  and,  on  cooling,  crystallises 
in  colourless,  silky  needles  which  melt  at  188° : 

0-2095  gave  0-5425  COg  and  0-1080  Kfi.     C  =  70-62  ;  H  =  5-72. 
0-2983     „     23  c.c.  moist  nitrogen  at  20°  and  758  mm.     N  =  8-79. 
CigHigOgNg  requires  C  =  7080  ;  H  =  5-59  ;  N  =  8-69  per  cent. 

Ethyl  dihydrodiphenylpyrimidonecarboxylate  dissolves  in  hydro- 
chloric acid  with  the  greatest  ease,  and  therefore  has  the  character  of 
a  base.  At  the  same  time,  it  has  weak  acidic  properties,  since  the  ester, 
although  insoluble  in  cold  caustic  potash,  gives  a  yellow  coloration  with 
sodium  ethoxide  when  alcoholic  solutions  of  both  reagents  are  mixed. 
On  evaporating  off  the  alcohol,  a  yellow  solid  is  left  behind  which  is 
undoubtedly  a  sodium  compound.  This,  however,  turns  white  on  add- 
ing water,  and  decomposes  into  the  alkali  and  the  unaltered  ester. 
Ferric  chloride  produces  a  deep  red  coloration  with  an  alcoholic  solution 
of  the  ester. 


Action  qf  Ammonia  on  Ethyl  DViydrodiphenylpyi'imidoMcarboxylate. 

The  ester,  when  left  in  contact  with  concentrated  aqueous  ammonia, 
dissolves  after  about  three  weeks,  yielding  a  yellow  solution.  Tnis, 
when  freed  from  ammonia  as  much  as  possible  by  warming  on  the 
water-bath  under  diminished  pressure,  give:^,  on  neutralisation  with 
hydrochloric  acid,  a  white  precipitate  which  dissolves  in  hot  dilute 
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Alcohol  ADd  crjsUUisea  from  this  solution  in  colourless  nsedlM  mtltiog 
tt  18(y»: 

0*S098  gare  0*5910  00|  and  01090  U,0.     0  -  76  82  ;  H  -  5-77. 
0*5355    „     50*2  co.  moist  nitrogen  at  IS"*  and  764  mm.     N  -  1 1  -20. 
C,,H„ON,  requires  C- 76-80;  H-5-60;  N  =  11-20  per  cent 

This  Compound,  as  stated  sboye,  is  dihydrodiphenylpyrimidone.  It  is 
soluble  with  ditliculty  in  cold  alcohol,  readily,  however,  on  boiling,  and 
the  alcoholic  solution  gives  a  red  coloration  with  ferric  chloride.  Di- 
iiydrodiphenylpyrimidone  dissolves  in  dilute  hydrochloric  acid,  as  does 
also  the  monocarboxylic  ester  from  which  it  is  formed,  but  it  differs  from 
the  latter  inasmuch  as  it  yields  a  platinichloride,  whilst  the  ester 
does  not. 

The  pUuinicJdoride  is  precipitated  on  adding  platinic  chloride  to  the 
solution  of  hydrodiphenylpyrimidone  in  hydrochloric  acid.  It  forms 
small,  orange  prisms  which  are  readily  dissolved  by  hot  water : 

0-2725  gave  0*0580  Pt.     Pt  =  21-28. 

(CjeHi^ON,)j,HjPtClg  requires  Pt  =  21-37  per  cent. 

Action  qf  Benzamidine  <ni  Ethyl  BenzylideneacetoacetaU. 

This  reaction  takes  place  on  mixing,  in  molecular  proportions,  sodium 
ethoxide  and  benzamidine  hydrochloride,  dissolved  in  alcohol,  then  add- 
ing ethyl  benzylideneacetoacetate  (1  mol.),  and  digesting  the  mixture 
for  about  an  hour.  On  distillation  from  the  water-bath,  ethyl  acetate 
is  removed  together  with  the  alcohol,  and  an  oil  is  left  behind  which 
yields  with  water  a  semi-solid  product.  This  dissolves  in  hot  alcohol, 
nnd  the  solution,  on  cooling,  deposits  colourless  prisms  of  dihydro- 
iiphenylpyrimidone.  The  identity  of  this  substance  with  the  compound 
formed  from  the  hydrodiphenylpyrimidonecarboxylic  ester  and  am- 
monia is  proved  not  only  by  the  fact  that  the  melting  point  and  the 
other  properties  are  the  same,  but  also  by  the  following  analysis  : 

0-2102  gave  21  c.c  moist  nitrogen  at  20"^  and  742  mm.     N«  11*15. 
CjjHj^ON,  requires  N  =  11*20  per  cent. 

Action  of  Ammonia  on  Ethyl  Olefine-P-keiocarboxylateM, 

(i)  Ethyl  ethylideneacetoaoeUte,CHj-CO-C(CO,-C,H5):CH'CH^  when 
mixed  with  alcoholic  amm^ia,  dissolves  with  a  development  of  heat. 
The  yellowish  solution  does  not  deposit  any  solid  even  after  several 
days.  On  evaporation,  a  viscous  product  is  left  behind,  which 
solidifies  when  treated  with  dilute  hydrochloric  acid.  The  substance 
crystallises  from  alcohol  in  colourless  plates,  which  have  a  blue  fluor- 
mce  and  melt  at   131°.     These  properties  characterise  it  as  ethyl 
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hydrocollidinedicarboxylate ;    its   composition    has,    moreover,    been 
verified  by  the  following  analysis : 

0-2052  gave  0-4745  COg  and  01475  Hfi.     C  =  63-06;  H-7-98 
C14H21O4N  requires  C  =  62*92  ;  H  =  7-86  per  cent. 

This  reaction  is  to  be  explained  by  assuming  that  ethyl  ethylidene- 
acetoacetate  first  decomposes  into  acetaldehyde  and  the  acetoacetic 
ester,  which  two  compounds  then  condense  with  ammonia  to  form 
ethyl  hydrocollidinedicarboxylate.  This  view  is  supported  by  the 
behaviour  of  ethyl  ethylideneacetoacetate  towards  a  solution  of  methyl- 
amine.  On  mixing  the  reagents,  heit  is  developed,  and  acetaldehyde 
and  ethyl  acetoacetate  are  formed.  On  evaporating  the  yellow  solu- 
tion under  diminished  pressure  on  the  water-bath  and  adding  dilute 
hydrochloric  acid  to  the  small  quantity  of  oily  residue,  a  solid  is 
obtained.  This  is  ethyl  hydrocollidinedicarboxylate,  which  owes  its 
formation  to  the  presence  of  traces  of  ammonia  in  the  solution  of 
methylamine  which  I  have  used. 

(ii)  Ethyl  furylideneacetoacetate,  CH3-CO-C(C02-C2H5):CH-C^H80, 
reacts  with  ammonia  in  a  similar  manner  to  the  ethylideneacetoacetate, 
and  yields  ethyl  hydrofuryllutidinedicarboxylate, 

O.H,O.CH<§OO.CA);C(CH3)^^^ 

The  ester  is  isolated  from  the  ammoniacal  solution,  as  in  the  former 
case,  and  recrystallised  from  alcohol.  The  melting  point  164°  agrees 
with  Schiff  and  Puliti's  statement  (Ber,,  1883,  16,  I6OY)  : 

0-2185  gave  0-5130  COg  and  01315  HgO.     C  =  6403;  H  =  6'69. 

0-3047     „      11-2  moist  nitrogen  at  9°  and  765  mm.       N  =  4-53. 

CiyHgiOjN  requires  0  =  63*95  ;  H  =  6-58;  N-4-39  per  cent. 

(iii)  Ethyl  benzylideneacetoacetate,  CH3'CO*C(C02-CjH5):CH*CeH5, 
as  stated  in  the  introduction  to  this  paper,  behaves  towards  ammonia  in 
a  manner  different  from  the  other  olefine-^-ketocarboxylic  esters,  and 
yields  a  compound  which  is  to  be  regarded  as  benzylideneaininoacetonet 
CH3-CO-C(NH2):CH-CeH5. 

This  substance  is  formed  by  adding  an  excess  of  alcoholic  ammonia 
to  ethyl  benzylideneacetoacetate  ;  the  ester  dissolves,  and  the  solution, 
when  left  overnight,  sets  to  a  semi-solid  mass  of  colourless  needles; 
these  are  insoluble  in  water,  but  readily  dissolve  in  ether,  chloroform, 
carbon  bisulphide,  or  hot  alcohol,  but  less  soluble  in  cold  alcohol. 

Benzylideneaminoacetone  may  be  crystallised  by  adding  water  to 
the  warm  alcoholic  solution  until  it  becomes  cloudy  ;  after  a  time, 
needles  separate  which  melt  at  125°  to  an  oil  which  does  not  solidify 
on  cooling.  On  boiling  the  alcoholic  solution,  decomposition  takes  place, 
which  is  indicated  by  the  formation  of  benzaldehyde. 
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\<  lHM»7vliiieneAminoaceiono  is  not  siaoio  ai  iuu  ,  it  iiaa  been  dried, 
for  analysis,  under  diminished  pressure  at  the  ordinary  temperature  : 

0  2175  gave  0  59 15  00,  and  0- 1357  H,0.     C-74U;  H-6  91. 
0-2085     „     0-5685  CO,    „    01300  H,0.     0-7436 ;  H- 692. 
0-2652     „     20  cc.  moist  nitrogen  at  9""  and  738  mm.       N-8'80. 
0  2723     „     19-7  cc.  „  5«»     „  751  mm.       N-8-74. 

C,oH„ON  requires  C-74'53  ;  H-6*83  :  N-8-69  percent. 

Aelion  qf  Hydroefdorie  Add  on  Benzi/lideneaminoacetone. 

On  heating  with  dilute  hydrochloric  acid,  the  ketone  decomposes, 
and  benzaldehyde  separates  out ;  if,  however,  the  ketone  is  carefully 
warmed  with  the  concentrated  acid,  it  dissolves,  benzaldehyde  is 
formed,  and,  at  the  same  time,  colourless  crystals  are  deposited  which 
are  insoluble  in  alcohol  or  water,  decompose  at  210°,  and  melt  at  215° 
to  a  brown  liquid.  The  following  analytical  data  indicate  that  the 
compound  is  the  hydrochloride  of  diacetobenzylideneimide : 

0-2600  gave  0-1075  AgCl.     CI  =  10-23. 

0-2678     „     9-2  cc.  moist  nitrogen  at  18°  and  770  mm.     N  =  402. 
C,o^„,OjN,HCl  requires  CI  =  1039  ;  N  =  410  per  cent. 

The  filtrate  from  the  imide,  after  removing  the  benzaldehyde  by 
extraction  with  ether,  yields  on  evaporation  a  solid  which  contains 
ammonium  chloride,  as  h^is  been  proved  by  the  preparation  and  the 
analysis  of  the  platinichloride  : 

0-3760  left,  on  ignition,  01645  Pt.    Pt-43-75. 

(Nff,)jH2PtClg  requires  Pt  =  43-84  per  cent. 

Diacetobenzylideneimide,  on  heating  with  dilute  hydrochloric  acid, 
decomposes ;  the  compound,  however,  which  is  formed  along  with 
benzaldehyde  has  not  yet  been  carefully  examined.  I  hope  shortly 
to  publish  the  result  of  this  study,  together  with  the  outcome  of  the 
further  researches  on  the  behaviour  of  bases  towards  olefine-)3-keto- 
carboxylic  esters. 

In  conclusion,  I  may  mention  an  experiment  which  has  been  under- 
taken with  the  view  of  condensing  ethyl  chloromalonate  with  benz- 
amidine.  It  has  been  found,  indeed,  that  a  reaction  takes  place 
on  mixing  alcoholic  solutions  of  sodium  ethoxide  with  ethyl  chloro- 
malonate and  heating  tlte  mixture  on  the  water-bath,  but  that  a 
replacement  of  the  chlorine  is  not  effected.  The  compound  which  is 
formed  is  the  benzamidide  of  chloromalonic  acid, 

It  is  isolated  from  the  product  of  the  reaction  by  evaporating  off 
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the  alcohol,  washing  the  dark  residue  with  water,  then  dissolving  this 
in  ammonia,  in  which  it  is  freely  soluble,  decolorising  the  solution  with 
animal  charcoal,  and  finally  adding  to  the  filtrate  an  excess  of  dilute 
hydrochloric  acid.  The  white  precipitate,  which  is  thus  formed,  is  in- 
soluble in  water  or  organic  solvents,  and  does  not  melt  at  320° : 

0-2158  gave  04283  COg  and  00630  Hfi.    C  =  5412  ;  H  =  3-24. 
0-2252     „     24-6  c.c.  moist  nitrogen  at  18°  and  765  mm.  N  =  12-70. 
0-2332     „     01493  AgCl.     01  =  1584. 
C10N7O2N2CI   requires   C- 53-93;    H  =  314;    N  =  12-58;    01  =  1595 

per  cent. 

An  analogous  bromo-compound  is  formed  on  using  ethyl  bromo- 
malonate. 

GONVILLE  AND   CAIUS  COLLEOE, 

Cambridge. 


XLII. — Distillation  of  Chlorine  Water, 
By  Arthur  Richardson,  Ph.D. 

The  composition  of  chlorine  water  and  its  hydrate  has  from  time  to 
time  occupied  the  attention  of  chemists  ever  since  the  discovery  of 
hypochlorous  acid  by  Ballard  in  1833.  Following  on  this  discovery, 
we  find  the  &tatement,"apparently  due  to  Schonbein  in  the  first  instance, 
that  the  chlorine  in  chlorine  hydrate  is  present  as  hypochlorous  and 
hydrochloric  acids,  and  that  its  composition  is  represented  by  the 
formula  HC1,H010,9H20.  It  does  not  appear,  however,  that  this 
statement  was  based  on  any  direct  experimental  evidence,  although 
indirectly  it  received  some  support  from  an  observation  of  Millon  made 
in  1849,  who  found  that  a  mixture  of  the  two  acids  was  stable  in  very 
dilute  solutions  at  the  ordinary  temperature.  The  abnormal  solubility  of 
chlorine  in  water  observed  by  Roscoe  (this  Journal,  1856,  8, 15)  at  tem- 
peratures near  that  at  which  the  hydrate  is  formed  led  him  to  suspect 
the  formation  of  the  oxy-  and  hydr-acids  of  chlorine  in  the  solution.  To 
determine  whether  they  were  present  or  not,  he  passed  a  stream  of 
carbon  dioxide  through  chlorine  water,  and  led  the  escaping  gas  into  a 
large  volume  of  pure  water,  for  since  the  oxy-acids  are  volatile  it  was 
to  be  expected  that,  if  present,  they  would  distil  more  or  leas  com- 
pletely from  the  first  solution  into  the  second,  leaving  excess  of  the 
less  volatile  hydrochloric  acid  behind.  Analysis  showed,  however,  that 
no  such  separation  had  taken  place,  but  that  the  whole  of  the  chlorine 
removed  by  the   inert  gas   was  present  in  the  free  state.      Roscoe 
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tbereforv  tAMniuoru  iii;«i  im-  i>a^-  nua  ii^iir-»rtun  were  abeent  from 
chlorine  wntvr.  Copnor  (/>Vr.,  1875,  8,  287),  oommentiog  on  the 
«b«ence  of  coutirniation  for  Schunbein's  statement,  aseumed  that  the 
presence  of  hy()ochlorous  and  hydrochloric  acids  in  chlorine  hydrate 
was  proved  bj  the  fact  that  mercuric  chloride  was  formed  on  treating 
the  hydrate  with  mercury  (Waltner's  reaction).  Schifif  (Ar.,  1875, 
8,  41U/,  on  the  other  hand,  showed  that  the  same  result  was  obtained 
when  free  chlorine  was  treated  with  the  metal,  this  test  failing  to 
prove  the  presence  of  the  two  acids  in  the  hydrato.  Jakowkin  (Ber.t 
1897,30,515;  £eit. phjfaikaL  Chem,,  1899,  29,  613),  from  a  study 
of  the  electrical  conductivity  of  chlorine  water,  was  le<l  to  the 
conclusion  that  very  dilute  solutions  undergo  dissociation  into 
hydrochloric  and  hypochlorous  acids,  Cl2,aq=^HCl  +  HClO)aq. 
He  found  the  conductivity  at  0°  to  be  equal  to  that  of  hydro- 
chloric acid  containing  the  same  amount  of  hydrogen  chloride, 
and  concluded  that  the  oxy-acid  is  a  non-electrolyte ;  the  con- 
ductivity of  the  solution  was  much  diminished  with  increased 
concentratioo.  The  recent  photochemical  researches  of  Mellor 
(Trans.,  1901,  79,  216  ;  1902,  81,  1280 ;  Mellor  and  Anderson,  ibid., 
1902.  81,  414;  and  Mellor  and  Russell,  ibid.,  1902.  81,  1272),  serve 
to  empliasise  the  fact  that  chlorine  gas,  whether  alone  or  in 
preeence  of  hydrogen,  is  sensitive  to  light  only  when  water  is  present ; 
indeed,  the  new  facts  recorded  and  the  exhaustive  bibliography  con- 
tained in  these  papers,  whilst  forming  a  valuable  contribution  to  our 
knowledge  of  the  subject,  show  also  the  need  of  further  information 
regarding  the  composition  of  chlorine  water,  whether  in  the  liquid  or 
"  gaseous  "  state,  in  order  that  the  more  complicated  reactions  brought 
aboat  by  light  may  be  satisfactorily  explained. 

Closely  connected  with  the  present  work  is  the  observation,  made 
many  years  ago  by  Pickering  (Trans.,  1880,  37,  139),  that  when 
chlorine  water  was  heated  in  an  evaporating  basin,  an  aqueous  solution 
of  hydrochloric  acid  remained  after  all  the  active  chlorine  had  been 
expelled.  This  result,  since  confirmed  by  my  own  experiments,  led  me 
to  inquire  whether  the  formation  of  hydrochloric  acid  in  the  residue 
was  accompanied  by  the  separation  of  hypochlorous  or  other  volatile 
OEj-moidf  or  whether  the  active  chlorine  escapes  only  in  the  free  state. 
To  teet  this,  advantage  was  taken  of  the  fact  that  when  even  very 
dilate  aqueous  solutions  of  hypochlorous  acid  are  distilled,  the  oxy-acid, 
together  with  water,  passe^over  below  100°.  It  seems  probable,  there- 
fore, that  by  slowly  distilling  chlorine  water,  any  oxy-acid  present 
would  be  found  together  with  free  chlorine  in  the  distillate. 

Separatum  of  Free  Chlorine  from  Uffpoddcroue  Acid, — Before 
approaching  this  problem,  it  was  first  necessary  to  devise  some  simple 
means  of  separating  free  chlorine  from  hypochlorous  acid,  since  the 
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tests  for  the  oxy-acid  io  the  presence  of  free  halogen  are  far  from 
satisfactory.  The  difference  between  the  vapour  pressures  of  the  two 
solutions  affords  a  ready  means  of  doing  this  :  thus  on  passing  an  air 
current  through  chlorine  water  the  free  chlorine  is  rapidly  removed, 
whilst  a  similar  aspiration  has  but  little  effect  on  the  strength  of  dilute 
solutions  of  the  oxy-acid.  This  is  seen  to  be  the  case  from  the  following 
results  obtained  on  estimating  the  active  chlorine  in  samples  of  freshly 
prepared  chlorine  water,  and  of  dilute  solutions  of  hypochlorous  acid, 
in  each  case  before  and  after  aspiration  with  a  current  of  air  saturated 
with  moisture  for  4  hours. 

Table  I. 


No. 

Solution. 

Before  aspiration. 

After  aspiration. 

1 

100  c.c.  chlorine  water 

Active  chlorine  = 
44  c.c.  N/10  Na2S20, 

Active  chlorine  = 
trace 

2 

100  c.c.  hypochlorous 
acid 

Active  chlorine = 
20  c.c.  N/10  NajSjOs 

Active  chlorine  = 
20  cc.  N/10  Na^O, 

3 

100  c.c.  hypochlorous 
acid 

Active  chlorine  = 
92  c.c.  N/IQ  NaaSgOj 

Active  chlorine  = 
90  c.c.  N/10  Na^O, 

4 

60  C.C.  chlorine  water*  i 

60  c.c.  hypochlorous   l 
acid                ) 

Active  chlorine  =     \ 
22  c.c.  ^/10Na^,0,f 

Active  chlorine  =     1 
45  c.c.  JVyiO  Na^SjO,  ? 

Active  chlorine = 
44  CO.  N/10  Na^^O, 

Such  a  process  would  obviously  not  apply  to  strong  solutions  where 
the  vapour  pressure  of  the  acid  is  considerable  ;  in  the  present  work, 
however,  we  are  concerned  only  with  solutions  of  the  same  order  of 
strength  as  those  just  indicated.  This  method  was  therefore  applied 
to  the  separation  of  free  chlorine  from  the  products  of  distillation  of 
chlorine  water  in  the  experiments  now  to  be  described. 

Chlorine  water  was  first  prepared  with  chlorine  generated  by  the 
action  of  hydrochloric  acid  on  potassium  dichromate,  the  gas  being 
passed  through  water,  then  through  a  solution  of  chromic  acid 
contained  in  a  tube  1  metre  long  placed  in  an  oblique  position,  and 
finally  through  water  in  a  washing  bulb,  the  exit  tube  of  which  was 
sealed  to  a  delivery  tube  dipping  into  the  water  to  be  saturated  with 
the  gas. 

*  Here  it  la  leen  that  the  free  chlorine  in  chlorine  water  is  completely  removed 
by  aspiration,  whereas  the  strength  of  solutions  of  hypochlorous  acid  is  only  little 
altered  by  the  process,  whilst  in  a  mixture  of  the  free  halogen  and  oxy-acid  the 
former  only  is  withdrawn  by  the  air. 


UICIIARDSON  :    DISTILL ATIOX    OP  CIILOKINK   WATKit  388 

DUtUUuion  qf  Chlorint  WaUr. 

/. — When  500  c.c.  of  wat«r,  sat  united  with  chlorine  at 
the  ordinary  temperature  and  pressure,  were  gently  heated  in  a 
retort,  drops  of  distillate  soon  began  to  pass  over  together  with  free 
chlorine.  In  3  hoars,  48  cc.  were  collected,  although  the  contents 
of  the  retort  had  at  no  time  been  allowed  to  boil.  After  the  lamp 
was  removed,  an  additional  10  c.c.  of  liquor  distilled  over  from  the 
hot  solution.  In  the  first  place,  the  excess  of  free  chlorine  was 
removed  from  the  58  ca  of  distillate  collected  by  aspiration  with  a 
current  of  air.  After  2  hours,  the  smell  of  chlorine  had  entirely  dis- 
appeared, but  the  solution  was  still  rich  in  active  chlorine,  for  it 
liberated  iodine  freely  from  potassium  iodide,  immediately  bleached 
indigo  solution,  and  on  shaking  with  mercury  gave  a  brownish-yellow 
deposit  resembling  that  obtained  with  hypochlorous  acid,  and  in  this 
respect  differing  entirely  from  the  slaty-grey  precipitate  formed  when 
ordinary  chlorine  water  was  treated  with  the  metal. 

The  residual  solution  in  the  retort  still  smelt  of  free  chlorine,  and 
100  cc  were  subjected  to  aspiration.  After  2  hours,  the  solution 
failed  to  liberate  a  trace  of  iodine  from  potassium  iodide,  and  reddened 
but  did  not  bleach  litmus  ;  it  gave  a  white  precipitate  of  silver  chloride 
with  silver  nitrate,  thus  proving  the  presence  of  hydrochloric  acid. 

In  this  experiment,  the  preparation  and  distillation  of  chlorine 
water  was  conducted  in  the  diffused  light  of  an  Indian  summer  day  ; 
it  seemed  possible,  therefore,  that  the  results  here  obtained  might  be 
due  to  photo -chemical  action,  since  Peddler  (Trans.,  1890,67,  613)  has 
shown  that  the  oxy-acids  of  chlorine  are  formed  by  the  action  of 
diffused  light  on  chlorine  water. 

Experiment  II. — Fresh  chlorine  water  was  therefore  prepared  and 
distilled  in  a  dark  room.  In  this,  as  in  the  former  experiment,  the 
distillate,  after  removal  of  free  chlorine,  bleached  indigo,  freely  liber- 
ated iodine  from  potassium  iodide,  and  gave  the  characteristic  yellow 
precipitate  with  mercury.  The  residual  solution  contained  hydro- 
chlorie  acid,  this  result  proving  that  the  changes  observed  in  the 
first  experiment  are  not  due  to  the  action  of  light;  to  avoid  com- 
plications, however,  all  the  subsequent  experiments  were  made  in 
a  dark  room. 

Expmrmemi  III, — ^The  last  experiment  was  next  repeated 
with  washed  chlorine,  ftprther  purified  by  conversion  into  the 
hydrate  at  0^,  the  gas  evolved  from  the  melting  crystals  having 
been  led  into  redistilled  water.  Distillation  of  the  chlorine  water 
so  prepared  gave  a  distillate  similar  in  all  respects  to  that  obtained  in 
the  previous  experiments  ;  the  residual  solution  contained  hydrochloric 
acid,  thus  showing  that  further  purification  of  the  chlorine  does  not 
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influence  the  result  obtained.  From  these  qualitative  experiments 
it  is  seen  that,  when  chlorine  water  is  heated,  a  mixture  of  free 
chlorine  and  an  oxy-acid  passes  off,  leaving  hydrochloric  acid  in  the 
solution. 

In  order  to  study  this  reaction,  it  was  first  necessary  to  further 
characterise  the  oxyacid.  For  this  purpose,  the  total  chlorine  and  also 
the  active  form  of  this  element  were  estimated  in  the  distillate  after 
removing  the  free  chlorine  by  aspiration.  Now  it  is  obvious  that  a 
comparison  of  the  values  so  obtained  will  serve  as  an  indication  of 
the  condition  of  the  active  chlorine  present ;  thus,  if  it  is  in  the  free 
state,  the  values  found  by  the  iodometric  method  will  agree  with  those 
obtained  for  the  total  chlorine  estimated  as  silver  chloride  after  treat- 
ment with  sulphurous  acid  : 

Clg  +  Hfi  +  HgSOg  =  2HC1  +  H2SO,. 
2  eq.  2  eq. 

If,  on  the  other  hand,  the  halogen  is  present  as  an  oxy-acid,  this 
agreement  will  no  longer  hold  ;  thus  in  the  case  of  hypochlorous  acid 
the  active  chlorine  will  be  represented  by  a  value  double  that  found 
for  the  total  chlorine  : 

2HC10  +  2H2SO3  =  2HCi  +  2H2SO,. 
4  eq.  2  eq. 

Analytical  Method. — The  active  chlorine  was  estimated  iodometric- 
aliy  with  N/IO  sodium  thiosulphato  after  addition  of  potassium  iodide 
and  hydrochloric  acid.  The  volumetric  estimation  of  the  total 
chlorine  is,  however,  complicated  by  the  excess  of  sulphurous  acid, 
added  in  the  first  instance,  which  is  precipitated  as  silver  sulphite  in 
neutral  solutions.  Roscoe  {loc.  cit,)  overcame  this  difficulty  by  esti- 
mating the  chloride  gravimetrically  in  the  solution  acidified  with 
nitric  acid.  The  large  number  of  estimations  demanded  by  the  present 
work,  however,  called  for  some  simple  means  of  removing  the  excess 
of  sulphur  dioxide  in  order  that  the  chloride  might  be  estimated 
volumetrically.  In  order  to  do  this,  the  original  solution  containing 
excess  of  sulphurous  acid  was  largely  diluted,  and  then  heated  in  an 
evaporating  basin  at  a  temperature  just  below  the  boiling  point ;  by 
this  means,  the  sulphur  dioxide  was  rapidly  expelled,  so  that  on  adding 
potassium  chromate  no  trace  of  green  chromic  chloride  was  formed  ;  the 
cold  solution  was  then  neutralised  with  sodium  hydrogen  carbonate  and 
the  titration  with  silver  nitrate  carried  out  in  the  usual  way. 

The  accuracy  of  the  method,  on  which  the  later  results  entirely 
dep:>nd,  is  seen  on  comparing  the  values  obtained  for  the  active  and 
total  chlorine  found  in  dilute  chlorine  water,  as  estimated  by  ^/lO 
thiosulpliate  and  silver  nitrate  respectively,  as  follows  : 
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II. 


Suar-le. 


A  t-vv  ■■].!.. 


Ayio  Nhs,o, 


Total  chlori 
10  cc  =8-7    c.c.  JVyiO  AgNO, 


»    ,   10  c.c.  -4   f''^ 


10  c.c.  =4-60 


»      10cc.  =  U-«0 
I  S  10cc  =  ll-50 


10  CO.  =  11-6 


BLaTiog  decided  these  preliminary  points,  the  active  and  total 
chlorine  in  the  products  of  distillation  of  chlorine  water  were  there- 
fore estimated  in  this  way. 

Analytical RuulU, — Freshly  prepared  chlorine  water  (1000  c  c.),when 
distilled  for  6  hoars  at  a  temperature  just  below  the  boiling  point, 
yielded  77  c.c.  of  distillate.  After  2  hours'  aspiration,  the  active  and 
total  chlorine  in  one  portion  of  the  distillate  was  estimated  with  the 
following  result,  calculated  for  the  total  distillate  :  active  chlorine 
=  261  cc.  A710  Na^jO, ;  total  chlorine  -  U  c.c.  A^/10  AgNOj. 

Here  the  proportion  of  active  to  total  chlorine  found  is  not  far 

removed  from  the  ratio  2:1.     The  remainder  of  the  distillate  was 

again  aspirated  for  4  hours  to  remove  any  free  chlorine  still  present. 

\nalysis  then  gave:  active  chlorine  «>22'3  c.o.  3^/10  KsiS^O,  ;   total 

lorine  -110  c.c.  iV/10  AgNO,. 

The  active  chlorine  is  here  represented  by  a  value  almost  exactly 
double  that  found  for  the  total  chlorine,  showing  that  it  is  present  as 
hypochlorous  acid. 

Analysis  of  the  residual  solution  in  the  retort,  after  aspiration  for 

hours  in  the  cold,  gave  for  the  total  residue  :  active  chlorine,  absent ; 
il  chlorine  -29*3  c.c.  3^/10  AgNO,. 

This  value,  which  is  seen  to  be  largely  in  excess  of  the  total  chlorine 
foond  in  the  distillate,  shows  that  under  the  conditions  of  the  experi- 

mt  the  reacting  chloride  is  not  equally  divided  between  the  two 
facids.  It  seemed  probable,  ^owever,  that  this  result  might  be  due  to 
the  gradual  decomposition  of  part  of  the  hypochlorous  acid,  under  the 
longed  action  of  heat,  which  was  inevitable  during  distillation  for 

hours  at  temperatures  below  the  boiling  point;  the  process  was 

irefore  modified  to  overcome  this  difficulty. 

Chlorine  water  was  now  distilled  at  the  boiling  point  in  a  stream  of 
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chlorine  gas,  the  solution  being  heated  in  a  distilling  flask,  through 
which  a  stream  of  chlorine  was  passed  by  means  of  an  inlet  tube 
ground  into  the  neck  of  the  flask,  and  sealed  to  the  water  bulb  con- 
nected with  the  washing  apparatus  of  the  chlorine  generators.  The 
side  tube  was  ^-ealed  to  the  inner  tube  of  a  Liebig's  condenser,  the 
distillate  being  collected  in  the  small  open  distilling  flask  from  which 
excess  of  free  chlorine  was  removed  by  means  of  a  side  tube  attached 
to  an  aspirator.  After  400  c.c.  of  chlorine  water  had  been  rapidly 
distilled  in  a  current  of  the  gas  until  195  c.c.  of  distillate  had  passed 
over,  the  free  chlorine  was  removed  from  the  distillate  and  residue  by 
aspiration  for  4  hours,  and  the  two  solutions  were  analysed : 


Total  distillate  (195  cc). 


Active  chlorine: 
Total 


48-7  cc.  N/10  Na^SjO, 
:25-9        „        AgNOj 


Total  residue  (205  c.c.) 


Active  chlorine  absent 
Total  chlorine =25 -6  c.c.  N/10  AgNO, 


This  experiment  indicates  that  at  the  boiling  point,  as  at  lower  tem- 
peratures, hypochlorous  acid  passes  over  when  chlorine  water  is  dis- 
tilled, and  that  the  values  obtained  for  the  total  chlorine  in  the 
distillate  and  residue  are  now  in  close  agreement,  showing  that  the 
reacting  chlorine  is  equally  divided  between  the  two  acids.  Under 
these  conditions,  therefore,  the  change  is  represented  by  the  equation  : 


CL 


+  HoO  =  HCIO  + 


HCl. 


Even  under  these  more  favourable  conditions,  the  proportion  of 
hydrochloric  acid  tends  to  increase  with  slow  distillation  and  prolonged 
digestion.  Thus,  in  one  case,  in  which  50  c.c.  only  were  allowed  to 
distil  over  in  8  hours,  the  total  chlorine  in  the  residue  reached  a  value 
double  that  found  in  the  distillate. 

This  led  me  to  test  the  stability  of  chlorine  water  at  the  boiling 
point  when  distillation  and  the  consequent  separation  of  the  two  acids 
were  altogether  prevented,  the  object  being  to  determine  whether 
hydrochloric  acid  was  a  decomposition  product  of  the  action  of  heat 
on  chlorine  water,  or  whether  it  was  strictly  a  dissociation  product 
depending  for  its  separation  on  the  isolation  of  hypochlorous  aoid  in 
the  distillate.  To  decide  this,  a  fresh  quantity  of  chlorine  water  was 
heated  in  the  same  apparatus  as  before,  but  in  this  case  the  flask  was 
fitted  with  an  upright  condenser  so  that  the  distillate  returned  to  the 
distilling  flask.  A  continuous  stream  of  chlorine  was  passed  through 
400  c.c.  of  the  solution,  which  was  kept  at  the  boiling  point  for 
5  hours,  the  free  chlorine  being  then  removed  in  the  cold.  Analysis 
gave  for  the  total  volume:  active  cblorine  absent;  total  chlorine 
-4c.c.  iVr/10  AgNOg. 
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In  a  McoDd  experiment,  when  the  solution  was  boiled  for  3  hours, 
it  contained,  after  aspiration,  no  active  chlorine,  and  total  chlorine 
-l-7c.c.iV/lO  AgNO,. 

The  small  amount  of  chloride  found  under  these  conditions  shows 
that,  when  the  separation  of  the  two  acids  is  prevented,  chlorine  water 
undergoes  very  little  decomposition  at  the  boiling  point.  These  results 
also  indicate  that  the  formation  of  the  two  acids  during  distillation  is 
due  to  the  removal  of  one  of  the  acids  from  the  sphere  of  action,  and 
not  to  the  action  of  the  chlorine  water  on  the  alkali  contained  in  the 
glass.  We  are  therefore  led  to  the  conclusion  that  hypochlorous  and 
hydrochloric  acids  are  separated  during  distillation  as  the  products 
of  the  partial  change  of  chlorine  water. 

This  conclusion  is  further  justified  by  the  fact  that,  on  mixing  the 
residue  and  distillate  obtained  by  distilling  chlorine  water,  a  solution 
haTing  all  the  properties  of  the  original  chlorine  water  is  reproduced. 
Thus,  in  one  experiment,  160  c.c.  of  distillate  were  collected  from 
■400  cc.  of  chlorine  water  distilled  in  a  current  of  chlorine  gas  ;  the 
free  chlorine  was  then  removed  from  the  residue  and  distillate  by 
aspiration  until  the  air-current,  when  passed  through  a  solution  of 
potassium  iodide,  failed  to  liberate  a  trace  of  iodine.  The  two 
solutions  were  then  analysed  : 

Total  distillate.  ToUl  residae. 

Active  chlorine  =  52  c.c.  N/IO  Na^jO,.        Active  chlorine  absent. 
ToUl  chlorine  =  26-5  cc.  NflO  AgNO,.  Total  chlorine  =  28  c.c.  A71O  AgNO,. 

Half  of  the  residue  and  a  similar  proportion  of  the  distillate  were  then 
mixed,  with  the  result  that  the  product  now  smelt  of  free  chlorine,  and 
on  renewed  aspiration,  the  escaping  air  freely  liberated  iodine  from 
potassium  iodide. 

Analysis  of  the  aspirated  solution  now  gave :  active  chlorine 
absent,  total  chlorine  =  3  c.c.  iV/lO  AgNO,,  thus  showing  that  mutual 
decomposition  of  the  two  acids  with  evolution  of  free  chlorine  had 
^ken  place. 

HCIO  +  HCl  -  Clj  +  H,0. 

The  conditions  which  influence  the  change  were  now  further  studied. 
In  the  first  place,  an  experiment  was  made  to  determine  whether  the 
two  acids  are  actually  formed  by  the  action  of  chlorine  on  water  at 
the  boiling  point,  or  whether  they  have  their  origin  in  the  cold  solution, 
dibtillation  in  such  a  ca^  serving  only  to  separate  the  acids  first 
formed.  To  decide  this,  loO  c.c.  of  pure  water  were  first  heated  to 
the  boiling  point  and  then  saturated  with  chlorine  gas,  the  distillation 
being  carried  out  as  before ;  100  c.c.  of  distillate  contained,  after 
aspiration:  active  chlorine » 40  c.c.  Nl  10  Na^S^O,;  total  chlorine » 
21  cc.  iVVlO  AgNO,. 
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The  residue  contained  no  active  chlorine,  and  total  chlorine  = 
36-5  c.c.  J\r/10  AgNOg. 

These  results  show  that  at  the  boiling  point  chlorine  reacts  with 
water,  forming  the  oxy-  and  hydr-acids.  The  composition  of  the  distil- 
late before  and  after  removal  of  the  free  chlorine  by  aspiration  was 
now  determined,  in  order  to  gain  some  idea  as  to  the  proportion  of 
hypochlorous  acid  to  free  chlorine  passing  over  in  solution  in  the 
distillate.  To  do  this,  the  last  experiment  was  repeated,  160  c.c.  of 
distillate  being  collected  from  the  distillation  of  400  c.c.  of  solutipn. 
Analysis  gave  for  the  total  distillate  : 

Before  aspiration,  active  chlorine  =  162*0  c.c.  A^/IO  NagSgOg. 
Alter  ,,  ,,  ,,       =    4J'4    „        „  ,, 

total  „       =    20-9    „       „     AgNOg. 

Here  it  is  seen  that  about  one-quarter  of  the  active  chlorine  in  the 
original  distillate  is  present  as  hypochlorous  acid. 

In  very  dilute  solutions,  the  whole  of  the  free  chlorine  taken  appears 
to  enter  into  reaction  with  the  water.  Thus,  in  a  series  of  experiments 
in  which  solutions  of  chlorine  water  of  different  degrees  of  dilution 
were  distilled  from  a  retort,  the  values  for  the  active  and  total  chlorine 
found  in  the  distillates  without  previous  aspiration  approached  more 
nearly  to  the  ratio  2  :  1  as  dilution  increased  ;  finally,  chlorine  water 
containing  active  chlorine  (  =  20  c.c.  of  A^IO  Na^SgOg)  in  2000  c.c. 
of  water  were  distilled  ;  90  c.c.  of  distillate  gave,  without  previous 
aspiration,  active  chlorine  =  3*6  c.c.  iVyiO  NagSgOg,  total  chlorine  = 
1*8  c.c.  N/IO  AgNOg,  showing  that,  in  this  case,  all  the  free  chlorine 
taken  had  reacted  with  the  water,  hypochlorous  acid  alone  passing  over 
into  the  distillate. 

The  next  experiment  was  made  to  determine  the  amount  of  hypo- 
chlorous acid  formed  at  the  different  stages  of  the  distillation.  Three 
fractions  (each  of  80  c.c.)  were  collected  from  400  c.c,  of  pure 
water  distilled  in  a  stream  of  chlorine  gas,  the  rate  of  the  gas  current 
and  of  the  distillation  being  kept  as  nearly  uniform  as  possible.  Analysis 
after  removal  of  free  chlorine  gave  the  values  tabulated  on  p.  389. 

These  numbers  show  that  the  yield  of  hypochlorous  acid  steadily 
diminishes  as  distillation  proceeds ;  though  in  each  fraction  the  close 
agreement  between  the  values  found  for  the  active  and  total  chlorine 
with  those  required  by  theory  for  hypochlorous  acid  is  well  maintained. 
This  decrease  in  yield  is  such  as  might  be  expected,  since  the  removal 
of  the  oxy-acid  in  the  distillate  is  attended  by  the  separation  of  fresh 
hydrochloric  acid  in  the  residual  solution,  reaching  in  this  case  a  value 
=  54*2  c.c.  iVyiO  AgNOg  when  the  last  fraction  had  passed  over ;  the 
concentration  of  the  acid  already  formed  also  tends  to  increase  as  the 
water  distils  off  in  the  process. 
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FracUon. 

Active  chlorioe. 

ToUl  chlorine. 

DisUlUt«(l).    80  c 
(2).     80 
(8).     80 

t0-2cc  A^/l0N«AOs 
79-7       ,. 

20«  CO.  N/IO  A«NO, 
116 

8-7        „ 

ToUl  dUtaUt«=240  cc... 

40-9 

Residues  160  CO Absent  |      542 


The  influence  of  hydrochloric  acid  on  the  dissociation  was  further 
studied  in  the  following  experiment,  in  which  the  solutions  described 
below  were  distilled  in  a  stream  of  chlorine ;  60  c.c.  of  distillate  in 
each  case  were  collected,  the  active  chlorine,  as  hypochlorous  acid,  being 
estimated  after  the  removal  of  free  chlorine  by  aspiration. 

(1)  150  c.c.  of  pure  water  gave  active  chlorine  in  the  distillate 
=  28-8  c.c.  iV^/10  Na2S203. 

(2)  150  c.c.  of  water  containing  HC1  =  25'9  c.c.  i^/10  AgNOg  gave  a 
distillate  containing  active  chlorine  =12  c.c.  iV/lO  NagSgOg. 

(3)  150  c.c.  of  the  residual  solution  from  a.  previous  experiment,  in 
which  HC1  =  25-9  c.c.  3710  AgNOg  had  already  been  formed  during 
distillation,  was  again  distilled  ;  the  distillate  contained  active  chlorine 
=  13  c.c.  37^^  N^gSjOg.  Thus  the  presence  of  hydrochloric  acid, 
whether  added  to  or  formed  in  the  solution,  causes  a  marked  decrease 
in  the  yield  of  hypochlorous  acid  passing  over  during  distillation. 

The  results  of  a  large  number  of  experiments  made  to  determine  the 
strength  of  hydrochloric  acid  required  to  arrest  entirely  the  formation 
of  the  oxy-acid  during  distillation — that  is,  to  ensure  complete  stability 
of  the  chlorine  water — showed  that  it  was  not  until  a  strength  equal  to 
1  part  of  concentrated  HCl  to  8  parts  of  chlorine  water  bad  been 
reached  that  the  oxy-acid  ceased  to  distil  over. 

In  conclusion,  an  experiment  was  made  to  investigate  the  dit^so- 
ciation  of  chlorine  water  at  the  ordinary  temperature ;  this  was  done 
by  distilling  the  solution  under  diminished  pressure  in  the  apparatus 
indicated  (p.  390).  This  consisted  of  a  bolt-head  flask,  i4,  the  neck  of 
which  was  enlarged  at  B  and  contained  a  tube  (7  of  15  c.c.  capacity, 
previously  filled  with  dry  chlorine  and  sealed,  the  end  of  B  being 
also  drawn  out  and  fealed.  Water  (500  c.c.)  was  boiled  in  A 
until  all  the  air  had  been  expelled  by  the  side  tube,  Z),  which  was 
then  sealed  up  at  its  drawn-out  extremity.  When  the  water  in  A 
was  cold,  the  bulb  C  was  broken  inside  B  and  the  flask  shaken 
until  the  chlorine  was  absorbed.     By  means  of  the  india-rubber  tube 
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and  mercury  cup  G^  the  end  of  E  was  tightly  fixed  in  the 
neck  of  the  flask  F^  which  was  provided  with  a  side  tube,  ZT,  and 
contained  50  c.c.  of  water  and  a  globube  of  mercury.  The  water  in 
F  was  now  boiled  to  expel  all  the  air,  and  //  was  sealed  off.  The 
two  flasks  were  then  connected  by  breaking  the  capillary  jF  inside  the 
neck  of  F^  and,  on  placing  ^  in  a  freezing  mixture,  the  liquid  in 
A  distilled  [into  F.  The  distillate,  when  finally  shaken  with  the 
mercury,  gave  rise  to  the  brownish-yellow  precipitate  characteristic  of 


hypochlorous  acid,  showing  that  the  oxy-acid  passes  over  from  chlorine 
water  under  diminished  pressure  at  the  ordinary  temperature. 
From  these  experiments  it  is  shown  : — 

(1)  That  when  chlorine  water  is  distilled,  it  undergoes  partial  change 
with  formation  of  hypochlorous  and  hydrochloric  acids, 

(2)  That  when  the  separation  of  the  two  acids  is  prevented,  chlorine 
water  is  practically  stable  at  the  boiling  point, 

(3)  That  the  amount  of  change  decreases  as  distillation  proceeds, 
owing  to  the  formation  of  hydrochloric  acid  in  the  original  solution, 
and  that  in  the  presence  of  a  large  excess  of  the  acid  only  free  chlorine 
passes  over  in  the  distillate. 

The  Central  Hindu  Collrob, 
Bbnaues,  India. 
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XLIll. — A  Series  of  Double  Chromates. 

By  Samukl  Hbitrt  Olifford  Brioos. 

Whilst  recentij  engaged  in  investigating  the  existence  of  the 
normal  chromales  of  copper,  nickel,  and  the  allied  metals,  I  was  led  to 
examine  the  action  of  potassium  and  ammonium  chromates  on  various 
metallic  salts  in  concentrated  aqueous  solution.  In  this  way,  the  salt, 
(NH^),Ni(CrO^)j,6H,0,  was  prepared,  as  well  as  an  isomorphous  mix- 
ture K,Ni[SO^,CrOJ^6HjO. 

A  double  salt,  (NH^)2Ni(CrO^)3,2NH3,  resulted  when  a  concentrated 
ammonia  solution  was  added  to  the  solution  of  the  compound 
(NH^),Ni(CrO^)j,6HjO,  and  the  copper,  cadmium,  and  zinc  double 
salts  crystallising  with  two  molecules  of  ammonia  have  also  been 
obtained. 

As  these  results  have  no  direct  bearing  on  the  original  object  of 
the  research,  which  is  not  yet  completed,  it  was  decided  to  publish 
them  separately. 

T%€  l8omarphau8  Mixture,  KjNi[CrO^,SOjj,6H20. 

Although  very  small  quantities  of  potassium  chromate  gave  basic 
salts  with  nickel  chloride  or  nitrate,  equivalents  of  nickel  sulphate  and 
potassium  chromate  could  be  mixed  in  solution  without  immediate 
precipitation. 

Ten  grams  of  potassium  chromate  in  17  c.c.  of  water  were  added  to 
14*6  grams  NiSO^jTH^O  in  20  c.c.  water,  the  solutions  having  been 
previously  cooled  in  ice.  The  crystals  which  Eeparated  were  collected 
and  dried  as  quickly  as  possible  with  filter  paper,  and  then  in  a 
desiccator. 

On  analysis,  a  specimen  was  found  to  contain  17*72  per  cent. 
CrO^  This  result  corresponds  with  an  isomorphous  mixture, 
K2Ni[CrO^,SOJy6H,0,  which  requires  1715  per  cent.  NiO  and  2114 
per  cent.  SO,,  whereas  the  amouuts  actually  found  were  17*34  per 
cent.  NiO,  and  21*40  per  cent.  SO,. 

The  only  double  salt  of  potassium  chromate  of  this  class  which  has 
yet  been  obtained  is  the  compound  R,Mg(Cr04)2f2H20.  The  double 
sulphate  corresponding  t^  this  crystallises  with  GH^O.  It  is  therefore 
of  interest  to  find  that  the  nickel  compounds  both  crystallise  with  six 
molecules  of  water.  All  attempts  to  prepare  the  double  salt, 
K2N  1(010^)2,61120,  in  a  pure  state  have  as  yet  proved  unsuccessful. 
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Nickel  Ammonium  Chromate,  {^B ^\'Si(CrO^\,QlIfi. 

This  compound,  which  was  first  obtained  by  the  action  of  ammonium 
ohromate  on  nickel  silicofluoride  in  concentrated  water  solution,  is 
more  conveniently  prepared  by  the  use  of  the  chloride,  nitrate  or  acetate, 
the  last  of  these  being  the  best,  as  in  this  case  the  preparations  are 
not  complicated  by  the  separation  of  basic  salts. 

Twenty-four  grams  of  ammonium  chromate  dissolved  in  50  c.c.  of 
water  were  added  in  the  cold  to  20  grams  of  NiClg.eHgO  in  20  c.c.  of 
water.  The  double  salt,  which  crystallised  out  on  standing,  was 
collected  and  separated  from  basic  salt  by  dissolving  a  few  grams  at  a 
time  in  a  small  quantity  of  water  at  40°,  and  allowing  the  solution  to 
crystallise.  The  mother  liquor  was  poured  off,  filtered,  and  used  for 
the  next  portion,  the  crystals  being  washed  with  a  little  water  and 
dried  in  the  air : 

Required  for 
Analyses.  Found.  (NHj2Ni(Cr04)j,6H30. 

CrOg 45-89  per  cent.  4601  per  cent. 

NiO  17-30         „  17-22 

NHj  7-94         „  7-83 

Since  this  double  chromate,  unlike  its  constituents,  could  be  recrys- 
tallised  from  water,  whereas  nickel  chromate  has  never  been  obtained 
from  aqueous  solution,  and  ammonium  chromate  can  only  be  recrystal- 
lised  from  water  containing  a  large  excess  of  ammonia,  it  appeared 
probable  that  the  solution  of  the  double  salt  would  contain  complex 
ions,  complete  dissociation  not  having  taken  place.  This  view  was 
supported  by  freezing  point  determinations : 

0-2032   in   9*941  water  gave  At  0370°,  M  =  104-0. 
0-4221    „    9-941  „  0  645°,  M- 124-0. 

0-6539    ,,13-146  „  0730°,  M  =  1285. 

Since  (NH^)2Ni(CrO^)o  has  a  molecular  weight  of  328,  complete  dis- 
sociation into  five  ions  would  give  a  molecular  weight  in  solution  of 
65*6.  The  experiments  could  not  be  extended  over  a  wider  range  of 
concentrations,  since  the  5  per  cent,  solution  is  saturated  at  the  freezing 
point,  whilst  solutions  containing  less  thin  2  per  cent,  of  the  double 
chromate  deposit  a  basic  salt  very  readily,  and  consequently  do  not  give 
satisfactory  values  for  the  depression  of  the  freezing  point. 

The  decomposition  of  the  double  ^alt  in  solution  is  very  much 
affected  by  the  addition  of  other  substances,  alcohol  or  cane  sugar  for 
example  causing  a  copious  precipitation  of  basic  Falts. 

Locke  (Amer.  Cfiem.  /.,  1902,  27,  280)  has  recently  drawn  attention 
to  the  many  points  of  difference  between  the  cbromates  and  6ulphatet«, 
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pMiieuUrly  with  reference  to  the  formation  of  double  taltA.  Attempt* 
have  therefore  been  made  to  obtain  double  chromates  by  the  action  of 
ammonium  chromateoo  salts  of  cadmium,  tino,  manganese,  and  copper, 
but  so  far  these  have  proved  unsuccessful ;  amorphous  precipitates 
being  the  usual  result.  Equivalents  of  ammonium  chromate  and 
eadmium  or  sine  silioofluoriile  could  be  mixed  in  suitably  concentrAted 
solutions  without  precipitation,  but  the  liquids  had  the  orange  colour 
of  the  Cr|Oy  anion,  and  evidently  contained  basic  salts  in  solution, 
which  were  deposited  on  cooling  in  ice,  and  dissolved  again  on  heating 
or  on  dilution. 


7%s  DoubU  Chromaies,  ('SU^\W\CrO^)^,2NHy 

This  series  of  double  chromates  probably  corresponds  in  constitution 
with  the  crystalline  salts  oontainiog  two  molecules  of  water,  such  as 
K,Mg(CrO^),.2H,0,  K,Ca(CrO,)j,2HjO,  and  Na^Cu{SO,)„2HjO  (Zeit. 
ph^ikal.  Chem.,  1902,  42,  1 — 16).  That  the  compounds  are  deriva- 
tives of  chromic  acid  and  not  dichromic  acid  is  evident  from  their  forma- 
tion in  alkaline  solution  and  also  from  the  lemon-yeliow  colour  of 
the  zinc  salt. 

Although  insoluble  in  cold  water,  these  salts  are  decomposed  by  hot 
water,  and  are  readily  dissolved  by  dilute  acids  or  ammonia  solution. 
They  undergo  no  change  when  heated  for  several  hours  at  100°,  but 
ammonia  is  given  off  below  200°,  and  a  sudden  decomposition  occurs 
between  200°  and  300°,  giving  rise  to  a  mixture  of  oxides. 

NieJM  Salt,  (NHj2Ni(CrO^)j,2NHs.— In  the  preparation  of 
(NHJ,Ni(Cr04)2,6H20  from  nickel  chloride,  a  trample  of  ammonium 
chromate  had  been  used,  which  contained  dichromate.  After  removal 
of  the  double  salt,  ammonia  solution  was  added  to  the  mother  liquor 
with  the  intention  of  converting  the  dichromate  into  chromate,  and 
then  obtaining  a  better  yield.  Brownish-red  crystals  Ksparated 
instead  of  the  bright  green  hexahydrate.  The  red  crystals  were 
washed  with  water,  dried  in  the  air,  and  analysed,  and  found  to  have 
the  composition  required  by  the  formula  (NH^)2Ni(Cr04)2,2NH, : 

Fouud.  Reqaired. 

NiO 20  83  per  cent.  2071  per  cent. 

CrO  55-38    „       „  5542    ,.       „ 

NH3"  18-76    „       „  18-87    „       „ 

Preparations  were  also  made  by  the  following  methods  : 

(1)  An    excess  of   ammonia   was  added   to   an  aqueous   solution 

of  (NU4)2Ni(Cr04)2.6H20;   the  liquid   slowly  evolved  ammonia  and 

yielded  a  brown  precipitate  which  was  apparently  a  basic  salt.     This 

was  dissolved  in  ammonia,  and  although  the  solution  was  allowed  to 
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remain  in  the  air  once  more,  no  crystals  were  formed.  The  addition 
of  another  ammonium  salt,  such  as  the  chloride  or  nitrate,  however, 
caused  the  crystallisation  of  the  compound  required,  the  separation 
of  which  was  very  much  aided  by  scratcliing  the  walls  of  the  con- 
taining vessel. 

(2)  Twelve  grams  of  NiSO^.THgO  were  dissolved  in  25  c.c.  of 
water  and  18  grams  of  (NH4)2Cr04  in  40  c.c.  of  water  were  added. 
Concentrated  ammonia  solution  in  excess  was  then  added  and  the 
mixture  allowed  to  remain  in  the  air,  when  the  brown  crystals  of  the 
double  salt  separated  out.  After  thorough  washing  with  water  and 
dilute  ammonia,  these  crystals  contained  no  sulphate.  Hence,  it  must 
be  concluded  that  a  double  sulphate  crystallising  with  two  molecules 
of  ammonia  isomorphous  with  the  double  chromate  is  not  produced 
under  the  conditions  of    the  experiment. 

When  the  compound  (NH4)2Ni(Cr04)2,2NH3  was  heated  it  evolved 
water  and  ammonia  below  200°,  and  underwent  sudden  decomposition 
at  280 — 290°  giving  a  black,  shining  powder.  The  residue  was  64  4 
per  cent,  of  the  original  substance,  and  was  probably  a  mixture  of 
Ni203,2Cr203  which  corresponds  with  64*8  per  cent,  residue,  whereas 
NiO,Cr203  requires  629. 

Copper  Salty  (NH4)2Cu(CrO^)2,2NH3. — Ten  grams  of  copper  carbonate 

and  26  grams  of  chromium  trioxide  were  dissolved  in  a  little   water 

and  the  solution  made  up  to  200  c.c.     Concentrated  ammonia  solution 

was  added  until  a  clear  liquid  was  obtained,  which  after  61tering  was 

allowed  to  remain  in  the  air.     The  double  chromate  separated  in  large, 

black,  shining   crystals,   these  were  filtered  off,  washed  with    dilute 

ammonia  and  dried  in  the  air  ;  the  yield  was  25  grams.     When  seen  in 

thin  layers  by   transmitted   light,  the  crystals    were  yellow,  but   in 

larger  quantities  they  were  deep  green  : 

Required  for 
Found.        (NH4),Cu(Cr04)^2N  H,. 

CuO 21-70  21-67 

CrOg 54-54  5477 

NHg 18-82  18-64 

When  heated,  the  compound  began  to  give  off  water  and  ammonia 
below  200°,  and  decomposed  suddenly  with  incandescence  between 
240°  and  250°,  leaving  a  voluminous  residue  of^  the  mixed  oxidee 
CuO,Cr203. 

Zinc  Sail,  (NH^)jZo(Ci04),.2NHj.— In  the  first  attempt  to  pre- 
pare this  compound  10  grams  of  zinc  hydroxide  and  20  grains  of 
chromium  trioxide  were  used,  the  preparation  being  carried  out  in 
exactly  the  same  way  as  described  for  the  copper  compound.  As  the 
excess  of  ammonia  was  given  o£f  the  solution  did  not  crystallise  but 
became  coated  with  a  gelatinous  scum,  which  dissolved  when  ammonia 
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wM  Added  but  was  deposited  again  on  standing.  The  addition  of 
another  ammonium  salt  such  as  the  chloride  or  nitrate  prevented 
thi5,  aud  caused  the  required  oompound  to  separate  in  bright,  lemon- 
yellow  crystals.  When  an  excess  of  chromium  trioxide  was  used,  for 
example,  26  grams  to  10  grams  of  the  hydroxide,  the  double  rait 
Mparated  without  the  addition  of  another  ammonium  salt.  It  therefore 
seems  probable  that  the  excess  of  ammonium  chromate  formed  in 
the  last  instance  had  the  same  effect  as  the  ammonium  chloride  in  the 
first  experiment,  the  action  being,  perhaps,  due  to  the  increase  in  con- 
centration of  ammonium  ions  thus  produced  : 

Required  for 
Foand.        (NH4)jZn(Cr04)^2Nn,. 

CrO, 54-41  54-44 

VIT  18-44  18-53 

Wnen  tne  suostance  was  heated  it  blackened  below  200°  giving  off 
water  and  ammonia,  and  decomposed  suddenly  at  255 — 270^  leaving  a 
voluminous  residue,  which  amounted  to  64*9  per  cent,  of  the  compound 
heated.     ZnO.Cr^O,  requires  63  per  cent. 

Cadmium  Sail,  (NH^)jCd(CrO^)j,2NH:3.— The  preparation  was  made 
from  26  grams  of  chromium  trioxide  and  13  grams  of  cadmium  oxide 
in  the  same  way  as  with  the  copper  and  zinc  compounds.  After 
a  day  or  two,  large,  yellow  crystals  separated  from  solution  ;  these 
were  analysed  with  the  following  result : 


Required  for 

Found. 

(NH,),Cd(CrO,)^2NH,. 

CdO 

31-23 

30-84 

CrO, 

48-36 

48-58 

NH, 

16-32 

16-45 

The  crystals  when  heated  became  darker  in  colour,  and  underwent 
sudden  decomposition  at  280 — 290^  giving  a  residue  with  a  bright 
grey,  metallic  lustre,  probably  a  combination  of  the  oxides.  A  residue 
of  67-62  per  cent  was  left  on  heating  the  salt,  whereas  CdOyCr^O, 
requires  67-61. 

Thk  ToaxsHiRX  Collsox, 
Li 
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XTiTV. — The    Chlorine  Derivatives   of  Pyiidine.     Part 
VI I L     The   Interaction   of  2  :S  :4:5-Tetrachloro- 
pyridine  with  Ethyl  Sodiomalonate. 
By  W.  J.  Sell,  M.A.,  F.R.S.,  and  F.  W.  Dootson,  M.A.,  D.Sc. 

The  interesting  syntheses  which  have  been  effected  by  the  action  of 
the  sodium  compounds  of  ethyl  malonateon  various  halogen  derivatives 
by  Conrad,  Bischoff,  and  others,  and  more  especially  by  W.  H.  Perkin, 
jun.,  suggested  that  this  reagent  might  be  of  use  in  the  syntheses 
of  carboxy  and  other  derivatives  of  pyridine.  Previous  experience 
has  shown  that  the  more  highly  chlorinated  pyridines,  although  they 
exhibit  a  high  degree  of  stability  towards  most  of  the  ordinary 
reagents,  are  nevertheless  attacked  by  alkalis  at  moderate  temperatures, 
with  the  displacement  of  at  least  one  chlorine  atom. 

The  first  compound  experimented  on  in  this  direction  was 
2:3:4: 6-tetrachloropyridine,  and  a  preliminary  trial  having  been 
attended  with  success,  a  considerable  quantity  of  material  was  worked 
up  in  the  manner  indicated,  a  good  yield  being  obtained  of  a  com- 
pound in  which  one  chlorine  atom  of  the  tetrachloropyridine  was 
replaced  by  the  group  -CH(C02Et)2. 

The  particular  chlorine  atom  displaced  is  regarded  as  the  one  which 
occupies  the  para-position  relatively  to  the  nitrogen  atom,  and  in 
support  of  this  hypothesis  the  following  facts  may  be  cited. 

Ammonia  interacts  with  2:3:4: 5-tetrachloropyridine,  giving 
2  :  3  : 5-trichloro-4-aminopyridine  (Trans.,  1900,  77,  3).  The  latter 
substance  was  converted  into  the  corresponding  hydroxy- derivative  by 
the  action  of  nitrosulphonic  acid  and  shown  to  be  identical  with  the 
compound  obtained  by  the  interaction  of  2:3:4: 5-tetrachloropyridine 
with  alcoholic  or  aqueous  sodium  hydroxide. 

Sodium  ethoxide  reacts  with  2:3:4:  5-tetrachloropyridine,  yielding 
an  oil  which,  on  prolonged  boiling  with  aqueous  hydrochloric  acid, 
gives  rise  to  2  :  3  :  5-trichloro-4-hydroxypyridine.  These  relationshiiis 
may  be  thus  indicated  : 

CI 

ci/\ci 

JCl 


OC^H, 

ci/\ci 

N 


(CjHoONii) 

< 


(NH.) 


V 


I 

OH 


ci/Nci 

\Jox 

N 


NH, 

ci/\ci 

N 


C^ 
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•videoM  that  a  chloriiM  atom   othpr  thnn 
paim-poftitioD  reUtivelj  to  nitro^<  od. 

Moreover,  since    in    S  :  3  :4  _    v ...v,;opyridine  the   remaining 

ydrogen  atom  is  adjacent  to  nitrogen,  it  is  primA  facia  improbable 
tliat  the  chlorine  atom  in  position  2  would  be  easily  replaceable,  and 
thus  far  it  has  not  been  found  possible  to  replace  the  chlorine  atoms 
in  positions  S  or  5  in  any  of  the  chloropyridines. 

The  above  facts  leave  little  room  for  doubting  that  ethyl  tricliloro- 
yriilylmalonate  it  correctly  represented  by  the  following  formula  : 

HC(CO,Et), 

CI^Cl 

;Jci- 

N 

Although  many  methods  of  hydrolysis  were  tried  both  in  acid  and 
Ikaline  solutions,  a  loss  of  carbon  dioxide  always  accompanied  the 
t  oces8,and  all  attempts  to  isolate  the  dicarboxylic  acid  were  unsuccessful. 
'n  the  other  hand,  by  the  interaction  of  moderately  concentrated 
ilphuric  acid,  a  good  yield  of  the  monocarboxy-derivative,  trichloro- 
yridylacetic  acid,  was  obtained,  the  change  involved  being  thus 
represented  : 

HC(CO,Et),  11  tXUOjH  )2 

n ^\ri  n /  \r'i 

'         ^,j    +    2H^,  -  Cl    "^    2EtHS0,. 

N 
The  dicarboxylic  acid  then  breaks  down  in  the  following  way  : 
HC(CO,H),  HjCCOjH 

N 

The  i^w;.v.v..i^^.^j..c  <.^..;  V......  w.wi.;..  vi   ..^  non-volatile ;  it  melts  at 

144 — 145^,  losing  carbon  dioxide  and   being  converted  quantitatively 
ito  2  : 3  :  5-trichloro-4-methyIpyridine,  which  latter,  on   boiling  with 
line  permanganate  solution,  is  slowly  oxidised   to  trichloroisonico- 
inic  acid.     The  relationship  of  these  substances  may  be  represented 
^aa  follows;  ; 


y 

N 


OHjCUjIl 

ci/\ci 
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An  attempt  to  obtain  sufficient  trichloropyridine  for  identification 
from  the  silver  salt  of  trichlorot«onicotinic  acid  was  unsuccessful  owing 
to  the  small  amount  of  acid  available,  but  it  is  hoped  to  repeat  this 
part  of  the  work. 

Experimental. 

Conversion  of  2:3:4:  b-Tetrachloropyridiite  into  Ethyl  Trichloro- 
pyridylincdonate. — Preliminary  trials  having  shown  that  ethyl  sodio- 
malonate  reacts  on  heating  with  2:3:4:  5-tetrachloropyridine,  replacing 
one  chlorine  atom,  and  that  longer  boiling  than  10  hours  is  prejudicial, 
the  plan  finally  adopted  for  the  preparation  of  ethyl  trichloropyridyl- 
malonate  was  as  follows.  Ethyl  malonate  (96  grams)  was  added  to  a 
solution  of  13*8  grams  of  sodium  in  300  c.c.  of  absolute  alcohol, 
followed,  after  thorough  agitation,  by  60  grams  of  the  tetrachloropyr- 
idine.  These  quantities  represent  rather  more  than  2  molecules  of 
ethyl  eodiomalonate  to  1  of  the  tetrachloropyridine.  The  whole  was 
then  boiled  in  a  reflux  apparatus  for  about  10  hours,  the  alcohol  being 
then  distilled  off  and  the  liquid  acidified  with  dilute  sulphuric  acid. 
The  separated  oil  was  then  washed  repeatedly  with  water,  dried  in 
vacuo,  and  fractionated  under  a  pressure  of  about  28  mm.  until  a  tem- 
perature of  150°  was  reached,  when  the  operation  was  stopped.  The 
distillate  contained  a  small  quantity  of  the  unchanged  tetrachloro- 
pyridine, but  consisted  mainly  of  ethyl  malonate,  more  than  half  of  the 
quantity  employed  being  thus  recovered.  In  view  of  this  result, 
experiments  were  tried  with  a  diminished  proportion  of  ethyl  sodio- 
malonate,  when  the  yield  was  found  to  be  perceptibly  diminished. 

After  some  hours,  the  dark-coloured  residual  liquid  remaining  in  the 
flask  became  solid,  or  nearly  so.  This  was  moistened  with  alcohol, 
drained  at  the  pump,  and  washed  with  small  quantities  of  the  solvent, 
until  a  crop  of  almost  colourless  crystals  remained.  On  purification 
from  alcohol,  these  separated  in  colourless,  massive  forms  which  melted 
sharply  at  63 — 64°  (uncorr.) : 

01 624  gave  0-2488  CO,  and  00489  HjO.     0  =  41-77;  H-3-34. 
0-3947     „     0-4943  AgCl.     01  =  30-94. 

0-3217     „     10-9  c.c.  nitrogen  at  17°  and  770  mm.     N-3-99. 
CijH^O^NCla  requires  0-42-29;  H-3  62;  01-31-27;  N-411  per 

cent. 

The  ethyl  trichloropyridylmalonate,  as  thus  prepared,  is  readily 
soluble  in  alcohol,  ether,  and  the  usual  organic  solvents,  and  insoluble 
in  water.  It  dissolves  in  dilute  solutions  of  the  caustic  alkalis,  and  is 
repreci  pita  ted  on  acidifying.  If  to  its  solution  in  aqueous  caustic 
potash  a  strong  solution  of  this  reagent  be  added,  a  potassium  salt 
separates  in  colourlesc  crystals  which  may  be  recrystallised  from  a  hoi, 
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modeiuuljr  stroDg  solution  of  the  albdi.     A  potatsiam  deiermination 
gAT«  the  following  numbers 


0SS90  faTe  0*0520  K,80,.     K -  1018. 
C,,H,j04NCI,K  requires  K  - 


10*30  per  cent. 


ContotftioH  qf  Etk^  TriehloropyridjflmaUmaU  into  TVichloropj/ridt/l- 
cMStie  i<ci«i.— Allattempts made  to  hydrolyse ethyl  trichloropyridylmalon- 
ate  io  as  to  obtain  the  corresponding  acid  were  unsuccessful.  Prolonged 
boiUog,  either  with  alcoholic  solutions  of  caustic  alkalis  or  with  dilute 
aeids,  was  ineffoctive,  and  treatment  with  a  carbon  disulphide  solution 
of  aluminium  chloride  left  the  substance  unaltered.  Trichloropyridyl- 
"^ceticacid  was  formed  on  dissolving  the  compound  in  sulphuric  acid  con- 
iining  approximately  80  per  cent,  of  the  acid  and  heating  for  some 

ime  on  the  water-bath,  or  more  rapidly  by  boiling  for  a  few  minutes. 

I'he  cold  solution  was  poured  into  water  and  the  filtered  precipitate 
recrystallised  from  boiling  water,  which,  on  cooling,  deposited  a  crop 
of  colourless   crystals  in  the  form  of   rectangular  plates  melting  at 

144— 145  (uncorr.): 

0*3622  gave  0*4578  CO,  and  00535  H,0.  C  =  34  47  ;  H  « 1*64. 
0-3214  „  04040  CO,  „  0*0475  H,0.  C-34*28;  H-1-64. 
0*3370     „     0*6077  AgCl.     CI -44*77. 

0*4513      „     22-5  c.c.  nitrogen  at  18'' and  760  mm.     N  =  5*75. 
'  VH^OjNClj'requires  C  =  34*92 ;  H  - 1  66 ;  N  -  5*82 ;  CI  =  44*24  per  cent. 

Trichloropyridylacetic  acid  readily  dissolves  in  the  usual  organic 
$^>lvent8  and  in  boiling  water,  but  is  sparingly  soluble  in  cold  water. 
If  to  a  solution  in  hot  water,  silver  nitrate  is  added,  a  white,  granular 
precipitate  separates  on  cooling.  This  silver  salt  is  sparingly  soluble 
in  boiling  water,  from  which  it  crystallises  on  cooling  in  rosettes  of 
needles.  The  calcium  salt  is  soluble.  The  barium  salt,  in  the  presence 
of  ammoiiia,  slowly  separates  in  long  needles. 

Canwmrnon  of  IVichloropyridi/l<iC6tie  Acid  into  2  :3:  5-7VtcA/ora-4- 
methyl pyridine. — ^Trichloropyridylacetic  acid,  as  mentioned  above,  is 
non-volatile,  and  on  heating  at  144^  melts  with  decomposition,  carbon 
dioxide  being  freely  evolved.  If  the  pressure  be  reduced  to  20 — 25 
mm.  and  the  temperature  raised  to  about  160^,  trichloropicoline  distils 
over,  the  yield  being  nearly  quantitative. 

As  obtained  in  this  manner,  the  substance  is  practically  pure  ;  it  crys- 
tallised from  alcohol  in  lonf ,  colourless  needles  which  melt  sharply  at 
31—31*5°  (uncorr.)  : 

0*3186  gave  0*4230  CO,  and  0*0618  H,0.  C- 36*21 ;  H-215. 
01057     „    0*2310  AgCl.     CI -54*16. 

CgH^NCl,  requires  C- 36*61 ;  H-203  ;  CI -54*28  per  cent. 

E  £  2 


400      THE   CHLORINE   DERIVATIVES   OF   PYRIDINE.      PART   VIIE. 

This  substance  exhibits  the  same  general  solubility  as  the  chloro- 
pyridines,  which  it  closely  resembles  in  appearance  and  odour.  It  is 
volatile  at  the  ordinary  tempei*ature,  and  rapidly  disappears  when  left 
exposed  to  the  air. 

Conversion  0/  2  :  3  :  ^-TrichloroA-methylpyridine  into  2:3:  b-Tri- 
cfdoropyridine-\-carhoxylic  Acid. — The  trichloropicoline  described  above 
was  boiled  for  some  hours  with  a  plight  excess  of  potassium  perman- 
ganate, in  a  flask  provided  with  a  reflux  apparatus.  The  excess  of 
permanganate  was  removed  by  alcohol,  and,  after  filtering  off  the 
separated  hydrated  manganese  dioxide,  the  colourless  nitrate  was 
evaporated  to  a  small  bulk  and  acidified  with  dilute  sulphuric  acid. 
When  allowed  to  remain  in  a  desiccator,  large,  colourless  crystals 
separated  which  melted  constantly  at  188 — 189°  (uncorr.),  and  from 
which  the  following  numbers  were  obtained : 

0-1632  gave  0-1890  CO2  and  0  0316  HgO.     C  =  31-60;  H  =  0-91. 
CgHgOaNClg  requires  C  =  3178  ;  H  =  0-88  percent. 

The  acid  is  very  soluble  in  hot  water,  and  the  ordinary  organic 
solvents,  but  only  sparingly  so  in  cold  water. 

Conversion  of   2:3:4:  5-Tetrackloropyridine    into    2:3: 5-Trichloro- 

Ai-hydroxy pyridine. 

(a)  By  sodium  ethoxide. 

Wlien  2:3:4:  5-tetrachloropyridine  was  added  to  a  hoti  solution  of 
sodium  ethoxide  in  absolute  alcohol,  a  separation  of  sodium  chloride 
immediately  took  place  with  considerable  evolution  of  heat.  The 
mixture,  after  heating  on  the  water-bath  for  half  an  hour,  was 
diluted  with  water  and  acidified,  when  an  oil  separated.. 

The  hydroxide,  obtained  by  boiling  this  oily  ethoxide  for  half  an 
hour  with  concentrated  hydrochloric  acid,  separated  in  fine,  colourless 
needles,  which,  on  purification  from  alcohol  or  boiling  water,  melted 
sliarply  at  216 — 217°  (uncorr.),  and  were  identical  in  properties  with 
the  2:3:  5-trichloro-4-hydroxypyridine  described  below  : 

01288  gave  02780  AgOl.     CI  =  53-56. 
01420     „     9-8  c.c.  nitrogen  at  19°  and  748  mm.     N-7-20. 
OjHjONCIg  requires  01-53*65;  N-705  per  cent. 

(6)  By  aqueous  or  alcoholic  caustic  soda. 

The  interaction  of  2  :  3  : 4  :  5-tetrachloropyridine  with  boiling  dilute 
caustic  soda  solution  (1  :  10)  is  slow ;  but  if  the  process  is  continued  in 
a  reflux  apparatus  until  all  the  oily  drops  have  disappeared,  2:3:5- 
trichloro-4-hydroxypyridine,  melting  at  216 — 217°  (unoorr.),  is 
obtained  in  theoretical  yield  on  acidifying  the  product  with  dilutu 
Bulphurio  acid ; 
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0O970  required  117  c,c.  .V/IO  AgNO,.     CI -53  8. 
C^H^ONCI,  requires  CI -53*65  per  cent. 

If  to  the  aqueous  eaustic  soda  sufficient  alcohol  be  added  to  com- 
(•letal/  diMolve  the  oil,  or  if  alcoholic  soda  be  used,  the  reactioa 
procMds  smoothly  and  rapidly,  the  same  product  being  obtained  on 
addifyiag,  as  is  attested  by  its  melting  point  and  general  properties. 

onvtrfion  </  2 : 3  : 5-7WeA/oro-4^m»no/>yruitft«  into  2:3:  b'Triehloro- 
i^ydfWsypyridiM, 

The  trul         iii'   'pyridine  obtained  by  the  action  of  ammonia  on 
-'  :3:4  :r>-t.  tia*  ni  i  .j.yridine,  the  constitution  of  which  has  been  pre- 
viously determined  {loc,  cit.),  was  dissolved  in  sulphuric  acid  and  an 
xcess  of  oitrosulphonic  acid  added.     After  warming  the  mixture  on 
lie  water-bath  for  half  an  hour,  the  whole  was  poured  into  water,  and 
lie  crynt-alline  precipitate  purified  by  solution  in  caustic  soda  solution, 
ioprecipitjition  by  acid,  and  subsequent  crystallisation  from  hot  water 
or  dilute  alcohol.     The  substance  thus  obtained  melted  at  216—217° 
(uncorr.) : 

0*5270  gave  320  c.c.  nitrogen  at  15°  and  752  mm.     N  =  704. 
CjHjONClj  requires  N  =  705  per  cent. 
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XLV. — On  Colour  CJianges  observed  in  Some  Cobalt 

Salts. 

By  Waltbb  Noel  Habtlby,  D.Sc.,  F.RS. 

Iv  an  interesting  communication  by  Dr.  Donnan  and  Mr.  Bassett  (Trans., 
1902,  81,  939),  there  is  a  reference  to  work  of  mine  on  the  action  of 
heat  on  the  absorption  spectra  and  chemical  constitution  of  saline 
solutions  (Se.  Trant.  Roy.  Dub,  Soc.,  1900,  7,  [u],  253  ;  Abstr.,  1901, 
ii,  53).  I  quote  the  authors'  words  :  "  It  is  evident  from  the  ppectra 
that  solutions  of  cobalt  chloride  in  hydrochloric  acid  and  in  saturated 
calcium  chloride  solutions  o»ntain  something  which  is  also  produced  in 
the  strong  aqueous  solution  on  rise  of  temperature.  This  is  regarded 
by  Hartley  as  the  anhydrous  chloride,  and  adduced  as  evidence  in 
.  upport  of  Hhe  hydration  theory,  but  the  facts  admit  of  another  inter- 
pretation, as  will  be 'shown  in  the  course  of  this  paper." 

There  are  two  inaccuracies  here,  both  of  which  are  rather  misleading. 
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and  as  the  paper,  although  only  recently  published,  was  for  the  most 
part  written  twenty-three  years  ago,  it  has  been  carefully  examined  in 
order  to  ascertain  if  the  authors  had  perhaps  been  led  by  any  inad- 
vertent statement  of  mine  to  misinterpret  both  the  facts  and  the 
conclusions  deduced  therefrom.     I  do  not  find  this  to  be  the  case. 

In  the  first  place,  it  is  by  no  means  evident  that  solutions  of  cobalt 
chloride  in  hydrochloric  acid  contain  something  which  is  produced  in 
strong  aqueous  solutions  on  rise  of  temperature,  because  the  absorption 
spectrum,  which  is  not  affected  by  heat,  is  different  from  those  shown 
at  any  temperature  between  20°  and  100°  by  pure  aqueous  solutions, 
and  the  difference  is  such  as  to  lead  to  the  conclusion  that  the  acid 
solution  contains  something  which  is  different.  Secondly,  the  colour 
of  hot  solutions  of  cobalt  chloride  was  not  attributed  to  the  anhydrous 
salt,  but  to  the  presence  of  the  dihydrate  in  solution.  Lastly,  these 
spectra  were  not  photographed,  but  observed  with  the  eye,  and  drawn 
to  scale  from  measurements  by  a  method  fully  described.  To  photo- 
graph such  spectra  would  have  been  impossible. 

The  Spectra  of  Various  Solutions  of  Cobalt  Chlofride. — The  six  spectra 
observed  in  a  solution  of  cobalt  chloride,  CoCl2,6H20,  saturated  at 
20°,  and  heated  to  23°,  33°,  43°,  53°,  73°,  and  93°,  are  none  of  them 
identical  either  with  the  spectrum  of  anhydrous  chloride  dissolved  in 
alcohol,  or  with  that  of  cobalt  chloride  in  hydrochloric  acid,  in  fact, 
they  exhibit  several  important  differences  {loc.  cit.,  Plate  XX,  Figs.  A, 
By  and  C). 

For  instance,  they  exhibit  broad  absorption  curves,  as  well  as  narrow, 
straight  bands  which  extend  beyond  F  to  G^  whilst  the  hydrochloric 
acid  solution  is  chiefly  characterised  by  a  broad  band  between  D  and 
Ff  without  curvature,  but  having  a  nearly  perpendicular  boundary. 

The  absorption  increases  in  intensity  with  increased  thickness  of  the 
layer  of  liquid,  but  the  absorption  as  observed  by  me  did  not  extend 
to  regions  of  either  greater  or  lesser  wave-length.  With  the  band  at 
the  red  end  it  is  different,  the  greater  the  thickness  of  the  layer  of 
liquid  the  further  the  absorption  extends  towards  rays  of  shorter  wave- 
length, that  is  to  say,  from  near  C  to  between  D  and  F. 

The  extension  of  the  absorption  is  approximately  proportional  to 
the  thickness  of  the  layer  of  absorbing  medium,  as  may  be  seen  by 
the  angle  which  the  edge  of  the  baud  makes  with  the  perpendicular, 
this  being  about  the  angle  of  the  prism  of  liquid  contained  in  the 
wedg&«haped  cells.  It  is  probable  that  this  colour  is  due  to  a  com- 
pound of  cobalt  chloride  with  hydrochloric  acid,  for  the  following 
reason.  When  anhydrous  cobalt  chloride  is  suspended  in  anhydrous 
ether,  in  which  it  is  quite  insoluble,  a  blue  soluble  substance  is  formed 
on  passing  dry  hydrogen  chloride  into  the  liquid.  A  part  of  the 
chloiide,  when  not  anhydrous,  appears  also  as  a  blue  liquid  not  dis8olved 
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y  the  ether,  in  whioh  it  is  but  sparingly  soluble.  By  analogy  also  with 
cuprio  chloride,  it  is  possible  that  such  a  oompouod  may  be  produced, 
since  Engel  lias  shown  that  ctipric  chloride  combines  with  hydro- 
chloric scid,  and  the  formula  of  one  salt  of  this  type  has  been  given  at 

y,  the  spectrum  of  cobalt  chloride  in  alcohol  does  not  exactly 

•le'that  of  any  of  the  other  solutions.     This  is  easily  accounted 

'    ihol  combining  with  the  chloride  to  form  a  crystallisable 

Such  a  compound  was  obtained  and  analysed  by  F.  Bourion 

ompi.  rtfk/.,  1902,  134,  472),  to  which  the  formula  2CoCl,'5CjH5*OH 

^  :is  assigned.     This  proves  what  was  inferred  from  the  spectrum  of 

te  solution   in  alcohol — namely,  that  the  colour  was  due  to  a  blue 

iX)holate. 

li«garding  the  solutions  in  alcohol,  in  will  be  seen  on  p.  300  of  the 

:  iginal  memoir  that  **  The  blue  solution  in  alcohol  was  proved  not  to  be 

'    )holate."  Although  it  was  believed  that  an  alcoholate  was  formed, 

is  endeavours  to  obtain  and  isolate  it  had   proved  futile,  most 

!  obably  because  the  experiments  had  been  made  with  more  or  less 

\  drated  cobalt  chloride  instead  of  with  the  anhydrous  S'llt.  Mr.  J.  A. 

iinningham,  working  with   me   in    1900,  obtained  blue  crystallised 

.ilcoholates  which  were  easily  decomposed  by  heat. 

The  iiqueous  saturated  solution  of  cobalt  chloride,  when  heated  at 

.)^,  contained  something  which  also  differed  from  that  in  alcohol  or  in 

iiydrochloric  acid.     When  the  salt,  CoC^tBH^O,  was  dissolved  in  98 

i>er  cent,  alcohol  {loc.  cU.,  experiment  recorded  on  pp.  299 — 300),  the 

iservations  made  pointed  to  the  conclusion  that  the  hexahydrate  was 

overted  into  the  dihydrate,  but  the  hexahydrate   crystallised  out 

om  the  alcohol  unchanged  when  the  solution  was  evaporated  without 

:>e  of  temperature.     I  have  given  in  detail  special  reasons  for  believ- 

tig  that  the  action  of  heat  on  an  aqueous  solution  saturated   at  20^, 

when   warmed   to    100°,  likewise   forms   the  dihydrate,  and  not  the 

anhydrous  salt. 

In  similar  circumstances,  the  dihydrates  are  formed  from  the  hexa- 
hjdrated  cobalt  bromide  and  iodide.  Now  the  black  cobalt  iodide 
dissolves  in  alcohol  with  an  indigo-blue  colour,  but  the  brown  hexa- 
hydrate yields  an  alcoholic  solution  having  a  rich  green  colour  {loe. 
eil.,  tabulated  statement  and  notes,  pp.  302 — 304),  which  is  identical 
with  the  green  colour  of  the  solid  CoI^2H20,  and  with  the  solution 
of  the  hexahydrate  in  wattt  when  heated  above  50°  and  up  to  100°. 

Hence  we  arrive  at  the  conclusion  that  the  dihydrate  is  in  solution, 
and  not  the  anhydrous  salt.  It  was  also  shown  that  the  gradual 
change  in  the  colour  of  the  iodide  on  rise  of  temperature  justities  the 
inference  that  at  temperatures  intermediate  between  20°  and  53° 
there  are  variable  mixtures  of  CoI^GU^O  and  001^,2 HjO. 
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Double  Salts  of  Cobalt  CfUoride  toilh  Zinc  Chloride  and  vfith  Mercuric 
Chloride. — There  are  some  other  points  in  the  paper  by  Dr.  Donnan  and 
Mr.  Bassett — namely,  the  action  of  zinc  chloride  or  mercuric  chloride  on 
cobalt  chloride  solutioD,?and  also  the  action  of  heat  on  solid  cobalt 
sulphate — which  c.ill  for  some  comment.  Yon  Babo  explained  the  action 
of  zinc  chloride,  when  added  to  the  solution  of  cobalt  chloride,  in  pre- 
venting the  solution  from  turning  blue  when  the  temperature  is  raised 
by  assuming  the  formation  of  a  double  salt  of  the  two  chlorides,  which 
on  heating,  as  I  have  suggested,  never  attains  to  the  condition  of  a 
dihydrate  {loc.  cit.t  p.  266). 

That  the  solution  of  mercuric  chloride  when  added  to  cobalt  chloride 
causes  the  formation  of  a  complex  molecule  in  an  alcoholic  solution,  as 
observed  by  Donnan  and  Bassett,  is  easily  accounted  for  by  the  forma- 
tion of  Claudet's  salt,  the  double  cobalt-mercuric  chloride.  It  was 
from  this  finely  crystallised  compound  that  the  preparations  of  pure 
cobalt  salts  were  originally  made  for  the  purpose  of  spectroscopic 
examination. 

Cobalt  Sulphate  under  the  Action  of  Heat. — The  observations  on 
p.  278  are  apparently  not  in  perfect  agreement  with  those  of  Dr.  Don- 
nan and  Mr.  Bassett.  They  say,  *'  It  is  known  that  the  red  anhydrous 
cobalt  sulphate  becomes  violet  when  heated."  The  pure  anhydrous 
cobalt  sulphate,  according  to  my  recorded  experiments,  has  a  rose-pink 
colour ;  it  may  be  heated  at  300°  with  scarcely  any  perceptible  change. 
If  the  heating  be  carried  to  500°  and  beyond,  approaching  even  to  a 
red  heat,  it  assumes  a  lilac  colour,  redder  and  less  blue  than  lavender, 
and  much  paler  than  violet.  It  regains  its  original  rose  colour  on  cooling. 

The  salt  is  just  on  the  point  of  decomposition  when  it  attains  its 
lilac  tint,  and  if  the  heating  be  continued  cobalt  oxide  is  formed.  If 
there  is  any  trace  of  nitrate  or  chloride,  or  ammonium  salt  in  the 
crystallised  cobalt  sulphate,  it  becomes  purple  as  it  melts,  even  violet 
or  blue  if  the  proportion  of  impurity  is  at  all  considerable.  On  heating 
a  finely  crystallised  specimen  of  the  double  ammonium  cobaltous 
sulphate  in  a  platinum  basin  with  oil  of  vitriol,  a  purple  solution  was 
at  first  produced.  On  raising  the  temperature  until  sulphur  trioxide 
was  freely  evolved,  much  of  the  cobalt  sulphate  became  insoluble  and  of 
the  same  lilac  colour  as  the  hot  dry  solid  substance  ;  on  removing  the 
source  of  heat,  it  quickly  regained  its  rose-pink  colour.  After  an 
interval  of  about  12  hours,  the  sulphuric  acid  was  again  heated  until 
a  vigorous  decomposition  of  the  sulphuric  acid  occurred,  but  there  was 
no  change  of  colour,  the  anhydrous  salt  remained  rose-pink.  The  ex- 
periment was  repeated  under  slightly  different  conditions,  by  heating 
the  pure  anhydrous  sulphate  in  oil  of  vitriol  contained  in  glass  vessels. 
There  was  practically  no  difference  between  the  hot  and  the  cold  solu- 
tions when  viewed  by  ti-ansmitted  light.    The  darkening  of  anhydrous 
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mUU  and  oxides  by  the  actioD  of  heat  without  evidence  of  ebemioal 
change  is  a  well-known  property,  examined  and  described  by  Aokroyd, 
and  termed  metaobromism. 

Cobalt  Xiiratt  wuUr  Ms  AcHon  qf  //sol.— The  anhydrous  nitrate 
becomes  dark  purple,  but  only  just  at  the  moment  of  its  docomposi* 
tion.  This  has  been  explained  as  being  probably  due  to  the  forma- 
tion of  an  oxynitrate. 

Donnan  and  Bassett  explain  the  production  of  a  blue  solution 
during  the  electrolysis  of  cobalt  chloride  by  the  formation  at  the  anode 
of  a  complex  ion  having  possibly  the  composition  CoCl^  or  Co^Cl,,  and 
tbis  may  be  correct,  since  Faraday  bas  shown  that  when  fused  stannous 
chloride  is  electrolysed,  stannic  chloride  passes  to  the  anode  and  tin  to 
the  cathode. 

There  is  a  marked  tendency  for  cobaltous  salts  to  become  converted 
into  oobaltic  compounds  which  are  rather  unstable,  but  if  this  action 
actuallyoccurs,  there  should  be  little  difficulty  in  separating  andanalysing 
the  solutions  containing  these  complex  ions  so  as  to  determine  the  ratio 
of  cobalt  to  chlorine  in  the  manner  indicated  by  Steele  and  Denison 
(Trans.,  1902,  81,  456).  It  may  be  remarked  that  to  compare  mere 
similarities  in  colour  is  a  less  precise  method  of  examination  than  that 
of  observing  absorption  spectra  through  varying  thicknesses  of  solution 
and  can  give  but  little  evidence  of  chemical  constitution  unless  the 
changes  of  colour  are  very  marked  and  are  practically  identical  with 
those  of  substaooes  already  known  and  capable  of  identification  by  their 
colour.  Such  cases  are  so  few  as  to  be  exceptional  The  colour  changes 
are,  however,  broadly  marked  in  cobalt  halogen  salts,  and  we  know 
the  differences  which  occur  when  differently  hydrated  salts  are  crys- 
tallised. As  a  rule,  the  larger  the  number  of  water  molecules  the 
further  removed  is  the  colour  of  the  crystals  from  that  of  the  an- 
hydrous salt  and  the  more  nearly  does  it  approach  the  colour  of  water. 

The  views  expressed  in  my  paper — namely,  that  hydrated  salts  can 
exist  in  highly  concentrated  solutions,  and  can  undergo  dissociation 
owing  to  rise  of  temperature — account  precisely  for  the  facts  observed, 
and  apply  to  a  number  of  concomitant  phenomena ;  but  the  changes 
associated  with  cobalt  cboride  are  less  remarkable  than  those  observed 
with  many  other  salts,  and  they  are  comparatively  of  little  importance. 

The  electrolysis  of  cobalt  solutions  has  been  investigated  by  Goebn 
and  Glaser  {ZeU.  anarg.  CUm.,  1902,  33,  9—24 ;  Abittr.,  1903,  84,  ii, 
80),  who  showed  that  a  deposit  of  oxide,  always  more  or  less  hydrated, 
takes  place  on  the  anode — thin  layers  had  the  composition  Co20,,2U|0, 
whiUt  the  thicker  layers  corresponded  with  Oofi^.Ziifi.  These  would 
account  for  a  blue  colour  in  the  solution,  when  chlorine,  hydrochloric 
acid,  or  cobaltous  chloride  was  also  present. 
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XL VI. — The  Molecular  Rearrangement  of  li 'Substituted 

Iminoethers 

By  G.  D.  Landbr. 

The  transformation  of  the  atomic  grouping  -C(OR)IN-  into  -CO'NR- 
is  a  well  known  phenomenon,  which  has  been  observed  and  studied 
chiefly  by  Gabriel  and  Neumann,  Knorr,  Wheeler  and  pupils,  Hofmann, 
W.  Wislicenus  and  Goldschmidt,  and  Wislicenus  and  Korber.  Refer- 
ences to  the  work  of  these  chemists  are  given  in  the  sequel. 

The  rearrangement  in  question  has  been  found  to  occur  most  easily 
under  the  catalytic  influence  of  alkyl  iodides,  but  also  appears  to  take 
place  by  simple  heating. 

The  present  paper  contains  a  description  of  the  results  of  experi- 
ments on  the  isomeric  change  of  some  of  the  recently  prepared  iV^-sub- 
stituted  open-chain  iminoethers,  and  is  divided  into  two  sections, 
dealing  with  the  catalytic  rearrangement,  which  does  not  seem  to 
have  been  studied  for  these  substances,  and  the  rearrangement  by 
simple  heating. 

Apart  from  an  extension  of  the  data  bearing  on  this  topic,  the 
object  of  the  present  work  was  mainly  to  determine  whether  the 
general  conditions  affecting  the  rearrangement  would  throw  light  on 
the  difference  in  behaviour  of  most  acylarylamines,  on  ethylation  and 
methylation  by  means  of  dry  silver  oxide,  for  whereas  the  former 
process  leads  to  the  formation  of  iminoethers,  the  latter,  under 
like  conditions,  brings  about  the  simultaneous  production  of  imino- 
ethers and  isomeric  substituted  amides  (Trans.,  1901,  79,  690). 

I.    The  Catalytic  Rearrangement  of^-euhstituted  Iminoethers, 

The  value  of  alkyl  iodides  in  inducing  isomeric  change  was  first 
shown  by  Knorr  {Ber.^  1897,  30,  929),  who  examined  the  isomeric 
change  of  the  0-ethyl  ethers  of  carbostyril  and  y-Iepidone  into  ^y-methyl 
compounds  by  means  of  metliyl  iodide. 

The  rearrangement  of  many  of  the  INH  iminoethers  by  similar 
means  has  been  examined  by  Wheeler  and  pupils  (Amer,  Chem,  «/., 
1900,  23,  136). 

Of  the  iV^-substituted  iminoethers  recently  described  (Trans.,  1901, 
79,  690;  1902,  81,  591  ;  and  this  vol.,  1903,  83,  320),  the  catalytic 
change  has  been  studied  with  most  of  the  ^y^ylacetimino,  iV^-aryl- 
benzimino-,  and  ^/^T-alkyl-,  and  i^T-benzylbenzimino-ethers,  with  results 
which  afford  a  general  confirmation,  and  extension,  of  formerly  re- 
corded observations.  A  summary  of  the  cases  examined,  and  results 
obtained,  is  given  in  the  following  table  : 
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Experimental   and  Analytical  Details  of  Bx/Af^.r intents  summarised  in 

Table. 

In  all  cases,  the  iminoethers  were  heated  in  sealed'  tubes,  and  in 
order  to  minimise  the  formation  of  iodiue,  the  halides  ^''following 
Wheeler  and  Johnson)  were  introduced  in  sealed  bulbs,  whic^h  were 
broken  after  the  tube  had  been  closed.  The  identity  of  the  prodi^cts 
of  transformation  was  established  by  melting  point  determinations  ii»| 
the  case  of  solids,  and  in  the  case  of  liquids  by  analysis,  details  of 
which  are  omitted  in  the  case  of  substances  already  described. 

In  the  experiments  on  the  iV-arylacetiminoethers,  the  presence  of 
unaltered  imino-compound  could  be  detected  by  distillation  under  the 
ordinary  pressure  (Trans.,  1901,  79,  691);  with  the  ^-substituted 
benzimino-compounds,  small  quantities  of  iminoether  were  detected 
by  the  formation  of  benzoic  esters  on  distillation  with  dilute  hydro- 
chloric acid  in  a  current  of  steam,  the  same  process  sufficing  for  the 
isolation  of  small  quanties  of  benzoyUted  secondary  amines,  which 
remained  as  oils,  after  complete  distillation  of  the  esters.  An  ex- 
periment with  iV^-jo-tolylbenziminomethyl  ether  showed  that,  after  pro- 
longed heating  with  dilute  acid  in  a  current  of  steam,  the  distilling 
flask  contained  nothiug  but  a  solution  of  ;?-toluidine  hydrochloride 
with  a  little  benz-jo-tolylamide,  formed  by  the  action  of  the  acid  on  the 
iminoether,  and  this  result  also  proved  that  a  benzoylated  secondary 
amine  was  not  present  in  the  original  substance. 

Some  of  the  benzoylated  secondary  amines  have  not  yet  been 
described. 

Benz-o-tolylmethylamide,  after  recrystallisation  from  ether  and  light 
petroleum,  forms  prisms  melting  at  65 — 66°.  C  =  8005;  H  =  6"8; 
Cj^HigON  requires  0  =  80*0  ;  H  =  6-66  per  cent. 

The  isomeric  henz-^tolylmethylamide  crystallises  in  prisms  from 
ether  and  light  petroleum  melting  at  46—48°.     0  =  799;  H  =  6*70. 

BenZ'O-iolylethylamide  crystallises  from  ether  and  light  petroleum  in 
prisms  melting  at  71—72°.  0  =  804;  H  =  7*2;  OieHj^ON  requires 
0  =  80-3;  H  =  7-l;  N  =  5-85  per  cent. 

The  isomeric  henzethyl-\i-tolylainide  crystallises  in  prisms  from 
ether  and  light  petroleum,  melting  at  38 — 40°.     N  =  6*0  per  cent. 

Benzhenzylmethylamids  is  aviscid  liquid  boiling  between  213°  and  214° 
under  11  mm.  pressure.  N  =  6*3  ;  Oi5Hjj.ON  requires  N  =  6*2  per  cent. 

BenzhenzyleUtylamide  is  a  liquid  boiling  at  214 — 216°  (12  mm.). 
Found  N  ^  5  9  ;  calculated  N  =  5*85  per  cent. 


N-SUB8T1TUTEI)   IMINOETIIKKS.  409 


Di9eu$8wn  of  tke  CtUali/tio  Rearrangement  of  Iminoethere, 

As  mentioDed  in  the  introduction,  the  result  of  the  experiments 
det'cribed  is  a  general  confirmation  of  those  previously  obtained.  The 
importance  of  certain  structural  conditions,  as  determining  the  relative 
ease  of  rearrangement,  is,  however,  more  fully  revealed. 

It  is,  for  example,  clearly  shown  that,  amongst  the  iminoethers,  the 
methyl  is  distinctly  more  labile  than  the  ethyl  group  ;  in  no  case  does 
the  transformation  of  an  ethyl  iminoether  occur  to  a  marked  extent  at 
10(y,  whereas  the  corresponding  methyl  compounds,  as  a  rule,  undergo 
rearrangement  quantitatively  at  that  temperature.  In  the  mixed  pro- 
ducts obtained  by  treating  silver  cyanurate  at  100°  with  the  appropri- 
ate iodides,  the  proportion  of  0-methyl  to  iV^-methyl  ester  is  less  than 
that  of  0-ethyl  to  iT-ethyl  ester,  and  Ponomareff  {Ber.,  1885,  18,  3271) 
explained  this  difference  by  assuming  that  methyl  isocyanurate  is  trans- 
formed more  easily  than  the  ethyl  compound,  a  suggestion  which  is 
borne  out  by  the  results  described  in  this  communication. 

The  displacement  of  a  higher  by  a  lower  alkyl,  when  an  imino- 
ether is  heated  with  a  lower  alkyl  iodide  as  in  the  following  example, 
CH5C(0Et):NPh  +  MeI  =  CH.,C0-NMePh  +  EtI,  was  first  noticed  by 
Knorr,  and  subsequently  by  Wheeler  and  Johnson,  and  is  a  comparable 
phenomenon.  It  seemed  of  interest  to  examine  the  transformation  of 
an  iminoether  by  a  higher  alkyl  iodide,  and  ^-phenylbenziminomethyl 
ether  and  n-propyl  iodide  were  selected.  Molecular  proportions  of 
these  substances  were  treated  together  for  4  hours  at  1 50 — 1 60°,  and 
finally,  for  2  hours,  at  200°.  On  distillation  in  a  vacuum,  an  oily 
liquid,  free  from  iminoether,  was  obtained  which  deposited  crystals 
when  sown  with  benzphenylmethylamide.  The  greater  part  of  this  oil 
was  hydrolysed,  and  the  secondary  base  acetylated,  when,  on  distilling, 
a  solid  was  obtained  which  began  to  fuse  at  40^,  melted  completely  at 
76°,  or  at  80 — 97°  after  drying  on  a  porous  tile.  This  substance  was 
evidently  a  mixture  of  acetphenylmethylamide  and  acetphenyl-7i-pro- 
pylamide,  7*-propyl  iodide  thus  causing  the  conversion  of  the  imino- 
ether into  both  methyl-  and  n-propyl-amides.  Although  an  accurate 
estimate  of  the  relative  proportions  could  not  be  made,  it  appears 
that  the  methyl  compound  preponderates  in  the  mixture,  and  the 
experiment  demonstrates  the  superior  catalysing  power  of  methyl 
iodide,  for,  in  the  first  instance,  only  a  small  proportion  of  that  com- 
pound would  be  formed— PhC(OMe):NPh -I- Pr*I  =  PhCO-NPr«Ph-H 
Mel — and  this  small  amount  proves  more  efficacious  in  inducing  iso- 
meric change  than  the  relatively  large  proportion  of  the  higher  iodide 
which  is  also  present. 

Of  the  three  ethyl  halides,  the  chloride  scarcely  induces  isomeric 
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change,  whilst  the  bromide  does  so  to  a  considerably  less  extent  than 
the  iodide. 

The  ease  of  rearrangement  depends  also  on  the  constitution  of  the 
iminoether,  the  iV-arylbenziminoethers  requiring  either  longer  heat- 
ing or  a  higher  temperature  than  the  iminoethers  of  lower  molecular 
weight.  Orientation  of  the  aryl  group  exercises  an  influence,  as  will 
be  seen  from  a  comparison  of  the  transformations  of  ^Y-otolyl  with 
iV^-phenyl  and  J^-p-to\y\  compounds,  the  former  class  undergoing  iso- 
meric change  with  greater  diflSculty  than  the  latter.  This  accords 
with  the  previously  recorded  differences  in  the  methylation  of  the  corre- 
sponding acylated  amines  by  means  of  dry  silver  oxide  and  methyl  iodide, 
and  also  with  the  relative  stability  of  certain  ^-o  tolyliminoethers. 

The  rearrangement  of  the  iV-aryliminoethers  takes  place  quite 
easily,  but  secondary  reactions  seem  to  occur  with  the  iV^-alkyl  and 
iV^-benzyl  compounds.  It  is  preferable  to  use  a  mere  trace  of  iodide,  as 
when  a  moderate  quantity  is  employed,  a  distinct  odour  of  an  amine 
is  noticeable  on  opening  the  tube,  and  small  amounts  of  colourless 
solids  are  produced,  which  contain  iodine  and  have  a  high  melting 
point.  These  have  not  been  identified  with  certainty,  but  are  probably 
substituted  ammonium  iodides. 

The  work  of  Wheeler  and  Johnson,  the  recent  study  of  the  isomeric 
change  of  Gabriel's  /3-chloroethylbenziminoether  into  )3chloroethyl- 
benzamide  by  Wislicenus  and  Korber  (Ber.,  1902,  36,  164),  and,  in 
particular,  the  isolation  by  Knorr  {Ber.y  1897,  30,  922)  of  pseudo 
(or  i/f)-methiodides  of  antipyrine  and  methylquinaldone,  and  by  Knorr 
and  Kabe  of  an  additive  compound  of  benzoyl  chloride  and  methylquin- 
aldone {loc.  citi  927),  leaves  no  doubt  that  the  process  of  rearrangement 
of  the  iminoethers  by  alkyl  iodides  is  one  of  addition  and  subsequent 
loss  of  iodide,  although  attempts  to  isolate  additive  compounds  of  the 
iminoethers  with  alkyl  iodides  and  acyl  chlorides  have  proved  un- 
successful. 

Wheeler  and  Johnson  explain  the  mechanism  of  the  rearrangement 
of  benziminoethyl  ether  by  the  following  scheme : 

Ph-C<N^^,  +  EtI  ^  Ph-C<^H*:'I  ->  Ph.C<NHEt  ^   E,i 

The  suggestive  work  of  Stieglitz  on  the  constitution  of  the  salts  of 
iminoethers  {Amer.  Chem.  /.,  1899,  21,  101),  and  the  development  of 
the  theory  of  carbonium  salts,  especially  by  Kehrmann  (Ber,^  1901, 
34,  3816),  Baeyer  and  Villiger  (Bw,,  1902,36,  1189),  and  Gk>mberg 
(Ber.t  1902,  36,  2397),  make  it  at  least  probable  that  the  process  may 
be  thus  formulated  : 

R.C<Or"+K,„I  -^  R.cA  -^  B.C<^^'"'"  +  R,„l. 


OR,, 
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Followini;  Siioi;litz.  I  am  incliDed  to  adopt  the  structure 

/NHR„ 
R,C(  Ul 
N)R,„ 

insieed  of   RiC^^n  "*        ,  for  the  hydrochlorides  of  the  imiuo^thers, 
•  un,n 

Although   direct  experimental    evidence   has   not   been    forthcoming, 

except  in  the  case  of  certain  cyclic  iminoethers  studied  by  Stieglitz 

and  pupils  {toe.  eit.), 

IL  Th$  Rtarrangemtnt  of  Iminoethers  hy  Heat, 

The  most  salient  difference  between  the  nitrogen-8ubstitute<l  and 
^NH  iminoethers  is  observed  in  their  behaviour  on  heating  ;  the  former 
display  considerable  stability,  whereas  the  latter  give  cyanides  by  loss 
of  alcohol.  In  this  connection,  it  is  of  interest  to  note  that  semi-oxal- 
iminodiethyl  ether,  which  is  known  to  be  rather  unstable  (Nef,  Annalent 
1895,  287,  288;  Trans.,  1901,  79,  702),  loses  the  elements  of  alcohol 
on  keeping,  depositing  needles  which  melt  at  165°,  and  give  N  =  14*32 
per  cent.  On  hydrolysis,  an  acid  melting  at  250°  is  obtiined.  The 
compound  crystallising  in  needles  is  thus  identified  as  ethyl  paracyano- 
formate,  (CN-COjEt),,  which  melts  at  165°  and  requires  N  =  U1 
per  cent. 

The  same  decomposition  occurs  more  rapidly  on  heating  the  imino- 
ether. 

The  first  observation  of  the  rearrangement  of  an  iminoether  by 
heat  is  that  of  the  change  of  methyl  t«ocyanurate*  into  methyl 
cyanorate  produced  by  boiling  (Hofmann,  Ber.,  1886,  19,  2061). 

More  recently,  the  phenomenon  has  been  studied  by  Wislicenus  and 
Ooldschmidt  {Ber.^  1900,  33,  1470),  who  observed  the  change  of 
J\r-phenylformiminormethyl  and  -ethyl  ethers,  and  of  iV-phenylbenz- 
iminomethyl  ether  into  the  corresponding  substituted  amides  on  heat- 
ing. Wislicenus  and  Korber  (i?er.,  1902,35,  1991)  obtained  similar 
results  on  heating  methoxy-  and  ethoxy-caffeines. 

The  isomeric  change  of  Mocyan  ides  into  nitriles  by  heating  (Weith,  Ber.^ 
1876,  9,  454)  represents  a  closely  allied  case.  A  considerable  number 
of  experiments  on  the  transformation  of  the  recently  prepired  imino- 
ethers by  heat  have  been  ctrried  out.  As  already  indicated  (Trans., 
1901,  79,  692),  A^-phenylacetiminomethyl  ether,  MeC(OMe):NPh, 
is  inccmpletely  rearranged  into  aoetphenylmethylamide  by  boiling  at 

*  In  aocordaiice  with  recent  researches,  cyanoric  acid  should  be  formolated  as 
(CONH)„  the  rortnola  (COH:N),  being  that  of  the  unknown  wocyanuric  acid 
(Hartley,  Dobbie,  and  Lander,  Trans.,  1901,  79,  850). 
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the  atmospheric  pressure  for  a  few  hours,  the  liquid  thereby  becoming 
dark  coloured. 

Purified  iV^-phenylacetiminoethyl  ether,  MeC(OEt):NPh  (b.  p. 
207—208°),  after  heating  in  a  sealed  tube  for  5  hours  at  220°,  was 
recovered  practically  unaltered  by  distilling  in  a  vacuum,  the  very 
small  residue  giving  no  deposit  on  adding  a  fragment  of  acetphenjl- 
ethylamide. 

By  lieating  iV^-methylbenziminomethyl  ether,  PhC(OMe)INMe,  in  a 
sealed  tube  for  4  hours  at  160°,  and  finally  for  2  hours  at  200°,  no 
appreciable  change  could  be  detected.  The  substance  distilled  between 
200°  and  206°  (b.  p.  of  iminoether  203—206°),  and  was  again  heated  for 
9  hours  at  250 — 270°.  The  resulting  product  was  a  viscid,  brown 
liquid,  which  on  distillation  was  found  to  contain  a  small  quantity  of 
iminoether,  and  to  consist  for  the  most  part  of  benzdimethylamide, 
melting  at  40 — 41°  after  crystallisation  from  ether  and  light  petroleum. 
On  opening  the  tube,  there  was  a  slight  pressure,  and  a  distinct  odour 
of  amine  was  perceptible. 

Several  experiments  were  carried  out  with  i\r-phenylbenzimino- 
methyl  ether,  studied  by  Wislicenus  and  Goldschmidt  (loc.  cit).  The 
compound  was  prepared  from  the>imide  chloride  of  benzanilide  and 
carefully  purified  by  repeated  distillation  in  a  vacuum  (b.  p.  157 — 158° 
under  12  ram.  pressure;  Wislicenus  and  Goldschmidt  gave  145 — 150° 
and  8  mm.).  These  authors  found  that  by  6  hours'  heating  at 
270 — 280°,  rearrangement  occurred  to  the  extent  of  35  per  cent. 

Twenty  grams  of  the  iminoether  were  heated  for  8  hours  at  240° 
There  was  no  pressure,  and  on  distillation  the  recovered  compound 
boiled  at  158 — 160°  under  12  mm.  pressure.  A  sample  of  the  recovered 
substance,  when  distilled  with  steam  in  dilute  hydrochloric  acid  until 
free  from  ethyl  benzoate,  left  no  insoluble  matter  except  a  little  benz- 
anilide. The  very  small  residue  left  after  distillation  in  a  vacuum 
contained  benzanilide,  whilst  a  similar  treatment  with  hydrochloric 
acid  gave  rise  to  a  trace  of  gummy  solid. 

Ten  grams  of  the  iminoether  were  heated  for  8  hours  at  250 — 270°, 
and  then  for  3  hours  at  300°.  On  distillation,  practically  the  whole  of 
the  material  passed  over  between  150°  and  160°  under  12  mm.  pres^^ure, 
and  rearrangement  had  certainly  not  occurred  to  a  greater  extent 
than  in  the  former  case. 

Sixteen  grams  of  iminoether  were  heated  at  220 — 230°  for  12  hours, 
and  finally  at  280—300°  for  12  hours.  Distillation  began  at  130°, 
the  temperature  rising  finally  to  177°  under  12  mm.  pressure,  when 
practically  the  whole  of  the  material  had  distilled,  leaving  a  little 
tarry  matter  and  benzanilide.  The  boiling  point  of  benzphenyimethyl- 
amide  is  180—185°  under  12  mm.  pressure.  The  greater  part  con- 
sisted of  iminoether,  as  was  shown  by  distilling  the  whole  of  the 
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dUUlUie  with  dilut«  hydrochloric  acid  in  a  current  of  Rtcam.  But 
more  oilj  matter  remained  than  in  previous  experimentii,  and  thin,  on 
•zlnMtM»  with  tthmr  and  crjatallisation  from  ether  and  light  petr- 
oltUBtprored  lo  bo  beniphenylmethylamide  melting  at  55 — 57^  An 
aeeorato  eetimation  of  the  proportion  was  not  possible,  but  the  quantity 
certainly  did  not  exceed  1*5  grams. 

Even  less  conduttfe  results  were  obtained  with  ^V-phenylbenzimino- 
othyl  ether;  no  change  beyond  the  formation  of  a  little  benzanilide 
could  be  detected  by  heating  for  8  hours  at  240° 

On  heating  for  6  hours  at  270°,  and  then  for  1  hour  at  350°,  un- 
chaoged  iminoether,  bensanilide,  and  ethylene  were  the  only  substances 
that  could  be  detected  with  certainty. 

The  decomposition  in  the  sense  of  the  equation  PhC(OEt)INPh«* 
PhCO*NHPh  +  C,H^  is  certainly  the  main  reaction  on  heating.  Nef's 
explanation  {Annalen,  1897,  296,  370)  of  the  mechanism  of  the  type  of 
transformation  now  under  discussion,  as  due  to  severance  and  sub* 
sequent  addition  of  alkylene,  has  been  already  criticised  by  Wislicenus 
and  Qoldschmidt  {loc.  ct(.),  and  is  rendered  additionally  improbable  by 
the  above  result. 

After  20  hours'  heating  at  250 — 260°  removal  of  unchanged  imino- 

by  distillation,   and   hydrolysis  of  the  residue  with  alcoholic 

iom  hydroxide,  a  small  quantity  of  secondary  amine  was  detected, 

by  the  formation  of  nitrosamine,  in  the  liberated  base,  which  consisted 

chiefly  of  aniline.    So  far,  this  is  the  only  positive  evidence  of  isomeric 

change  of  an  ethyl  iminoether  which  I  have  succeeded  in  obtaining. 

The  results  recorded  here  cannot  be  regarded  as  satisfactory  in 
demonstrating  the  rearrangement  by  simple  heating.  In  accordance 
with  my  other  experiments  on  the  ifomerio  change  of  iminoetbers, 
they  show  that  in  these  compounds  the  methyl  group  is  more  labile 
than  the  ethyl.  This  result  is  contrary  to  the  experience  of  Wislicenus 
and  Qoldschmidt,  who,  under  similar  conditions,  found  a  65  per  cent. 
rearrangement  of  iV-phenylformiminoethyl  ether  as  compared  with  a 
40  per  cent,  transformation  of  the  methyl  analogue. 

It  is  open  to  doubt  that  the  isomeric  change  of  iminoetbers  on 
heating  is  a  simple  reaction,  and  it  remains  to  be  proved  that  the  second- 
ary changes  which  inevitably  accompany  reactions  carried  out  at  a 
high  temperature  play  no  part  in  the  change.  In  many  instances, 
other  products  have  been  noted;  thus,  diphenylformamidine  arisM 
I  during  the  trat8formatio»of  3^-phenylformiminomethyl  ether,  as  re- 
L_  corded  by  Wislicenus  and  Qoldschmidt ;  the  rearrangement  of  the 
H  alkyloxycaffeines,  studied  by  Wislicenus  and  Kdrber,  leads  to  the 
^■simultaneous  formation  of  amines,  and  a  similar  result  has  been 
HLobtaioed  in  the  case  of  X-methylbenziminomethyl  ether  {vide  $upra), 
~  Although  the  alkyl  iodides  are  the  most  suitable  catalytic  agents 
VOL.   LXXXIIL  F   F 


414      LANDEIl:   THE  NATUUE   AND   PROBABLE  MECHANISM   OF  THE 

for  inducing  the  isomeric  change  of  the  iminoethers,  they  are  probably 
not  the  only  ones  available. 

The  work  of  Wade  (Trans.,  1902,  81,  1603)  on  the  isomeric  change 
of  the  t«ocyanides  on  heating  has  demonstrated  the  necessity  of  a 
catalytic  agent  for  that  class  of  substances.  It  is  not  unlikely  that 
future  experiments  may  lead  to  the  same  conclusion  in  the  case  of  the 
iminoethers. 

Univkrsitt  College, 
Nottingham. 


XLVII. — The  Nature  and  Probable  Mechanism  of  the 
Replacement  of  Metallic  by  Organic  Radicles  in 
Tautomeric  Compounds. 

By  G.  D.  Lander. 

Alkylation  by  means  of  dry  silver  oxide  and  alkyl  iodides  has  greatly 
extended  the  application  of  the  method  of  substitution  depending  on 
the  use  of  silver  salts.  Most  of  the  recent  work  bearing  on  Purdie 
and  Pitkeathly's  reaction,  which  I  have  recorded  in  this  Journal 
(Trans.,  1902,  81,  591,  and  preceding  papers),  has  been  undertaken  in 
the  hope  of  obtaining  fresh  experimental  data,  and,  if  possible,  of 
fthedding  fresh  light  on  the  involved  problem  of  the  mechanism  of  the 
replacement  of  the  metallic  radicle  in  tautomeric  compounds.  As, 
hitherto,  I  have  avoided  discussing  the  theoretical  bearings  of  much  of 
this  work,  I  now  propose  to  review  the  experimental  results  and  to 
attempt  to  test  them  in  the  light  of  current  theories  on  the  mechanism 
of  this  replacement. 

A  complete  demonstration  of  any  theory  devised  for  the  explanation 
of  these  phenomena  is  necessarily  impossible,  so  long  as  that  theory 
rests  on  the  assumption  of  intangible  intermediate  stages  in  a  reaction. 
The  arbitrary  character  of  the  additive  hypothesis  as  applied  to  these 
phenomena,  to  which  attention  has  already  been  drawn  by  Wislicenus 
(TautoTMrief  Ahrens-Sammlungf  1897,  252),  leads  me  to  suggest  that 
the  merits  of  a  theory  based  on  the  display  of  tautomerism  by  com- 
pounds containing  metallic  radicles  deserve  careful  consideration. 

The  recent  work  of  Titherley  and  of  Hantzsch,  to  which  reference 
is  made  in  the  sequel,  renders  this  assumption  more  probable  than  was 
formerly  the 
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I.  lUvimo  ff  Kxp$nm9rUal  Data, 

(i)  7%4  Sub$iUuUd  i4mu2M.— EthyUtton  of  the  sulMtituted  amidM 
by  dry  tilrer  oxide  and  ethyl  iodide  w,  in  general,  sharply  distinguished 
from  the  aualogoas  methylation  in  that,  under  similar  oonditions,  the 
fornMT  'prooMt  yields  iminoethers,  *0(OEt)IN*,  almost  exclusively, 
wbilsi  the  latter  reaction  leads  to  the  simultaneous  production  in  yari- 
able  proportions  of  iminoether  and  isomeric  substituted  amide, 
•C(OMe):N-  and  -OONMe*. 

For  brevity,  I  propose  to  refer  to  this  type  of  methylation  as 
'  anomalous,'  and,  similarly,  to  describe  other  reactions  involving  the 
replaoement  of  metallic  radicles  in  which  isomerides  are  formed  as 
'  anomalous  replacements,'  but  no  theoretical  significance  is  attached 
to  the^e  expressions. 

The  anomaly  in  the  instance  under  discussion  is  only  apparent,  for 
when  acetanilide  is  ethylated  by  means  of  dry  silver  oxide  and  ethyl 
iodide  in  a  closed  Tessel  at  100^  both  ethyl  homologues,  PhNIC(OEt)Me 
and  PhNEt'COMe,  are  produced,  the  process  resembling  the  metbyU 
ation  of  the  same  amide  in  an  open  vessel  at  40 — 50°.  Under  the 
former  conditions,  ethylation  is  comparable  with  methylation. 

'Anomalous '  alkylation  of  this  type  was  observed  by  Friedlander  and 
Weinberg  (Ber.,  1882,  16,  1421),  who  obtained  mixtures  of  X-  and  0- 
homologues  of  carbostyril  from  its  sodium  derivative  and  ethyl  iodide. 
Ponomarew  (Ber.^  1885,  18,  3271)  showed  that  silver  cyanurate,  which, 
with  alkyl  iodides  at  low  temperatures,  yields  O-ethers,  furnishes  mix- 
tures  of  *V-  and  0-componnds  in  closed  vessels  at  100°. 

With  silver  formanilide  and  ethyl  iodide  at  100°,  Wheeler  and 
Johnson  {Amer.  Chem.  J.,  1900,  23,  136)  observed  the  formation  of  the 
y-derivative  alone,  whereas  the  0-compound  was  the  main  product  of 
reaction  at  lower  temperatures  in  an  open  vessel. 

(ii)  The  Keio-enol  Compounds. — ^The  results  of  ethylation  by  means 

of  dry   silver  oxide    of    malonic,   ethylacetoacetic,   acetoacetic,   and 

benzoylacetic  esters  have  been  previously  recorded  (Trans.,  1900,  77, 

r29;  Proc.,  1901,  17,  59),  the  analogous  ethylation  of  ethyl  oxalo- 

being  described  below  (p.  417). 

The  stody  of  the  subs^^itution  of  alkyl  groups  for  sodium  and  silver 
the  keto-enol  compounds  shows  that  generally  the  replacement  of 

Iver  occurs  moet  readily  in  those  compounds  in  which  the  replace- 
lent  of  sodium  takes  place  with  greatest  difficulty  and  vice  vtrtA. 

Moreover,  the  ease  with  which  silver  undergoes  replacement  in-  cor- 
kted  with  the  stability  of  the  enol  form,  that  is.  with  the  develop- 
it  of  acidic  functions. 

Thus,  ethyl  ipalonate,  ethyl  ethylacetoaceUtte,  etuyi  acetoacetate,  and 

F  F  2 
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the  corresponding  benzoylacetate  readily  undergo  the  sodium-alkyl 
replacement,  yielding  C-esters  ;  the  silver-alky  1  reaction  occurs,  however, 
with  greater  diflSculty  with  ethyl  malonate  and  ethyl  ethylacetoacetate, 
the  product  being  also  C-ester,  and  only  in  the  case  of  the  last  two 
esters,  which  readily  undergo  silver-alkyl  replacement,  is  any  appreci- 
able amount  (about  5  per  cent.)  of  the  0-ester  formed. 

Ethyl  oxaloacetate,  on  the  other  hand,  is  alkylated  to  the  C-ester 
with  difficulty  by  the  sodium-alkyl  reaction,  whereas  it  readily  under- 
goes the  silver-alkyl  replacement  yielding  the  O-ester  exclusively,  the 
latter  result  being  likewise  attained  by  the  alkylation  of  its  silver 
derivative. 

In  this  respect,  the  silver  derivative  of  ethyl  oxaloacetate  re- 
sembles the  silver  salts  of  the  carboxylic  acids;  these  readily  "react 
with  alkyl  iodides,  and  thereby  differ  from  their  sodium  salts,  which  do 
60  with  greater  difficulty. 

The  distinction  between  the  two  modes  of  replacement  is  not,  how- 
ever, always  so  sharply  defined ;  thus  the  alkali  (in  alcoholic  solution) 
and  silver  derivatives  of  oxymethylenecamphor  both  readily  undergo 
replacement  of  the  0-type  (Bishop,  Claisen,  and  Sinclair,  Annalen,  1894, 
281,  317),  a  behaviour  which  resembles  that  of  the  phenols. 

Amongst  the  keto-enol  compounds,  'anomalous  alkylation  '  through 
the  agency  of  a  sodium  compound  appears  to  be  unknown,  and  first 
appears  with  silver  acetylacetone  (Nef,  Amutlen,  1893,  276,  217)  and 
the  silver  oxide  alkylation  of  ethyl  acetoacetate  and  benzoylacetate. 
This  class  of  compound  is  generally  characterised  by  'anomalous 
acylation,'  the  introduction  of  the  COgEt  group  into  ethyl  acetoacetate 
(Claisen,  Ber.,  1892,  25,  1760)  and  of  the  acetyl  and  benzoyl  radicles 
by  the  action  of  the  respective  chlorides  on  the  copper  derivative  of 
ethyl  acetoacetate  (Nef,  Jnnalen,  1891,  266,  110)  being  cases  in 
point. 

II.  Does  the  Silver  Oxide  Jieaction  afford  a  Valid  Basis /or  a  Thear^lical 
Discussion  of  the  Iteptacevient  of  Metallic  Radicles  t 

Before  the  results  indicated  in  the  preceding  section  can  be  dis> 
cussed  from  any  theoretical  point  of  view,  it  is  very  important  to 
decide  whether  the  alkylation,  as  carried  out  by  the  silver  oxide  reaction, 
is  comparable  with  that  which  would  occur  between  the  isolated  silver 
derivative  and  an  alkyl  iodide. 

In  the  alkylation  by  silver  oxide,  the  salt  is  rapidly  decomposed 
by  the  iodide,  indeed,  the  process  may  be  loosely  described  as 
*  nascent  alkylation,'  and  might  differ  from  ordinary  alkylation.  Few 
stable  silver  salts  of  the  keto-enol  compounds  and  substituted  amides 
are  known,  but  the   silver  derivatives   of   ethyl  oxaloacetate  (Nef, 
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1893,  277,  73)  and  silver  formantliile  (Com«tock  and  Kloeberg, 
Awmr,  Chmn,  •/.,  1891,  13,514)  can  be  prepared,  and  gire  O-derivativeti 
with  alkjl  iodides.  The  corresponding  alkylation  by  silver  oxide  was 
therefore  examined. 

JSikyimtim  </  BiAyl  OmUacttaU  6y  mtanM  qf  Dry  Silver  Oxid*,-^ 
Forij  grams  of  dry  silver  oxide  were  added  in  small  portions  to  a 
solution  of  30  grams  of  ethyl  oxaloacetate  and  56  grams  of  ethyl 
iodide ;  the  somewhat  violent  reaction  is  at  first  moderated  by  cooling 
and  then  completed  by  boiling  for  half  an  hour  on  the  water-bath. 
After  12  hours,  the  mixture  was  fractionated  in  a  partial  vacuum.  A 
»mall  fraction  distilled  between  130*^ and  140°  under  17  mm.  pressure  and 
the  main  bulk  of  the  liquid  between  134°  and  142°  (11— 12  mm.), 
leaving  a  considerable  residue.  Neither  distillates  nor  residue  gave  a 
coloration  with  alcoholic  ferric  chloride.  The  whole  distillate  (21  grams) 
was  shaken  with  dilute  potassium  hydroxide,  when  no  ester  dissolved, 
and,  on  distillation,  19*5  grams  were  recovered,  of  which  the  chief 
fraction  (13  grams)  boiled  at  135 — 137°  under  11  mm.  pressure,  the 
extreme  boiling  points  being  135°  under  12  mm.  and  138°  under 
1 1  mm.  pressure  : 

0124  gave  02523  CO,  and  0085  H,0.     C  «  555  ;  H  -  76. 
CkjHjjOj  requires  C  -  55*55  ;  H  =  7*4  per  cent. 

The  product  evidently  consisted  of  ethyl  ethoxyfumarate,  and  there- 
•re  the  alkylation  by  the  silver  oxide  method  is  similar  to  that  by  the 
liver  salt. 
MethylcUum  of  Farmanilide  hy  meant  qf  Dry  Silver  Oxide, — ^Thirty- 
ve  grams  of  dry  silver  oxide  were  added  gradually  to  a  slightly  warm 
)lution  of  12  grams  of  formanilide  in  42  grams  of  methyl  iodide. 
Vfter  about  one-third  of  the  oxide  had  been  added,  the  mixture  was 
diluted  with  ether  and  finally  boiled  for  2  hours.     On  distillation,  the 
main  product,  consisting  of  9*2  grams  of  i\^phenylformiminomethyl 
ether,  boiled  at  86—90°  under  13  mm.,  and  at  194—198°  under  the 
ordinary  pressure.     The  residue,  on  further  distillation,  yielded  a  small 
quantity  of    brown  oil,  having  the  odour  of  a  cyanide  and  boiling 
between  280°  and  290°  under  the  ordinary  pressure.   When  hydrolysed 
by  alcoholic  potassium  hydroxide,  this  oil  gave  a  secondary  base,  show- 
ing that  the  isomeric  amide  had  also  been  formed  to  a  slight  extent 
A  small  quantity  of  diphenylformamidine  (m.  p.  131 — 133°)  was  also 
present  in  the  product  of  vpaction. 

In  a  comparative  experiment  carried  out  by  boiling  21*5  grams  of 

Iver  formanilide  suspended  in  ether  with  17  grams  of  methyl  iodide 

3  hours,  the  yield  of  iminoether  amounted  to  only  4  grams ;  there 

also  more  isomeric  amide  (the  formation  of  which  does  not  appear 

have  been  noted  by  Comstock  and  Kleeberg)  and  considerably  more 
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diphenylformamidiiie  than  in  the  silver  oxide  methylation.  Although 
these  differences  are  important,  the  results  of  the  two  syntheses  are 
comparable. 

As  a  result  of  these  experiments,  the  question  propounded  in  this 
section  may  be  answered  in  the  affirmative. 


II  r.  Hypotheses    Employed    in    Explaining    the    Replacement    of 
Metallic  Radicles. 

(i)  The  Addition  Ilypotliesis. — Of  the  hypotheses  which  have  been 
proposed  in  explanation  of  the  reactions  of  tautomeric  compounds  and 
their  metallic  derivatives,  that  of  addition  (Michael,  J.  pr.  Cfiem., 
1883,  37,  486;  Nef,  An7ialen,  1891,  286,  59)  has  found  very  general 
acceptance,  particulaily  when  intermediate  additive  compounds  can 
be  isolated.  But  among  the  metallic  derivatives  of  tautomeric 
compounds  the  additive  compound  of  acetyl  chloride  and  ethyl 
mercuriacetoacetate  (Nef,  Annalen,  loc.  cit.)  is,  as  far  as  I  am  aware, 
the  only  example  which  has  hitherto  been  isolated  in  a  pure  state. 
When  the  substitution  occurs  in  a  single  direction,  the  formation  of 
either  product  can  be  equally  well  explained  by  taking  one  or  other  of 
the  two  possible  structures  of  the  metallic  derivative.     When,  however, 

*  anomalous  replacement '  occurs,  additional  assumptions  are  necessary, 
such  as  that  of  the  simultaneous  occurrence  of  direct  and  indirect  re- 
actions, these  involving  still  further  suppositions  to  decide  when  direct 
and  indirect  replacements  shall  occur,  and  which  shall  predominate. 
The  positive-negative  theory  of  Michael  (J.  pr.  Chern.y  1892,  46, 
205)  attempts  this  task,  but  relative  positivity  and  negativity  alone 
can  hardly  account  for  the  difference  between  the  methylation  and 
ethylation  of  the  substituted  amides  by  means  of  silver  oxide. 

In  view  of  the  doubly  unsaturated  character  of  the  cyanides,  an 
explanation  of  the  reactions  of  the  metallic  cyanides  on  the  assump- 
tion of  intermediate  addition  is  more  probably  correct  than  in  other 
cases.  Setting  aside  the  possibility  of  direct  interchange,  Wade  has 
recently  (Trans.,  1902,  81,  1611)  put  forward  a  modified  addition 
hypothesis,  which  satisfactorily  accounts  for  cyanide  reactions  owing 
to  the  possibility  of  addition  occurring  in  at  least  two  ways.  But  the 
hypothesis  is  restricted  in  scope  to  the  cyanides.  Its  extension  to 
the  cases  of  the  formation  of  nitromethane  and  methyl  oyanate  by 
Wade  (p.  1612)  is  inadequate,  for  methyl  nitrite  is  formed  as  well  as 
mirometh&ne{Be\v&d,  J.  Ruse.  Phyt.Chem.JSoc.y  1892, 1, 1 25),  and  cyanic 
acid  is  not  typical  of  the  *CO*NH*  compounds,  for  its  O-esters  are  un- 
known (Nef,  Aimalen^  1895,  287,  265).     In  the  majority  of  cases  of 

*  anomalous  replacement,'  0-derivatives  are  formed,  and  it  is  difficult 
to  see  how  their  production  by  additive  processes  can  be  explained. 
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ezoept  OD  the  AMumption  of  the  qaadrivalenoj  of  ozj^^d,  which,  in 
spit*  of  its  manifeittAtiou  in  the  ozonium  talte,  oao  scaroely,  at  preneDt, 
be  aMumed  for  a  Urge  class  of  compounds  containing  metallio  radicles. 

(ii)  TIU  Po9nMii^  i^f  Itom/trte  Chang9  nf  the  Compoundk  •C(0R):N' 
or  *0(OR)!C*. — Catalytic  tranAformation  of  the  iminoethers  in  accord* 
aoce  with  the  scheme  •C(0R):N»  — >-  -CO'NR*  (caUlyser-RI)  would 
satisfactorily  account  for  this  class  of  'anomalous  replacements/  and, 
in  view  of  its  readier  occurrence  with  methyl  than  with  ethyl  compounds 
(compare  preceding  paper),  would  further  explain  the  difference  between 
methyUtion  and  etbyUtion  under  similar  cooditions.  Although  at 
first  sight  this  seemed  a  very  probable  explanation,  I  am  inclined  to 
regard  it  as  iuadequate  on  the  following  grounds. 

(a)  At  temperatures  between  40°  and  50°,  acetanilide  gives,  on  silver 
oxide  methylation,  a  mixture  of  ^-phenylacetirainomethyl  ether, 
PhNIC(OMe)Me,  and  the  isomeric  substituted  amide,  and  a  similar 
result  is  obtained  by  methylation  in  benzene  solution  during  a  week 
at  the  ordinary  temperature. 

(6)  i^T.Phenylbenziminomethyl  ether  is  produced  along  with  the 
isomeric  amide  by  methylation  of  benzanilide  by  silver  oxide  in  boiU 
ing  bensene  solution,  but  when  the  pure  iminoether  is  boiled  with 
silver  oxide,  methyl  iodide,  and  benzene  for  4  hours  it  does  not  undergo 
transformation. 

ie)  Although  'anomalous  ethylation  *  of  acetanilide  occurs  in  a  closed 
'    100°,  ^T-phenylacetiminoethyl  ether  is  practically  unaltered 
•:^  urs' heating  with  ethyl  iodide  at  that  temperature  (compare 

preceding  paper). 

(d)  The  AV^phenylformimmoethers  would  appear,  from  the  work  of 
Wislicenus  and  Qoldschmidt  (compare  preceding  paper),  to  undergo 
rearrangement  at  least  as  easily  as  the  ^-phenylacetimino'  and  other 
iminoethers,  yet  '  anomalous  methylation '  is  not  so  characteristic  of 
formanilide  as  of  other  substituted  amides. 

These  obeervations,  whilst  they  do  not  absolutely  exclude  this  ez« 
planation,  nevertheless  render  it  very  improbable.  It  might,  for 
example,  be  supposed  that  isomeric  change  after  formation  is  not 
Decessarilj  so  easy  as  at  the  moment  of  formation,  and  an  explana- 
tii>n  in  these  terms  might  be  given.  But  it  could  have  no  value,  for 
it  avoids  the  issue,  unless  the  mechanism,  to  which  such  a  phenomenon 
is  due,  were  elucidated. 

An  explanation  of  '  anomalous  alkylation '  of  keto-enol  compounds 
by  the  supposition  of  change  of  the  grouping  •C(OR)IC'  into  'OO^CR' 
is  less  tenable  than  with  the  substituted  amides,  for  the  ethozy- 
crotonic  and  ethozyfumaric  esters  have  not  been  transformed 
(Wislicenus  and  Qoldschmidt,  Ber.,  1900,  33,  1469),  and  in  the 
nearest  allied  case  of  the  phenylvinyl  ethers,  which  change  on  super- 
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heating  into  homologues  of  acetophenone,  the  higher  alkyl  radicles 
show  greater  mobility  than  the  lower  (Claisen,  J5er.,  1896,  29,  2932). 

*  Anomalous  acylation'  may,  however,  be  found  to  admit  of  an 
adequate  explanation  by  the  assumption  of  isomeric  change  after 
formation,  for  Claisen  and  Haase  {Ber.,  1900,  33,  3780)  have  shown 
that  ethyl  0-acetylacetoacetate  changes  with  ease  into  the  C-aceiyl 
compound  on  treatment  with  alkaline  substances. 

(iii)  The  Desrnotrojnc  Change  of  Momentarily  Free  Tautomeric  Residues, 
—The  views  on  the  substitution  of  metallic  radicles  developed  by 
Wislicenus  (Tautomerief  Ahrens-Sammlung ,  1897,  249,  et  seq.),  are  of 
such  importance  that  a  summary  may  not  be  superfluous. 

It  is  assumed  that  the  metal  is  attached  in  the  stable  salts  to  the 
most  electronegative  atom  available.  *  Direct '  replacement,  in  which 
the  entrant  radicle  takes  the  same  place  as  the  metal  atom,  occurs 
under  a  certain  *  constraint '  (*  Zwang  ').  *  Indirect '  or  *  free '  re- 
placement is  that  in  which  the  entrant  radicle  assumes  a  different,  and 
more  favoured,  position  to  that  of  the  metallic  atom.  The  physical 
conditions  are  laid  down  under  which  each  of  these  types  of  reaction 
may  be  expected  to  occur. 

1.  For  a  constrained  (*  Zwang  ')  reactioii  : — Use  of  an  insoluble  deriv- 
ative, preferably  a  silver  compound  ]  avoidance  of  a  large  excess  of 
solvent,  particularly  if  this  is  a  dissociating  medium  ;  a  low  temperature. 

2.  For  a  ^  free  '  reaction  : — Use  of  a  soluble  (alkali)  derivative ;  a 
dissociating  medium  (water,  alcohol) ;  an  elevated  temperature. 

The  two  constitutive  factors,  dependent  on  the  tautomeric  and 
entrant  residues,  are  of  great  importance,  and  a  variation  can  only  be 
expected  as  the  result  of  constitutive  influences  of  uncommon 
strength. 

Eegarding  the  formation  of  metal  halide  as  the  first  step  in  replace- 
ment, there  may  very  well  be  produced  free  residues,  and  desmotropic 
change  may  occur  all  the  more  readily  as  there  is  no  attendant  trans- 
port of  atoms.  If  time  be  allowed  for  this  change,  we  have  a  *  free ' 
reaction.  Diagrammatically,  this  view  of  the  mechanism  of  replace- 
ment may  be  expressed  by  the  scheme  : 

X:Y-Z-M+R-Hal-M-Hal  +  X:Y-Z-     z:i     -X-Y:Z  - 

U 

X:Y-Z-R  +  R-X-Y:Z. 

The  silver  oxide  alkylations  offer  a  suitable  experimental  baais  for 
testing  these  issues.  All  the  conditions  of  a  '  constrained '  reaction  are 
easily  realisable  in  them,  and  the  results  of  the  alkylation  of  the 
substituted  amides  are  generally  in  accordance  with  Wislicenus' 
principles.     But  the  formation  of  more  than  90  per  cent,  of  (7-ethyI- 
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homologuM  in  the  alkylatton  of  ethyl  aoetoaoetate  and  bensoylaoetate 
i«  MATcelj  in  huruioDy  with  them.  An  WiiUoenus  has,  however, 
fioiDUd  oat,  oonsUtutive  influenoes  are  of  prime  moment.  The  ttndy 
of  the  *  oouirained  *  alkyUtion  of  theee  esters  would  lead  us  to  conclude 
that,  in  the  corresponding  salts,  the  metal  is  attached  to  carbon,  or  else 
'  confttitutiTo  influences  of  'an  uncommon  kind'  are  at  play.     To 

.  ibute  the  phenomena  to  such  influences  \»y  hoirever,  to  avoid  the 
issae,  so  long  as  we  are  in  ignorance  of  the  nature  of  these  influences. 
It  is  at  least  diflicult  to  see  why  the  '  constrained '  conditions  of  a  silver 
oxide  alkylation  should  lead  to  results  similar  in  kind  to  those  of  a 
sodium  alkyUtion  under  free  conditions. 

Setting  aside  the  addition  hypothesis,  which  could  very  probably, 
by  suitable  alterations  of  an  empirical  and  formal  character,  be  made 
to  apply  to  all  the  facts  for  which  an  explanation  is  required,  the 
more  or  less  complete  inadequacy  of  other  modes  of  elucidation  has 
led  me  to  seek  in  the  existence  of  tautomeric  metal  salts,  a  simple 
explanation  of  the  facts  of  the  replacement  of  metallic  radicles. 

IV.  The    PouibUily    qf   tJie   Reaction  qf  Metallic  Derivatives  in 
Tautomeric  Forms, 

The  distinction  between  the  hypothesis  of  momentarily  free  valencies 
and  that  of  the  reaction  of  metallic  derivatives  in  tautomeric  forms 
is  very  slight.  Regarding  the  process  of  desmotropic  change  as 
essentially  dependent  on  dissociation,  the  difference  between  the  two 
hypotheses  amounts  to  the  choice  as  to  which  of  the  two  systems,  tauto- 
meric residue  and  metallic  atom,  or  tautomeric  residue  and  organic 
I  1  iue,  is  more  likely  to  be  capable  of  existence.  All  our  experience 
of  ionic  dissociation  favours  the  probability  of  the  existence  of  the 
former  rather  than  of  the  latter  system.  A  metallic  atom  more  easily 
undergoes  ionic  separation  from  an  acid  residue  than  hydrogen,  and, 
in  spite  of  the  large  atomic  weight,  is  probably  very  mobile.  Dissocia- 
tion to  any  important  degree  of  a  compound  of  two  organic  residues, 
Buch  as  an  ester,  does  not  occur.  To  admit  the  possibility  of  the 
existence  of  the  system,  tautomeric  residue  and  metal  atom,  is  tanta- 
mount to  accepting  the  possibility  of  the  existence  of  the  desmotropie 
:  nl  salt,  for  the  salt  reacts  as  though  it  possessed  two  structures. 
if,  as  Briihl  {Ber.,  1899,  32,  2329)  and,  more  recently,  Lapworth  and 
Hann  (Trans.,  1902,  81,  1508)  suppose,  the  display  of  desmotropy 
depends  on  ionic  dissociatidb,  and,  as  the  latter  authors  have  shown 
both  desmotropie  radicles  must  be  iocs,  the  conclusion  that  a  metallic 

[salt  in  solution  may  exist  in  desmotropie  forms  is  almost  inevitable, 
For  that  ionic  dissociation  upon  which  desmotropy  depends  will  be 
iter  with  the  metallic  derivative  than  with  the  parent  hydrogen 

[compound. 
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The  structure  in  solution  has  no  connection  with  that  of  the  solid 
salt.  If  the  latter  is  a  well-defined,  crystalline  substance,  it  must  possess 
a  definite  structure  (Knorr,  Aniialen,  1899,  306,  345),  and  no  doubt  the 
metal  is  usually  attached  to  the  most  electronegative  atom  available. 
But  when  it  passes  into  solution,  and  it  is  very  probable  that  all  salts, 
even  the  sparingly  soluble  silver  salts,  must  do  so  before  entering  into 
reaction,  an  allelotropic  mixture  will  be  formed  (Knorr,  loc.  cit..,  344). 
The  proportion  of  the  two  desmotropic  isomerides  present  in  that  mix- 
ture at  the  time  of  reaction  must  vary  and  depend  on  all  the  con- 
ditions, physical  and  constitutive,  and  on  these  factors  the  nature  of 
the  stable  products  must  depend.  The  present  hypothesis  differs  from 
that  of  Pechmann  (Ber.,  1892,  26,  1042),  who  seems  to  have  supposed 
that  the  salts  of  ethyl  acetoacetate  contain  the  metal  attached  to 
carbon  alone,  only  in  the  postulate  that,  whatever  be  the  structure  of 
the  solid  salt,  the  dissolved  substance  is  likely  to  display  allelotropism, 
that  is,  it  differs  from  Pechmann's  view  just  as  our  present  conceptions 
of  tautomeric  phenomena  differ  from  those  current  at  that  time  (1892). 

Perhaps  the  chief  objection  to  the  supposition  of  desmotropic  metal- 
lic compounds  is  the  very  general  belief  that  a  metallic  atom  must  be 
attached  to  oxygen  (or  some  other  electronegative  element).  That 
this  is  not  necessarily  the  case  was  foreshadowed  by  Titherley's  observ- 
ation (Trans.,  1901,  79,  409)  of  labile  silver  derivatives  of  benzamide 
and  acetamide,  and  has  been  decisively  negatived  by  Hantzsch's 
isolation  of  isomeric  mercuric  cyanurates  {Ber.,  \  902, 35,  2717).  A  reac- 
tion in  solution  and  an  elevated  temperature  (the  conditions  of  a  *  free  ' 
reaction)  seem  always  to  lead  to  carbon  (or  nitrogen)  replacement, 
and  involve  the  supposition  that  in  the  majority  of  cases  the  most 
favoured  position  of  the  metal  atom  is  in  attachment  with  those 
elements.  This  conclusion  is  borne  out  by  the  experiments  of  Hantzsch 
(loc.  ct7.),  in  which  the  salt  [(CO*N)2Hg]3  is  precipitated  from  solutions 
of  sodium  cyanurate  at  100°. 

It  is  also  not  unlikely  that,  in  the  silver  oxide  alkylation  of  the 
keto-enol  compounds  studied,  the  nature  and  approximate  proportions 
of  the  salts  directly  formed  are  roughly  the  same  as  those  of  the 
desmotropic  hydrogen  compounds.  Alkylation,  therefore,  throws 
light  on  the  constitution  of  the  latter  substances,  a  possibility  indi- 
cated by  Wislicenus  {Tautomerie^  254). 

The  silver  oxide  alkylation  of  the  substituted  amides  brings  out  in  a 
clear  manner  the  prime  importance  of  conditions.  £thylation  indicates 
that  the  salt  in  the  first  instance  is  almost  entirely  of  the  type 
•C(OAg)IN',  very  little  of  the  desmotropic  •CO'NAg*  being  present. 
The  *  anomalous  alkylation  '  of  these  substances  afifords  a  remarkable 
illustration  of  the  importance  of  each  of  the  factors  recognised  by 
Wislicenus  as  determining  the  nature  of  the  replacement  of  metal. 
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The  greater  tho  acidity  of  the  CONH  compound,  the  leM  readily 
will  the  desmotropic  nitrogen  salt  be  formed,  in  conformity  with 
which  we  find  that  formanilido  and  the  cyclic  amideg,  which  form 
stable  silver  derivatives,  undergo  *  anomalous  methylation '  to  a  leM 
ext«nt  than  the  amides,  which  do  not  form  such  silver  compounds. 

The«relative  facility  of  *  anomalous  methylation '  depends,  firstly,  on 
the  constitutive  factor  contributed  by  the  entrant  group,  the  smaller 
methyl  group  entering  more  readily  into  the  .V-podition  than  the 
larger  ethyl  radicle ;  secondly,  on  the  constitutive  factor  due  to  the 
orientation  of  the  aryl  group  attached  to  nitrogen,  as  shown  by  a 
comparison  of  the  methylation  of  aceto-o-toluidide  with  that  of  aceto- 
ptoluidide  (Trans.,  1901,  79,  694,  696).  The  difference  between 
methylation  and  ethylation  is  stereochemical.  The » occurrence  of 
'anomalous  ethylation '  at  higher  temperatures  is  due  to  the  readier 
occurrence  of  desmotropic  change  in  the  salt  and  to  a  diminished 
operation  of  the  stereochemical  influences. 

According  to  the  hypothesis  of  the  i*eaction  of  desmotropic  salts, 
the  processes  of  sodium  and  silver  replacement  by  alkyl  radicles  are 
essentially  similar;  the  differences  observed  in  the  result  are  due 
to  the  dissimilar  conditions  under  which  these  metallic  derivatives 
are  employed  in  synthetical  operations  and  to  the  greater  ease  of  re- 
placement of  the  silver  radicle  which  generally  obtains  in  the  0-salts. 

Under  '  constrained  '  conditions,  the  replacement  of  sodium  by  alkyl 
is  either  at  a  minimum,  as  in  the  case  of  ethyl  oxaloacetate  (Wislicenus 
and  Arnold,  Annalen,  1888,246,  337),  or  non-existent.  I  have  been 
unable,  for  example,  to  detect  any  replacement  of  sodium  on  boiling 
anhydrous  ethyl  sodioacetoacetate  with  ethyl  iodide  in  light  petroleum 
solution. 

Any  speculation  on  the  mechanism  of  the  replacement  of  metallic 
radicles  must,  however,  remain  hypothetical  until  either  definite 
intermediate  additive  compounds  have  been  isolated  and  the  reaction 
then  carried  to  its  termination — which  does  not  appear  to  have  been 
done  with  Nefs  additive  compound  of  acetyl  chloride  and  ethyl 
mercuriacetoacetate — or  until  isomeric  metallic  derivatives  have  been 
prepared  in  greater  number  and  caused  to  enter  into  these  reactions  of 
replacement. 

The  expense  of  the  experimental  work  of  this  and  the  preceding 
paper  was  defrayed  by  a  grant  from  the  Research  Fund  Committee  of 
the  Chemical  Society,  for  which  I  desire  to  express  my  indebtedness. 

UvrvxBsmr  College, 

NomXQHAM. 
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XLVIII. — The  Biolocjlcal  Method  for  Resolving  Inactive 
Acids  into  their  Optically  Active  Components, 

By  Alex.    McKenzie    (Grocers'    Company's   Research  Student)  and 
Arthur   Harden. 

The  method  for  resolving  inactive  substances  into  their  optically 
active  components  by  the  selective  action  of  micro-organisms  was  first 
employed  by  Pasteur  in  the  classical  example  of  racemic  acid,  and  has 
occasionally  been  used  since  his  time  for  the  preparation  of  one  of  the 
active  forms.  In  much  of  the  research  in  this  field  no  attempt  was 
made  to  work  ,with  pure  cultures.  Hence,  although  the  optically 
active  products  desired  were  in  certain  cases  successfully  obtained, 
there  is  often  considerable  doubt  as  to  the  exact  organism  by  which 
the  resolution  had  actually  been  effected,  the  object  having  been  to 
obtain  the  pure  active  isomeride  rather  than  to  examine  the  action  of 
any  particular  organism  upon  the  inactive  form  ;  thus,  for  example,  a 
resolution  ascribed  to  Penicillium  glaucum  may  often  have  been  accom- 
plished not  by  that  mould  but  by  the  bacteria  with  which  the  solution 
under  investigation  had  accidentally  become  contaminated  (compare 
Landolt,  Das  optische  Drehunjsvermogen,  1898,  63).  Le  Bel  clearly 
indicates  that  his  experiments  on  the  resolution  of  inactive  substances 
by  the  biological  method  were  not  conducted  under  conditions  which 
excluded  the  presence  of  organisms  other  than  the  one  originally  sown 
in  the  solution,  when  he  writes,  "  Von  Sterilisen  durch  die  Warme 
und  Cultiviren  in  geschlossenem  Kaum  Hess  ich  ab,  weil  man  die 
Substanz  bestandig  untersuchen  und  bearbeiten  muss,  und  weil  ich 
mehrmals  wUhrend  der  Cultur  beobachtete,  dass  die  Luft  neue  Sporen 
gebracht  hatte,  die  besser  wuchsen  als  der  schon  entwickelte  Pilz  " 
{Ber.,  1900,33,  1006). 

Little  is  known  as  to  the  general  mechanism  of  the  change  during 
the  growth  of  organisms  on  inactive  substances,  and  particularly  as 
to  the  ratio,  which  the  amount  of  active  product  obtained  bears  to 
that  of  inactive  substance  decomposed.  Two  possible  cases  may  be 
distinguished  : 

(1)  Only  one  of  the  active  constituents  is  attacked,  whilst  the  other 
is  untouched.  The  amount  of  active  constituent  remaining  is  in  this 
case  equal  to  half  the  substance  resolved,  but  it  may  be  mixed  with 
more  or  less  of  the  original  t-substance,  according  to  the  experimental 
conditions.  E.  Fischer  and  Thierfelder  {ber.,  1894,  27,  2031)  have 
found,  for  instance,  that  various  species  of  yeast  readily  ferment 
(2-mannose   but   have   no  action    on    /maunose.     Further,   ordinary 
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brewers*  jeast  has  been  used  by  E.  Pitcher  to  reeoWe  »*glucoiie, 
t-uuuinoee,  tfructose,  and  t-galaoto8e  (Ber.,  1890,  23,  382,  2620; 
1892, 26, 1259),  and  the  well-known  hypothesis  of  look  and  key  has  been 
proposed  with  reference  to  these  resultf*.  The  experiments  of  Frankland 
and  Frew  indicate  that  their  resolution  of  glyceric  acid  may  most 
proba))ly  be  classified  under  this  same  heading,  as  t-calcium  glyoerate 
is  attacked  by  BcidUui  ethabetieut  in  such  a  manner  that  the  d-stdt  is 
completely  decomposed  and  the  /-salt  is  loft  untouched  and  can  be 
quantiutively  extracted  (Trans.,  1891,^9,  81,  96). ' 

(2)  Both  active  constituents  are  siEQultaneously  attacked  but  at 
different  rates.  In  this  case,  the  amount  of  active  constituent 
remaining  most  be  less  than  half  that  of  the  substance  resolved. 

With  regard  to  the  resolution  of  inactive  substances  by  moulds,  it  is 
as  yet  uncert^iin  under  which  heading  it  is  to  be  placed.  The  pre- 
vailing opinion,  first  expressed  by  Pasteur  in  his  *'  Recherches  sur  la 
dissymotrie  moleculaire  des  produits  organiques  naturels,"  appears  to 
be  that  it  belongs  to  case  (1)  (compare  Landolt,  loc.  cit.,  pp.  63,  99  ; 
Schulze  and  Bosshard,  Zeit,  physiol.  Chem.y  1886,  10,  141  ;  Purdie  and 
J.  W.  Walker,  Trans.,  1893,  63,  229).  From  Pasteur's  description  of 
I  he  resolution  of  ammonium  racemate  by  Penicillium  glaucum  (Compt. 
rend,,  1860,  61,  298)  it  is  not  clear,  however,  whether  half  the  inactive 
salt  had  actually  been  decomposed,  although  it  is  stated  that  the  /-acid 
may  easily  be  isolated.  On  the  other  hand,  Schulze  and  Bosshard 
point  out  that  more  than  half  the  original  substance  had  been  used  up 
during  the  growth  of  the  mould,  but  the  experimental  evidence  sub- 
mitted by  those  investigators  is  insufficient  to  determine  in  which  of 
the  two  foregoing  classes  the  resolution  of  r-leucine  and  rglutamioic 
acid  attained  by  them  is  to  be  assigned.  Pfeffer  (Jdhvbucher  wis- 
ami.  Botaniky  1895,  221)  has  observed  that  in  the  decomposition  of 
raoemic  acid  by  various  moulds  both  the  d-  and  /-isomer ides  were 
invariably  attacked,  the  rates  being  in  some  cases  identical,  whilst  in 
others  the  d-  was  more  rapidly  attacked  than  the  /-acid. 

The  experiments  described  in  this  paper  were  carried  out  with  the 
object  of  ascertaining  the  mode  of  action  of  various  moulds  on  a  series 
of  t-acids,  with  special  reference  to  tho  question  whether  the  organism 
acte  on  one  of  the  constituents  exclusively  or  on  both  at  different  rates. 
Two  additional  points  were  kept  in  view  :  firstly,  whether  from  the 
action  of  organisms  any  definite  relationship  could  be  established 
between  the  configuration  of  the  various  related  acids,  and,  secondly, 
whether  the  active  products  of  the  action  of  different  organisms  on 
the  same  series  of  acids  show  any  regularity  as  to  sign  of  rotation. 
The  experiments  were  conducted  mainly  with  Penicillium  glaucum. 
Link,  Sterigmatocyitis  nigra  (van  Tieghem)  ( —  AajpergUlue  nigcr,  van 
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Tieghem,  oltm),  and  Aspergillus  griseicSj  Link,*  special  precautions 
being  taken  to  ensure  that  the  various  cultures  were  pure  and  that 
the  aqueous  solutions  of  inactive  substances  employed  were  sterile 
before  they  were  inoculated  with  the  pure  culture.  The  solutions 
were  either  neutral  or  faintly  acid.  Kaulin's  solution  minus  the  sugar 
and  tartaric  acid  (Fliigge,  Mikro-organismen,  p.  109)  served  in  the 
majority  of  cases  as  the  inorganic  nutrient  material.  After  inocula- 
tion, the  solutions  were  protected  from  contamination  by  plugs  of 
cotton  wool.  The  growths  of  the  PeniciUium  were  conducted  at  22°, 
those  of  the  yeasts  at  25°,  and  of  the  others  at  37°.  When  the  growths 
had  ceased,  the  respective  solutions  were  filtered,  concentrated  by 
evaporation,  clarified  whenever  necessary  by  animal  charcoal,  and 
examined.  It  should  be  mentioned  that  the  isolation  of  the  pure 
active  isomerides  was  in  no  case  attempted.  In  cases  where  the 
resolution  was  slight  and  where  the  inactive  solid  substance  was  an 
r-compound  and  not  a  c?/-mixture,  the  activity  of  the  product  was  often 
rendered  more  apparent  by  withdrawing  from  solution  a  crop  of  the 
r-compound,  the  active  constituent  remaining  in  the  mother  liquor. 


Racemic  Acid. 

PeniciUium  glaucum,  Aspergillus  niger^  and  Aspergillus  griseus  were 
grown  on  separate  solutions  of  ammonium  racemate.  In  all  cases  there 
was  a  good  growth  of  mycelium  with  little  sporing.  The  rotation 
of  the  concentrated  solution  of  ammonium  salt  was  observed  in  each 
case,  whilst  the  concentration  was  determined  by  weighing  the  acid, 
obtained  by  conversion  of  the  ammonium  salt  into  the  lead  salt  and 
decomposition  of  the  latter  by  hydrogen  sulphide. 


Original 
acid. 


P.p. 

A.  n. 
A.  gr. 


7  '52  grams 
8-76    „ 
8-76    .. 


Volume  of 
solution. 


200  CO. 

100    „ 
100    „ 


Duration  of 
growth. 


5   months 
8i      ,. 
3i      „ 


Acid 
recovered. 


4*8  grams 
1-3     „ 
1*3     .. 


[«],of 
ammonium  salt 


-4r 

7-S 


As  ammonium  (^-tartrate  has  [a]o  34*26°  (o*- 9*433),  it  is  obvious 
that  the  d-  and  /-salts  are  attacked  at  different  rates,  the  d-salt  being 
attacked  more  readily  than  its  isomeride.  It  is  probable  that  in 
Pasteur's  classical  experiment  {loc.  eit.)t  a  much  more  highly  active 
product  had  resulted  than  in  the  above  instance,  since  Pasteur  states 

*  Our  thanks  are  dae  to  the  Director  of  Kew  Gardens  for  kindly  naming  these 
onltares. 
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that  he  wm<  able  to  atparate  the  /•ftoid  with  ease.     Our  reeults  with 
P,  g,  and  A,  H.  oorroborate  those  of  Pfeffer  {loe,  eit.), 

Dimslkaxysueeinie  Aeid. 

The  acid  was  obtained  from  its  methyl  ester  prepared  by  alkylating 
meihyF  racemate  by  silver  oxide  and  methyl  iodide,  as  described  by 
Hnrdie  and  Irvine  for  the  c^-compouod  (Trans.,  1001,  70,  957). 

F,  g. — Ammonium  salt  from  1  gram  of  acid  ;  100  c.c. ;  feeble 
growth;  3}  months;  solution  when  evaporated  to  25  c.c.  gave  a„ 
—  0*05^  (/a* 4).  In  a  second  experiment,  a  similar  result  was  obtained. 
Id  a  third  experiment,  5  grams  of  barium  salt  were  used  in  670  c.c. ; 
feeble  growth  ;  3|  months  ;  solution  was  concentrated  and  2  grams  of 
•alt  were  withdrawn.  The  filtrate,  made  up  to  25  c.c  gave  a^  -  005^ 
(1*4),  the  total  salt  recovered  being  4  grams.  As  the  active  barium 
dimathoxysuccinate  has  been  shown  by  Purdie  and  Irvine  to  have 
[a]o  27*22^,  the  d-  and  /-forms  were  apparently  attacked  by  P.  g.  at 
almost  equal  rates. 

A»  n, — A  solution  of  5  grams  of  barium  salt  in  670  c.c.  showed  a 
ooDsiderable  growth  in  four  months.  After  removal  of  2*4  grams,  the 
filtrate  (25  c.c.)  gave  o©  -  012°  (/=  4). 

With  A.  gr,  the  observed  rotation  was  also  slightly  lievorotatory. 

Lottie  Acid, 

Lewkowitsch  (Ber.,  1883,  16,  2720)  found  that  an  acidified  solution 
of  ammonium  lactate  became  dextrorotatory  when  P.  g.  was  grown  on 
ii,  and  Linossier  (BuU.  Soc,  chim.,  1891,  [3],  6,  10),  by  growing  the 
same  mould  on  ammonium  lactate,  prepared  a  Issvorotatory  zinc 
salt.  These  results  are  concordant,  as  the  rotation  of  the  active  lactic 
acids  is  of  the  opposite  sign  to  that  of  their  inorganic  salts.  Frank- 
land  and  MaoGregor  (Trans ,  1893,  63,  1028)  have  also  obUined  a 
partial  resolution  of  calcium  lactate  by  bacterial  fermentation. 

F.  g.  —Twenty-five  c.c.  of  A^-lactic  acid  solution  (2*25  grams)  were 
neutralised  by  aqueous  potassium  hydroxide  and  made  up  to  600  c.c. 
There  was  a  good  growth  of  mycelium  and  spores.  After  2  weeks,  the 
residual  lactic  acid  was  estimated  in  an  aliquot  portion  of  the  solution  by 
extracting  the  acidi6ed  solution  with  elher,  converting  the  acid  into 
zinc  salt,  and  estimating  ^e  concentration  of  this.  The  total  lactic 
acidremainingamounted  to  1*571  grams,  so  that  the  acid,  which  had  been 
Attacked,was 0*679 grams.  A  small  cropof  ioactivesaltwas  removedfrom 
the  zinc  salt,  which  then  gave  aD-0'3P,  /-4,  0-4016,  [ajo-  1*93°. 
The  solution  measured  26  c.c.  Since  [a]o  of  pure  active  zinc  lactate 
is  7*74^  for  a  similar  concentration,  it  follows  that  the  total  active  salt 
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present  in  the  above  solution  was  0*2604,  the  total  amount  in  the 
original  solution  being  0*296  grams,  corresponding  with  0  2 19  grams 
of  lactic  acid.  Hence,  0*679 +  0-219  =  0*898  grams  of  inactive  acid 
were  resolved  and  yielded  only  0*219  grams  of  active  acid,  or  24*4 
per  cent. 

It  follows  that  in  this  case  the  ci-acid  was  attacked  about  twice 
as  rapidly  as  the  ^isomeride. 

A.  n.  sown  into  500  c.c.  of  a  5  per  cent,  solution  of  ammonium 
lactate  yielded  a  large  growth  of  mycelium  and  abundant  gporing. 
After  seven  weeks,  the  acid  present  was  extracted  and  converted  into 
zinc  salt,  from  the  aqueous  solution  of  which  a  crop  of  the  r-salt  was 
withdrawn,  whilst  the  filtrate  gave  [ajo  -  1*8°  (c  =  2*18)  and,  when 
acidified,  became  dextrorotatory. 

A.  gr.  also  grew  well  in  a  similar  solution.  After  five  weeks,  the 
solution  was  treated  as  in  the  preceding  experiment ;  the  solution  of 
zinc  fait  gave  [ajp  -3*5°  (c  =  2*72),  and  changed  its  sign  on  being 
acidified. 

Bacillus  suhtilis  was  cultivated  in  a  similar  solution.  After  10 
weeks  the  solution  was  acidified  and  the  volatile  acids  present  were 
removed  by  steam  distillation.  The  residual  lactic  acid  was  extracted 
with  ether  and  converted  into  barium  salt,  an  aqueous  solution  of 
which  gave  cd  +0*27°  (^=2),  the  [ajo  being  only  0*4°;  the  change  of 
sign  after  acidification  was  also  noted. 

A  species  of  Chaetophoma,  isolated  from  the  air  of  the  laboratory, 
was  grown  on  potassium  lactate  solution  and  the  product  converted 
into  the  zinc  salt,  which  was  distinctly  laevorotatory. 

Saccharomyces  ellipso'ideus  and  Sacch.  cerevisiae  when  grown  on 
potassium  lactate  solution  both  yielded  laevorotatory  salts,  the  amount 
of  active  acid  in  each  case  forming  only  a  small  proportion  (10-5  per 
cent.)  of  the  total  acid  decomposed. 

Alanine. 

E.  Fischer  {Ber.y  1899,  32,  2459)  found  that  P.  g.  grew  badly  in  a 
2  per  cent,  solution  of  alanine,  whilst  a  better  growth  was  obtained 
with  A.  n.  In  the  latter  case,  10  per  cent,  of  the  original  r-alanine 
was  attacked,  and  the  product,  examined  as  the  hydrochloride,  was 
slightly  Isevorot&tory.  Fischer,  accordingly,  obtained  the  active 
alanines  by  resolving  r-benzoylalanine  by  alkaloids.  We  found  that 
a  fairly  marked  resolution  of  alanine  might  be  obtained  by  mould- 
growth.  It  should  be  noted  that  active  alanine  itself  is  very  slightly 
active,  but  the  ^hydrochloride,  according  to  Fischer,  has  [a]u  -9*68° 
(om9'2996).  In  the  light  of  the  latter  determination,  the  rotations 
obtained  in  the  following  experiments  are  abnormally  high. 
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P,  g,  grew  well  on  a  solution  oontaining  5  grains  of  alanine  in 
1000  e.e.  After  4  weeks,  1*1  gram  were  recovered  and  converted  into 
hydrochloride,  a  determination  of  the  specific  rotation  of  which  gave 
/- l,c- 12-93.  ao  -0-48^,  [ajo  -3-7^ 

A  solution  of  5  grams  of  the  base  in  280  c.c.  when  sown  with  A.  n. 
gave  a  iarge  growth  with  much  sporing.  After  3  weeks.  4*2  grams 
were  recovered  and  the  hydrochloride  pave  ^-4,  c=  12*3,  a„  -  103", 
[«]o  -3-9°. 

A  good  growth  of  A.  gr.  with  little  8poriiig  almost  covering  the 
surface  of   a  similar   solution   was   obtained    in   6  weeks,  and   then 

"^  grams  of  base  were  recovered,  the  hydrochloride  giving  /=4, 
c-14  4,  ao  -0-55^[tt]o  -10°. 

Alky loxy propionic   Acids. 

mrStkooBjfpropionic  acid  was  prepared  by  the  action  of  sodium  ethozide 
upon  ethyl  a-bromopropionate  (Schreiner,  AnnaUn,  1879,  197,  13). 

P.  g.f  when  grown  in  300  c.c.  of  a  3  per  cent,  solution  of  the 
acid  in  the  form  of  ammonium  salt,  showed  a  fair  growth,  and 
after  2^  months  the  aqueous  solution  of  sodium  salt  (25  cc),  pre- 
pared from  the  product,  gave  ao  -0*12°  (/  =  4).  The  acid  recovered 
from  this  by  acidification  and  extraction  with  ether  was  also  slightly 
lavorotatory. 

A.  gr.,  when  cultivated  on  500  c.c.  of  a  solution  containing  6*2  grams 
of  calciom  salt,  showed  a  fair  growth.  After  3^  months,  3  grams  of  in- 
active salt  were  removed,  and  the  filtrate  (12  c.c.)  gave  od  +1*15°  (/=  2). 

leacid  prepared  from  this  solution  was  also  distinctly  dextrorotatory, 
tue  total  calcium  salt  recovered  weighing  5  grams. 

Aa  the  active  sodium  and  calcium  ethoxypropionates  have  a  specific 
rotatory  power  of  about  48°  in  dilute  aqueous  solutions  (Purdie  and 
Irvine,  Trans.,  1899,  75,  490).  those  experiments  indicate  not  only  that 
both  the  d-  and  l-  forms  are  attacked,  but  also  that  the  difference  in 
rate  of  attack  by  the  moulds  is  very  slight.  In  fact,  under  certain 
conditions,  P,  g.  attacks  both  forms  at  the  same  rate,  as  it  was  found 
in  two  other  separate  experiments  that  this  mould  grew  well  on  the 
ammonium  salt,  but  that  the  resulting  acid  was  quite  inactive. 
Similarly,  A.  n.  grows  with  some  difficulty  on  the  calciom  salt,  yielding 
an  inactive  product.  In  this  connection,  it  may  also  be  observed  that 
Pfeffer  (loc.  cit.)  likewise  obtained  an  inactive  product  when  Asp9rgiUu§ 
Jumigatus  was  grown  on  ammonium  racemate. 

a-Propoxypropionic  acid  waa  kindly  placed  at  our  disposal  by  Drs. 
Purdie  and  Lander  (Trans.,  1898.  73,  871). 

P.  g.f  when  grown  on  41  c.c.  of  a  A^-potassium  salt  solution  diluted 
to  200  cc,  showed,  after  2^  months,  a  fair  growth  with  sporing.    The 
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solution,  evaporated  to  25  c.c,  gave  a^,  -0*20°  (^  =  4),  and  the  acid 
isolated  from  it  was  also  laevorotatory. 

a-Hydroxyhulyric  Acid» 

P.  g.  or  A.  w.,  when  sown  on  200  c.c.  of  a  solution  containing 
the  ammonium  salt  obtained  from  8*3  grams  of  the  acid,  showed  a 
large  growth.  In  the  experiment  with  P.  g.,  the  acid  obtained  by 
acidification  and  extracted  with  ether  was  converted  into  zinc  salt, 
an  inactive  crop  of  which  was  removed  whilst  the  filtrate  (49  c.c.) 
gave  [ajo  -  5-1°  (c  =  6-087). 

From  the  solution,  on  which  A.  n.  had  been  grown,  4*8  grams  of  acid 
were  recovered,  and  converted  into  zinc  salt,  an  inactive  crop  of  which 
was  removed,  whilst  the  filtrate  (25  c.c.)  gave  [ajp  -6*0°  (c  =  8*752). 

Under  similar  conditions,  A.  gr.  showed  a  good  growth  of  mycelium, 
but  little  sporing.  After  2  months,  7  2  grams  acid  were  recovered. 
The  filtrate  (21  c.c.)  from  the  zinc  salt,  as  before,  gave  [ajo  -  I'O** 
(c=1412). 

P-Hydroxyhutyric  Acid. 

In  2  months  a  large  growth  of  P.  g.  was  obtained  in  100  c.c.  of  a 
4  per  cent,  solution  of  the  acid  in  the  form  of  its  ammonium  salt. 
The  product  was  laevorotatory,  and  an  aqueous  solution  (12  c.c.)  of 
the  acid  obtained  from  it,  by  acidification  and  extraction  with  ether, 
gave  ttD  -0-22°  (^=2);  3  0  grams  acid  were  recovered. 

A.  n.,  cultivated  on  a  solution  of  the  ammonium  salt  (3*5  grams  of 
acid  in  100  c.c),  showed  in  2i  months  an  abundant  mycelium  growth 
with  incipient  sporing.  An  aqueous  solution  (12  c.c.)  of  the  acid  gave 
ttD  - 006°  (/  =  2),  2  grams  of  acid  being  recovered. 

A.  gr.y  when  cultivated  on  a  solution  of  ammonium  salt  containing 
3  grams  of  acid  in  1000  c.c,  grew  well  in  1  month.  An  aqueous 
solution  of  the  acid  gave  a^  +0'33°  (/-4)  and  [a]u  +2-7°.  0*8  gram 
of  acid  was  recovered. 

As  [a]i,  of  the  active  )9-hydroxybutyric  acids  is  equal  to  24'8® 
(McKenzie,  Trans.,  1902,  82,  1404),  the  d-  form  appears  to  be  attacked 
by  P.  g.  and  il.  n.  more  readily  than  the  I-  form,  but  less  readily  by  A.gr. 
Although  the  d-  form  is  a  better  medium  for  the  growth  of  P,  g.  than 
the  I-  form,  the  mould  flourishes  exceedingly  well  in  a  suitable  solution 
of  the  latter,  as  shown  by  the  following  experiment. 

P.  g.f  when  grown  on  a  solution  (100  c.c.)  containing  1*1  grams  of 
^acid  in  the  form  of  ammonium  salt,  grew  well,  the  surfaoe  boin^' 
quite  covered  by  mycelium  and  spores.  After  1  month,  0*7  gram 
{•aoid  was  recovered. 
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tt  was  noted  by   Lewkowii^ch  {Ber.,  1883.  Id,  2720)  that,  when 

'\  g.  was  grown  on  ammoDium  glyoerat6)  the  solution  became  Imto- 

tatorjr.     BaeiUui  €iMactHe%u  has  been  used  bj  Franklaod  and  his 

tpils  for  the  preparation  of  <i-glycerio  acid  and  its  derivatives  (Trans., 

>^9l.eG.  8I.Ac.). 

In  3}  months,  a  large  mycelium  growth  of  7^.  g.  with  abundant 
>(>onng  was  obtained  on  a  solution  containinfr  8  grams  of  calcium 
glvcerate  iu  200  c.c.  ;  4*5  grams  of  halt  were  removed,  which,  when 
dianeUed  in  dilute  hydrochloric  acid,  gave  (25  c.c.)  dp  -hO  11°  (/«4)i 
The  filtrate  (32  ca)  gave  [a]t,  -5*9'^  (c  =  4-26).  an.i,  when  aiidified, 
became  dextrorotatory  in  accordance  with  Frankland'a  observatious. 
The  total  salt  recover*  d  wiut  6  grams. 

A  comparable  experiment  with  A.  n.  gave  similir  results.  After 
3  weeks,  6  grams  of  salt  wi  re  withdrawn,  whilst  the  filtrate  (25  cc.) 
gaveao  -0-39°(/-4). 

A.  gr.  was  cultivated  under  similar  conditions,  and,  after  2^  months, 
'2  grams  of  salt  were  withdrawn.  The  filtrate  (36  c.c.)  gave  [a]o 
—  6-2°  (e«4'39),  and,  when  acidified,  became  dextrorotatory.  The 
total  salt  recovered  -  7  grams. 

Hydrated  calcium  glycerate  has  fa]ir  -11'66°  (c- 10)  (Frankland 
and  Appleyard,  Trans.,  1893,  63,  296). 


Malic  Acid. 

Malic  acid  was  prepared  from  monobromosuccinic  acid  by  silver 
oxide  according  to  KekuU's  process.  P.  g.  Calcium  salt  from  2  grams 
of  acid ;  600  c.c. ;  good  growth  with  little  sporing ;  1  month.  The 
rotations  of  the  product  and  of  the  acid  obtained  from  it  were  so 
slight  that  they  could  not  be  directly  observed.  This  was  to  be  ex- 
pected from  the  low  values  which  ^malic  acid  and  its  calcium  salt 
are  known  to  possess.  The  rotation  of  the  malic  acid  in  the  above 
solation  was  rendered  obvious,  however,  by  Walden's  uranyl  nitrate 
reagent  (B«r.,  1897,  30,  2889)  by  the  use  of  which  a  marked  l»vo- 

rotation  was  noted. 

« 

Alk/loxyt%iceinic  Acids, 

For  specimens  of  those  acids  we  are  indebted  to  Dr.  Ptirdie.  Under 
the  conditions  employed  by  us,  the  various  moulds  either  did  not 
grow  at  all  or  the  growth  was,  as  a  rule,  feeble,  as  in  the  two  follow- 
ing instances. 

MethoxymtMUdc  Acid, — P.  g.     Two  grams  of  ammonium  hydrogen 

G  G  2 
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salt ;  200  c.c. ;  alight  mycelium  growth  with  little  sporing ;  an  inactive 
crop  was  separated,  and  the  filtrate  (25  c.c.)  gave  ao  —0-09°  (1  =  ^)- 

Propoxysuccinic  Acid. — A  slight  growth  of  P.  g.  took  place  with 
the  calcium  salt  but  the  product  was  inactive. 

Ethoxy succinic  Acid. — In  this  case  a  fair  growth  of  P.  g.  was 
obtained  on  the  calcium  salt  solution  but  no  activity  was  observed 
with  the  product. 

With  the  potassium  salt  from  43*1  c.c.  of  i^T-acid  solution  diluted  to 
1000  c.c,  a  good  growth  of  P.  g.  was  obtained.  After  2  months,  the 
acid  was  extracted  with  ether,  32 '5  c.c.  of  iV^-acid  solution  being 
recovered.     This  gave  a^  -0  37°,  ^  =  4,  c  =  9-8,  hence  [a]o  -0-9°. 

Mandelic  Acid. 

P.  g. ;  15  grams  of  acid,  to  which  9/10  of  the  calculated  amount  of 
potassium  hydroxide  solution  was  added ;  500  c.c. ;  the  growth  was 
slight.  After  4  months,  the  solution  was  filtered,  neutralised,  re- 
sterilised,  and  resown.  After  6  weeks,  the  growth  was  again  slight. 
By  acidification  and  extraction  with  ether,  14  grams  of  acid  were 
recovered,  a  saturated  aqueous  solution  of  which  appeared  to  be 
inactive.  The  activity  was  rendered  apparent  by  the  following 
method.  After  4*5  grams  of  the  r-acid  had  crystallised  out,  the 
filtrate  was  converted  into  barium  salt,  a  crop  of  the  r-salt  separated, 
and  the  filtrate,  when  made  up  to  25  c.c,  gave  a^  —0*12°  (/  =  4). 

In  another  experiment,  13*5  grams  were  converted  into  ammonium 
salt  and  made  up  to  500  c.c. ;  the  growth  again  was  slight ;  after 
4  months,  10  grams  of  acid,  a  10  per  cent,  aqueous  solution  of  which 
was  feebly  leevorotatory,  were  recovered.  The  direction  of  rotation 
was  confirmed  as  indicated  in  the  previous  experiment. 

When  3  grams  of  acid  were  converted  into  ammonium  salt  and 
made  up  to  1000  c.c,  the  growth  was  again  slight.  After  4  months 
the  resulting  solution  was  concentrated  and  when  exactly  neutralised 
by  ammonia  gave  O0  -  0*11°  (^=*4)  for  25  c.c. 

The  above  results  differ  altogether  from  those  of  Lewkowitsoh 
{Ber.,  1882,  16,  1506;  1883,  16,  1568),  who  states  that  P.  g.  growB 
well  in  a  solution  of  ammonium  mandelate,  and  that,  after  one  crys^ 
tallisation  of  the  resulting  acid,  the  pure  (2-mandelio  acid  may  be 
obtained.  On  the  contrary,  in  our  experience  the  growth  of  a  pure 
culture  of  the  mould  in  question  takes  place  with  difficulty  and  the 
product  is  faintly,  but  distinctly,  IcBVoroUUory*  In  addition  to  the 
experiments  quoted,  six  others  were  performed  with  solutions  of  the 
strength  employed  by  Lewkowitsch,  and  the  results  were  similar  in 
every  case.  We  find,  however,  that  a  considerable  resolution  may  be 
attained  by  certain  bacteria,  for  example,  a  solution  of  ammonium 
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maodeUte  with  the  usual  ioorgaaio  food  material  was  purpoMly 
allowed  to  booome  Bpootaneoualy  infected  by  bacteria  from  the  air, 
when  a  vigorous  growth  occurred  yielding  a  tUxtroroiatory  acid  with 
(a]o  +33^  In  one  experiment  described  by  Lewkowitsch  where  he 
obtained  a  mycelium  growth  under  the  surface  of  the  liquid,  the 
resulting  acid  was  lerorotatory,  0*1  grams  of  /-acid  being  calculated 
as  produced  from  3  grams  of  the  inactive  substance.  The  direction  of 
rotation  accords,  in  this  case,  with  our  results.  From  observations 
made  by  Pfeffer  {loe.  eit.)  and  from  our  experiments,  we  conclude  that 
the  resolution  of  mandelic  acid  attained  by  Lewkowitsch  was  not 
effected  by  P,  g. 

One  other  observation  made  by  Lewkowitsch  is  contradictory.  He 
found  that  acidified  solutions  containing  (i-mandelic  acid,  when  left 
exposed  to  air,  became  covered  by  moulds  by  spontaneous  infection, 
whilst  acidified  solutions  containing  the  /-acid  did  not.  Spores  of  P,  g, 
introduced  into  the  latter  did  not  grow. 

A.  n.  and  A.  gr.  differ  from  one  another  in  giving  Isevo-  and  dextro- 
rotatory products  respectively. 

A.  n. — 6*75  grams  of  acid  in  250  c.c.  were  convert^red  into  ammonium 
-;ilt,  to  which  0*75  grams  acid  were  then  added.  Considerable 
mycelium  growth  at  bottom  of  flask  ;  slight  growth  on  surface  with 
little  sporing.  After  4  months,  5*8  grams  of  acid  were  recovered  : 
/-4.c=  11-6,  gd- 1-46°,  [a]o-3P. 

A.  gr.  showed  a  marked  growth  when  cultivated  on  a  solution 
(500  c.c.)  of  15  grams  of  acid  neutralised  by  the  calculated  amount 
of  potassium  hjdroxide.  After  3  months,  13*5  grams  of  acid  were 
recovered;  c«13-5,  aD  +  017°  (/-4). 

A,gr.  grew  well  on  a  500  c.c.  solution  of  3  grams  of  acid  neutralised 
by  ammonia.  After  4  months,  2'1  grams  of  acid  were  recovered  : 
/=4,c-7144,od  +  8-33°,  [a]D  +  29-2''. 

Alkyloxypkenyiacetic  Acids. 

Methoryphenylacfiiic  acid  was  prepared  by  alkylating  mandelic  acid 
with  silver  oxide  and  methyl  iodide  (McKenzie,  Trans,  1899,76,  753). 

P.  g.t  when  cultivated  on  500  c.c.  of  a  1  per  cent,  solution  of  the 
sodium  salt,  grew  only  slightly.  After  4  months,  a  crop  of  the  inactive 
sodium  salt  was  separated  ;  the  filtrate  (12  cc.)  gave  ao-OlS^  (^"2) 
and  the  acid  obtained  from  it  was  also  levorotatory. 

The  laevorotation  was  confirmed  by  an  experiment  with  the 
ammonium  salt.  In  both  cases  the  salts  were  attacked  by  the  mould 
only  to  a  slight  extent.  A,  n,  and  A.  gr.  gave  very  feeble  growths  in 
i^olutions  of  the  sodium  and  ammonium  saltf,  end  no  definitely  active 
products  were  isolated. 


434    Mckenzie  and  harden  :  method  for  resolving  inactive 

tJthoxyphenylacetic  acid  was  prepared  by  the  action  of  sodium 
ethoxide  upon  ethyl  chlorophenylacetate.  Under  the  conditions 
employed,  it  was  found  impossible  to  obtain  satisfactory  growths  of 
the  various  moulds.  P.  g.  and  A.  gr.  appeared  to  give  slightly  laevo- 
rotatory  and  dextrorotatory  products  respectively. 

Fropoxypkenylacetic  acid  was  prepared  by  alkylating  mandelic  acid 
with  silver  oxide  and  propyl  iodide. 

P.  g.f  when  cultivated  on  1 00  c.c.  of  asolution  contaicing  the  ammonium 
salt  from  3'9  grams  acid,  gave  a  fair  mycelium  growth  without  sporing. 
After  2  months  the  acid  (2'2  grams)  was  converted  into  calcium 
salt.  One  gram  r-salt  was  removed,  and  the  filtrate  acidified  and 
extracted  with  ether.  The  resulting  acid  was  converted  into  sodium 
salt,  the  aqueous  solution  of  which  (25  c.c.)  gave  aD-0*20°  (^  =  4). 

A.  n.,  when  grown  on  a  solution  of  equal  strength,  gave  only  a 
slight  mycelium  growth  with  some  sporing.  After  4  months,  the 
ethereal  solution  (42  c.c.)  of  the  acid  obtained  was  l»vorotatory, 
25  c.c,  of  it  giving  ap-0*27°  (^=4).  The  barium  salt  prepared  from 
this  was  also  iajvorotatory.     The  total  acid  recovered  =  3*4  grams. 

In  the  action  of  pure  cultures  of  J\  g.,  A.  n.  and  A.  gr.  on  salts  of 
inactive  acids,  our  experience  in  most  cases  tends  to  show  that  the 
mode  of  action  is  such  that  the  mould  attacks  the  one  active  isomeride 
more  readily  than  the  other,  and  that  the  extent  of  the  resolution 
depends  solely  upon  the  difference  of  the  rate  of  attack.  For  obtaining 
the  pure  active  isomeride,  the  method  is  unsuitable.  In  several  cases 
a  good  growth  of  the  mould  can  be  induced  and  yet  either  no  resolu- 
tion at  all  or  a  very  slight  one  results ;  the  inference  here  is  that 
the  rates  of  attack  of  the  mould  on  the  two  active  forms  is  either 
equal  or  approximately  so.  Again,  the  substitution  of  the  hydroxyl 
groups  of  aliphatic  hydroxy-acids  by  alkyloxy-groups  has  a  very 
maiked  effect  on  the  growth  of  the  various  moulds,  which  cannot  be 
purely  accidental.  Whilst  the  moulds  flourished  exceedingly  well  in 
the  solutions  of  tartrates,  lactates,  and  malates  examined,  they  grew 
badly  in  solutions  of  dimethoxysuccinates,  alkyloxypropionates  and 
alkyloxysuccinates  respectively,  many  unsuccessful  attempts  having 
been  made  to  obtain  suitable  solutions  of  the  latter  substances  before 
the  organisms  could  be  induced  to  multiply  in  them  at  all.  Those 
phenomena  are  not  to  be  accounted  for  on  stereochemical  grounds,  as  the 
experimental  evidence  submitted  by  Purdie  and  others  shows  that  the 
configuration  of  the  alkyloxy-acid  corresponds  with  that  of  its  related 
hydroxy-acid.  On  the  other  hand,  the  fact  that  P.  g.  and  A.  n.  grow  well 
in  ammonium  fumarate  but  practically  not  at  all  in  ammonium  maleate 
(K  fiuchner,  Ber.y  1892,  26,  1161)  may  possibly  be  partly  attributed 
to  spatial  influence,  and  within  the  same  category  may  also  be  classi- 
^ed  the  results  of  Emmerling,  who  finds  that  various  related  amino- 
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acids  differ  in  a  marked  degree  from  one  another,  when  r«gard«d  at 
■onroet  of  food  maUrial  for  moulds.  For  example,  thote  Boaldi 
whieh  grow  •zoalkotlj  on  a-amino-/3-hydrozypropioDic  add,  do  not 
grow  at  all  on  the  isomeric  ^-aminoa-bydroxy propionic  acid  (5sr., 
1903,  30,  3390). 

In  the  following  list  the  rotation  of  the  product  after  growth  of  the 
BMHild  h  quoted  : 
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DioMthozysoccinie 
'  \ctio    

Aminopropionic. 

Kthoxy  propionic. 
:  l*n»DOxypropionic 
«•  Hydroxy  butyric . 
/I'Hydroxybatyric . 
Glyceric' 
Mslic 


p.f. 

A.n. 

A.fr- 

^ 

I- 

U 

1- 

I- 

U 

i- 

I- 

U 

^ 

U 

I- 

%• 

d. 

h 

l-    ! 

I- 

I. 

d-     1 

I- 

I- 

^ 

I- 

— 

Acid. 


M«>thoxy8ucctnic 

Ethoxysuccinic 

Propoxysuccinic 

Mandelic  

Metboxyphenyl- 

acetic 

Bthox^phenyl- 

soetic 

Propoxyphenyl- 

acetic 


P.g, 

ji,  n. 

I. 

_ 

I- 

/. 

— 

/. 

A.gr. 


rf- 


—         d- 


The  regularity  with  which  a  loevorotcUory  product  was  formed  by 
P.  g.  and  A.  n.  is  striking,  especially  if  we  coDsider  other  resolutions 
described  by  previous  investigators,  for  instance,  the  following  com- 
pounds gave,  with  P.  g.,  laevorotatory  products  in  every  case  :  leucine 
(Schulse  and  Likiernik,  Ber.,  1891,  24,  671);  glutaminic  acid 
(Schulze  and  Bossh&rd,  Zeii.  physiol.  Chem.,  1886,  10,  143)  ;  mannonic 
add  lactone  (E.  Fischer,  Ber.,  1890,  23,  379);  phenyl-glycidic  acid 
(Plochl  and  Meyer,  Ber.,  1897,  30,  1611). 

Under  symmetrical  conditions  it  is  impossible  that  a  (i-stereo- 
isomeride  can  undergo  chemical  transformation  at  a  different  rate 
from  the  /form.  The  assumption  may  accordingly  be  hazarded  that, 
during  the  type  of  resolution  described  in  this  paper,  two  distinct 
compounds,  which  are  not  mirror-images,  are  formed  during  the 
Boold-growth  by  combination  of  each  of  the  active  isomerides  with 
one  and  the  same  optically  active  asymmetric  complex ;  the  rate  of 
formation  could,  on  theoretical  grounds,  be  different,  and  the  two 
hypothetical  compounds  could  also  undergo  chemical  change  at 
different  rates  (compare  Marckwald  and  McKenzie,  Ber.^  1899,  32, 
3130,  Ac.).  We  were  led,  jooordingly,  to  attempt  to  show  the  presenoe 
of  an  optically  active  enzyme  produced  by  growth  of  P,  g.t  and, 
further,  to  see  whether  it  was  possible  to  resolve  an  inactive  add 
by  enzyme  action  without  an  actual  mycelium  growth  and  sporing 
of  the  mould  in  the  solution  under  experiment.  The  following  experi« 
ment,  although  far  from  being  convincing,  may  be  quoted. 
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A  large  growth  of  P.  g.  was  obtaiDed  on  a  suitable  medium,  the  my- 
celium and  spores  were  separated  and  ground  up  with  *  kieselguhr '  by 
the  aid  of  Rowland's  apparatus  {J.  Physiol.^  1901,  27,  53),  and,  when 
the  cells  had  been  disintegrated,  the  juice  was  extracted  by  application 
of  the  requisite  pressure.  This  extract  was  slightly  dextrorotatory, 
and  microscopic  examination  failed  to  show  the  presence  of  any  spores. 
It  was  introduced  into  50  c.c.  of  a  sterile,  aqueous  iV^-potassium 
lactate  solution  (containing  a  little  toluene),  and  a  current  of  sterilised 
oxygen  was  passed  through  continuously  for  14  days,  during  which 
time  carbonic  acid  gas  was  being'slowly  evolved.  The  solution  was  then 
quite  clear,  and  was  perfectly  free  from  mycelium  or  spores  of  P.  g. 
and  also  from  bacteria.  The  lactic  acid,  prepared  from  it,  was 
converted  into  zinc  salt,  5  grams  of  which  were  withdrawn ;  the 
filtrate  measured  35  c.c,  25  c.c.  of  which  gave  a^-  0*08°  (^=4). 

It  has  been  pointed  out  by  E.  Fischer  {Ber.,  1894,  27,  2992)  that 
those  modifications  of  different  bodies,  which  are  attacked  by  the  same 
enzyme,  must  possess  analogous  configurations.  Whilst  there  is  no 
definite  proof  that  the  resolution  of  an  inactive  substance  by  a  mould 
is  to  be  ascribed  to  enzyme  action,  our  results  may  be  interpreted  in 
the  light  of  what  has  been  experimentally  shown  as  to  the  relationship 
in  configuration  between  the  various  related  acids  examined.* 

The  configuration  of  c£-tarbaric,  rf-malic,  (i-alkyloxysuccinic  and 
d-dimethoxysuccinic  acids  is  identical ;  there  is,  for  instance,  no  inver- 
sion when  (/-tartaric  acid  is  converted  into  ci-dimethoxysuccinic  acid. 
In  accordance  with  this,  it  might  be  expected  that,  when  a  mould 
resolves  racemic  acid,  giving  a  Isevorotatory  product,  the  same  mould 
would  resolve  the  other  acids  mentioned  to  give  a  product  of  the  same 
sign  of  rotation ;  this  was  the  case  in  our  experiments.  It  should  be 
mentioned,  however,  that  Purdie and  Walker  obtained  <£-ethoxysuccinic 
acid  by  growing  P.  g.  on  ammonium  hydrogen  ethoxysuccinate  (Trans., 
1893,  63,  230),  but  as  we  have  obtained  a  contrary  result,  we  are 
inclined  to  think  that  their  resolution  was  accomplished  by  the  agency 
of  some  organism  different  from  that  used  by  us.  There  is,  again,  no 
inversion  when  active  lactic  acid  is  converted  into  the  active  alkyl- 
oxypropionic  acids,  and  accordingly  P.  g.,  for  example,  resolves  those 
corresponding  inactive  acids  to  give  a  preponderance  of  the  ^forms. 

♦  Bremor  {Ber.,  1875,  8,  1694);  E.  Fisober  {Bcr.,  1896,  29,  1377);  Winther 
{Ber.,  1895,  28,  3000);  E.  Fischer  and  Thierfoldcr  {Ber.,  1894,  27,  2086);  E. 
Fischer  {Ber.,  1894,  27,  2986,  2992.  3479  ;  1895,  28,  1429  ;  Znt.  phy$iol  C%m., 
1898,  26,  60);  Walden  {Ber.,  1896,  29,  133;  1897,  80,  2795,  3146;  1899,  82. 
1883,  1855) ;  Purdie  and  Walker  (Trans.,  1893,  68,  242);  Purdie  and  WilHamaoii 
(Trans.,  1895,  67,  9S2) ;  Purdie  and  Under  (Trans.,  1898,  78,  301,  874);  Purdie 
and  Irtine  (Trans.,  1899,  76,  483;  1901,  79,  957);  Punlie  and  Barbour  (Trans., 
1901.  79,  972). 
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alao  likely  that  th«  coDfiguration  of  mandeUo  acid  and  ilM 
al k J loxjrphtpy kottio  aeidt  derived  from  it  is  the  same,  as  P.  g.  gare 
/'prodaeta  in  Um  omm  axamined.  The  results  with  alanine  are  also 
such  as  might  be  expected  from  the  considerations  just  expressed. 
The  dexiitMTOlatory  ethozy propionic  acid  formed  hy  A,  gr.  presents  an 

xceptioD. 

Xow'Walden  has  shown  that,  when  the  esters  of  /-malic  acid  are 
converted  into  the  halogen-succinic  esters  by  phonphorus  halide,  there 
is  a  change  in  the  sign  of  rotation  but  none  in  the  conBguration,  and 
he  indicates  this  latter  point  by  designating  as  ^halogen-succinic  esters 
the  dextrorotatory  esters  derived  from  Amalio  esters  (Ber.^  1899,  32, 
1859).  By  the  "normal"  action  of  sodium  hydroxide,  the  original 
/-malic  acid  may  bo  regenerated  from  /-halogen-Huccinic  acid  without  any 
rhange  of  configuration  ;  inversion  takes  place,  however,  during  the 

abnormal  "  action  of  silver  oxide.  On  those  grounds,  we  supposed 
that  when  P,  g.  was  grown  on  solutions  of  the  halogen  derivatives  of 
the  hydroxy-acids  examined,  the  products  of  the  growths  should  be 
dexiroroiatary.  We  accordingly  grew  the  various  moulds  on  solutions 
of  salts  of  a*bromopropionic,  a-bromobutjric,  and  chlorophenylacetic 
acids,  but  the  amount  of  conversion  into  the  salts  of  the  corresponding 
lactic,V  hydroxy  butyric,  and  mandelic  acids  by  the  action  of  water  was 
so  great  as  to  render  the  detection  of  a  dextrorotatory  product  difficult. 
On  the  other  hand,  with  monobromosuccinic  acid  there  was  distinct 
evidence  that  a  dextrorotatory  acid  was  formed  by  the  action  of  P.  g, 
Monobromosuccinic  acid  (16  grams)  was  neutralised  by  ammonia,  and 
the  solution  (400  c.c.)  was  sterilised  as  usual  and  sown  with  P.  g. 
The  growth  of  the  mould  was  fairly  rapid  and  extensive.  On  evapor- 
ation of  the  solution  and  extraction  with  ether  (in  which  malic  acid  is 
hardly  soluble),  bromosuccinic  acid  was  obtained,  and  25  c.c.  of  its 
aqueous  solution  (110  c.c.)  gave  oq  +0*15°  (/»4).  It  was  found 
poasible  to  convert  this  acid  into    the    corresponding    laovorotatory 

ilcium  malate.  A  similar  result  was  obtained  in  a  second  experi- 
uient  which  need  not  be  quoted.  In  those  experiments,  it  must  be 
remembered  that  we  were  actually  dealing  with  the  action  of  P.  g.  on 
a  mixture  of  bromosuccinate  and  malate,  since  during  the  sterilisation 
of  the  original  eolation  a  considerable  portion  of  the  bromosuccinate 
was  inevitably  converted  into  malate  by  the  action  of  water  (compare 
Muller,  ZtUfhytihal.  Ckeni.,  1902,  41,  483).  When  the  mould  grew 
in  this  mixture,  it  attacked  the  bromosuccinate  and  the  malate  to  give 
dextrorotatory  and  Icvorotatory  products  respectively.  When  A.  n. 
was  grown  on  a  mixture  of  the  calcium  salts  of  monobromosuccinic 
and  malic  acids,  a  dextrorotatory  bromosuccinic  acid  was  also  obtained 
along  with  a  Isevorotatory  malic  acid,  the  direction  of  the  rotation  of 


438    jowett:  the  constitution  of  pilocarpine,    part  iv. 

which  was  rendered  very  distinct  by  Walden's  reagent.  When  A.  gr. 
was  grown  on  a  similar  mixture  of  calcium  salts,  the  action  was 
different  in  so  far  that  a  laevorotatory  bromosuccinate  was  formed 
simultaneously  with  a  dextrorotatory  malate. 

Jenner  Institute  of  Preventive  Medicine, 
London,  S.W. 


XLIX. — TJie  Constitution  of  Pilocarpine.     Part  IV, 

By  Hooper  Albert  Dickinson  Jowett. 

In  previous  papers  on  this  subject  (Trans,,  1900,  77,  494,  851  ;  1901, 
79,  580,  1331),  in  which  various  substances  obtained  by  the  bromination 
and  oxidation  of  tsopilocarpine  were  described,  the  discussion  of  the 
results  was  reserved  for  a  future  communication,  as  it  was  desired  to 
obtain  as  much  experimental  evidence  as  possible  before  proposing  any 
formulae  for  the  alkaloids,  pilocarpine  and  isopilocarpine. 

In  the  last  paper,  in  particular,  when  the  structure  of  the  greater 
part  of  the  molecule  was  rendered  obvious  by  the  determination  of 
the  constitution  of  homopilopic  acid,  the  discussion  of  these  results  in 
their  relation  to  the  constitution  of  the  alkaloid  was  postponed,  as  it 
was  hoped  to  afford  conclusive  proof  of  the  correctness  of  the  proposed 
formula  for  homopilopic  acid  by  its  synthesis.  Although  several 
attempts  have  been  made  to  accomplish  this,  the  results  so  far  have 
been  unsuccessful. 

Before  stating  the  results  of  the  present  investigation  it  appears 
necessary  to  comment  briefly  on  a  paper  by  Pinner  and  Schwarz  {Ber.^ 
1902,  35,  2441)  in  which  they  suggest  a  constitutional  formula  for 
pilocarpine.  This  formula  is  based  on  (1)  the  constitution  of  homo- 
pilopic acid  and  (2)  certain  analogies  shown  to  exist  between  pilocarpine 
derivatives  and  glyoxaline,  especially  with  regard  to  the  behaviour  of 
the  quaternary  ammonium  compounds  towards  alkalis.  The  possibility 
of  the  existence  of  a  glyoxaline  complex  in  pilocarpine  was  suggested 
by  the  subtraction  of  the  homopilopic  residue  from  the  empirical 
formula  of  pilocarpine  and  by  the  formation  of  methylurea  during 
oxidation. 

It  is  on  these  grounds  that  Pinner  and  8chw&rz  suggest  the  following 
formula  for  pilocarpine  : 

o 
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IcATing  the  question  of  the  ieomeritm  between  pilocfirpioe  and  uopilo> 
carpi ne  an  open  one. 

Although  the  experimental  retulte  recorded  in  itii>  paper  ibow  that 
the  aboT*  formula  is  poaaiblj  correct,  yet  the  eyidence  from  which 
Pinner  and  Schwars  deduced  their  formula  is  open  to  criticism. 

Whilst  these  authors  have  confirmed  my  statements  regarding  the 
formation  of  homopilopic  acid  by  the  oxidation  of  isopilocarpine,  they 
have  not  proved  that  this  acid  is  produced  when  pilocarpine  is  oxidised. 
The  diamide  of  the  acid  obtained  by  them  from  pilocarpine  by 
oxidation  melted  at  182°,  whilst  the  diamide  of  homopilopic  acid  melts 
at  308°.  Therefore  either  the  acid  produced  by  the  oxidation  of 
pilocarpine  is  isomeric  and  not  identical  with  homopilopic  acid,  or  the 
diamide  obtained  by  Pinner  and  Schwarz  was  impure.  The  experi- 
ments recorded  in  this  paper  show  that  the  latter  is  the  correct 
explanation,  and  that  when  pilocarpine  is  oxidised,  homopilopic  acid, 
idetitical  in  all  respects  with  that  previously  described,  is  produced. 
Pinner  and  Schwarz  have  also  stated  that  certain  conclusions  made  by 
me  with  regard  to  the  existence  of  the  INH  group  in  t«opilocarpine 
are  inoorrect,*  and  offer  another  explanation  of  the  facts.  I  have 
proved  that  their  explanation  is  correct  by  preparing  directly  from 
uopilocarpine  methiodide  the  picrate  previously  supposed  to  be 
methyl  isopilocarpine  picrate.  The  compound  thus  previously  described 
should  therefore  be  named  i«opilocarpine  methyl  picrate. 

In  former  papers  I  showed  that  {^pilocarpine  and  pilocarpine 
contain  no  ordinary  double  bond,  and  further  experiments  recorded  in 
this  paper  demonstrate  the  extraordinary  stability  of  isopilocarpine 
towards  reducing  agents,  and  also  prove  its  mono-acidic  character, 
which  had  previously  been  shown  to  be  due  to  the  nitrogen  atom  other 
than  the  methylamine  residue. 

Pinner  and  Schwarz  seem  to  have  overlooked  these  facts,  as  they 
describe  {Ber.,  1902,  35,  204,  2443)  similar  experiments  to  prove  that 
bfomine  forms  substitution  and  not  additive  compounds,  and  make  no 
mention  of  my  results.  Moreover,  I  gave  the  most  conclusive  proof 
of  the  composition  of  the  dibromo-compounds  by  reducing  them  to  the 
original  alkaloids  (Trans.,  1901,  79,  601).  It  is  unfortunate  that 
Pinner  and  Schwarz  were  not  able  to  adduce  more  conclusive  proof 
of  the  formation  of  methylurea  by  the  oxidation  of  pilocarpine.  If, 
however,  a  small  amount  of  this  base  were  formed  it  would  not 
necessitate  the  existence  of  a  glyoxaline  ring  in  the  pilocarpine  mole- . 
cule,  as  it  might  be  equally  well  produced  from  the  betaine  formula 
mentioned  in  the  latter  part  of  the  paper.  It  is  true  that  Pinner  and 
Schwarz  have  shown  that  there  is  an  analogy  between  certain  reactions 

*  I  had  urived  at  this  opioioQ  before  the  pablication  of  Pinner  and  Schwarz's 
paper,  but  was  resenring  the  correction  until  the  results  conld  be  folly  discosied. 
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of  pilocarpine  and  its  derivatives  and  those  of  glyoxaline,  yet,  as  is 
shown  in  the  latter  part  of  this  paper,  there  are  several  other  formuls 
equally  probable,  including  the  isomerides  dependent  on  the  point  of 
attachment  of  the  non-nitrogenous  group  to  the  nitrogen  ring.  In 
consideration  of  all  these  points,  and  in  view  of  the  experimental 
results  recorded  in  this  and  the  following  paper  (p.  464),  I  am  able  to 
confirm  with  a  certain  reservation  the  formula  for  pilocarpine  suggested 
by  Pinner  and  Schwarz. 

The  constitution  of  homopilopic  acid  having  been  determined,  the 
problem  of  the  nature  of  the  remainder  of  the  molecule  has  been 
attacked  from  two  points.  Firstly,  by  preparing  substances  containing 
possibly  the  same  group  as  i«opilocarpine,  and  studying  their 
behaviour  with  certain  reagents  in  order  to  determine  if  there  was 
any  analogy  between  them  and  this  alkaloid.  The  substances  thus 
studied  were  1  :  4(or  1  :  5)-dimethylglyoxaline  and  1  :  3-dimethyl- 
pyrazole,  and  the  results  are  recorded  in  the  following  paper.  Secondly, 
by  endeavouring  to  obtain  from  tsopilocarpine  substances  containing 
the  nitrogen  ring  intact,  which  has  been  accomplished  by  distillation 
with  soda  lime.  From  the  crude  product  thus  obtained  1-methylgly- 
oxaline,  1  :  4(or  1  :  5)-dimethylglyoxaline,  l:4(or  1  :  5)-methylamyl- 
glyoxaline,  and  probably  1  :  4(or  1  :  5)-methylamyleneglyoxaline  have 
been  isolated  and  identified.  The  identification  of  the  first  three  sub- 
stances has  been  rendered  conclusive  by  the  preparation  and  analysis 
of  crystalline  derivatives  and  by  their  products  of  oxidation.  It  may 
be  mentioned  that  the  aurichloride  of  the  substance  described  in  an 
early  paper  (Trans.,  1900, 17,  853)  as  methylpyridine  was  undoubtedly 
dimethylglyoxaline.  The  analytical  figures  agree  equally  well  for 
the  latter  substance,  and  a  small  amount  of  impurity  would  account 
for  the  low  melting  point.  The  bearing  of  these  and  previous  results 
on  the  constitution  of  tsopilocarpine  is  fully  discussed,  and  the  follow- 
ing formula  proposed  for  wopilocarpine.  It  will  be  seen  that  I  is 
identical  with  that  suggested  by  Pinner  and  Schwarz, 

CO  CH,         (Jh N^^" 

y 

I. 
or 


*  CO  CH,      *  CH-N(OH,)^^ 

Y 


II. 
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The  difficulty  in  deciding  between  thete  two  formulie  ii  due  to  the 
fAct  that  the  constitution  of  the  4(or  5)inothylglyoxAline  of  Gabriel 
and  Pinkut  (Ikr.,  1893,  26,  2205)  cannot  be  sUted  with  certainty. 
The  determination  of  the  constitution  of  the  latter  will  conoluuTely 
deddt  btiw«en  formulip  I  and  II. 

TIm  reiatjonahip  of  pilocarpine  to  t«opilocarpine  is  considered,  and  the 
oonelntion  arrired  at  is  that  they  are  etereoisomerides,  the  asymmetric 
oarboQ  atom  involved  being  that  contiguous  to  the  carbozyl  residue. 
This  eooelasion  is  strongly  supported  by  the  fact  that  the  absorption 
spectra  of  the  two  alkaloids  are  absolutely  identical. 

The  formulie  for  the  following  substances  are  suggested  after  con- 
sideration of  their  reactions  ;  they  are  based  on  formula  I  for  uopilo- 
carpine,  and  if  II  should  prove  correct  will  require  slight  modification. 

Dibromopilocarpine  or  dibromoi«opilocarpine| 

C,H,.CH-CH.CH,.C.N{CH3W^3^ 

CO  CH,         CBr N 

\/ 
O 

Dibromoijopilocarpinic  acid, 

C,H,-CH-(pH-CH:CBr-N(CH5)*CBr:N'C02H 

00  CH, 

Y 

uoPilocarpinoIactone,  "''^''g'J^'^^^'XfgJflig^. 

\/ 
O 

■  y.  .  c,h,'Ch-ch-ch:ch-N(CH,)-ch:n-co,h 

woriiocarpinic  acid,  XX  \s/  i^ 

Bromocarpinic  acid, 

C,Hj-CH(CO,H)-0H,-CH:CHN{CH^-CBr:N-CO,H. 

It  is  shown  that  the  explanation  given  by  Pinner  and  Schwan  of 
the  formation  of  pilocarpoic  acid,  C^Hj^O^N,,  is  quite  untenable,  and 
DO  suggesiioDS  as  to  the  constitution  of  this,  or  pilomalic  acid,  are 
offered. 

It  seems  desirable  at  this  stage  of  the  inquiry  to  state  briefly  some 
of  the  results  obtained,  oonserning  which  there  has  been  some  uncer* 
tainty,  in  order  to  prevent  confusion  in  chemical  literature.  From  the 
products  of  the  oxidation  of  pilocarpine  or  ifopilocarpine  with  per- 
manganate, besides  ammonia  and  methylamine,  and  small  amounts  of 
acetic  and  propionic  acids,  pilopic  and  homopilopic  acids — lactonic  acids 
of  the  formula  C^Hj^O^  and  C^H^O^ — have  been  isolated  in  amounts 
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varying  with  the  conditions  of  experiment.  These  substances  occur  in 
the  oxidation  liquors  as  the  potassium  salts  of  the  corresponding 
hydroxy-acids.  These  acids  may  be  considered  to  be  the  Uctonic  acids 
of  a-hydroxymethyl-/3-ethyl8uccinic  and  /3-hydroxymethyl-aethylglu- 
taric  acids,  though  complete  proof  of  this  can  only  be  obtained  by 
synthesis.  The  acid  obtained  by  Pinner  and  Kohlhammer  by  the 
oxidation  of  pilocarpine,  which  was  first  named  by  them  piluvic  acid, 
CgHjjOj,  and  subsequently  homopilomalic  acid,  CgHj^Og,  was  undoubtedly 
homopilopic  acid,  though  the  salts  examined  by  them  were  those  of  the 
corresponding  hydroxydibasic  acid.  As  this  hydroxy-acid  is  unstable, 
immediately  losing  water  with  formation  of  the  lactonic  acid,  and  as 
Pinner  and  Schwarz  in  their  last  paper  definitely  accept  my  conclusions 
regarding  this  acid,  the  names  piluvic  and  homojrilomalic  acid  may  be 
abandoned.  The  acid,  C^H^gOg,  obtained  by  Pinner  and  Kohlhammer 
by  the  oxidation  of  pilocarpoic  acid,  which  was  first  named  wohydro- 
chelidonic  acid  and  subsequently  pilomalic  acid,  appears  to  be  a  distinct 
acid,  and  not  the  hydroxy-acid  of  pilopic  acid ;  it  should  therefore  be 
considered  as  an  acid  of  unknown  constitution. 

With  regard  to  Pinner  and  Schwarz's  suggestion  to  alter  the  name 
of  the  acid,  first  described  by  me,  from  dibromoisopilocarpinic  to  di- 
bromoisocarpoic  acid  on  account  of  its  possible  confusion  with  dibromo- 
wopilocarpic  acid,  I  see  no  reason  for  such  a  change,  and  would  prefer 
to  retain  the  original  name  for  this  acid.  The  confusion  has  arisen  by 
an  incorrect  translation  of  these  names  into  German,  the  acid  obtained 
from  dibromowopilocarpine  and  corresponding  to  the  acid  of  which  mo- 
pilocarpine  is  the  lactone  is  dibromowopilocarpic  acid  or  "dibromoMO- 
pilocarpinsaure,"  whereas  dibromowopilocarpinic  acid  would  be  **di- 
bromoi^opilocarpininsaure,"  and  not  *^  dibromoisopilocarpinsaure "  as 
rendered  by  Pinner  and  Schwarz  (compare  also  Chem.  Centr.j  1901, 
i,  1059).  The  difference  in  terminology  would  thus  be  the  same  in 
German  as  in  English,  and  no  new  name  is  required. 

Finally,  in  view  of  the  researches  which  have  resulted  in  establishing 
the  constitution  of  pilocarpine  (compare  Feist,  Arch.  Fharm.,  1902, 
240,  3),  it  would  seem  important  that  the  widely  quoted  statements 
of  Hardy  and  Calmels  regarding  this  alkaloid,  including  its  alleged 
synthesis  by  them,  should  now  cease  to  receive  scientific  recognition. 

EXPEBIMBMTAL. 

Distillation  qf  iao  Pilocarpine  loith  Soda-littie, 

After  several  preliminary  experiments,  the  best  method  of  procedure 
was  found  to  be  as  follows.  One  part  of  t«opilocarpine  nitrate  was 
mixed  with  eight  times  its  weight  of  a  mixture  of  equal  parts  of  soda- 
lime  and  slaked  lime  and  the  mixture  then  placed  in  an  iron  tube, 


JOWnT:  Till  00N8TITUTI0N   OF  PILOCARPINK.      PART   IV.      iiS 

wbioh  fitted  into  an  ordinary  oombuitton  furniuw,  replacing  the  bed 
on  wbich  ibe  glass  oombustion  tabe  usually  rests.  The  tube  waa 
rloeed  at  eaeb  tod  by  caps,  which  could  be  unscrewed,  and  contained 
iron  deliTery  iobes  at  each  end.  It  was  filled  so  that  a  clear  spaoe 
was  left  above  the  powder,  the  air  displaced  with  hydrogen, 
the  tube  then  gradually  heated,  and  the  gases,  kc,  evolved  passed  into 
aqueous  hydrochloric  acid.  When  the  whole  length  of  tube  had  been 
heated  and  no  more  gas  was  evolved,  hydrogen  was  passed  through. 
The  acid  solution  was  then  boiled  with  a  little  animal  charcoal,  filtered, 
and  extracted  with  ether ;  the  acid  liquid  was  then  made  decidedly 
alkaline  with  excess  of  caustic  alkali,  extracted  several  times  with 
ether,  the  ethereal  solution  washed  with  water,  dried  over  potassium 
carbonate  and  distilled. 

The  residue,  which  was  a  dark-coloured,  strongly  smelling  liciuid, 
was  next  distilled  under  diminished  pressure,  and  the  portion  distill- 
ing between  100^  and  200°  under  10  mm.  pressure  collected.  The 
yield  of  distillate  was  about  17  per  cent,  of  the  base  taken.  It  was 
then  distilled  several  times  under  10  mm.  pressure  and  the  following 
fractions  collected  : 

(1)  B.  p.  100— 120^  1  part.  (2)  B.  p.  120—150°,  1  part,  (3) 
B.  p.  160— 160<>,6  parts. 

These  fractions  were  then  further  examined. 


Fraction  b.  p.   100 — 120°  under  10  mm.   Pressure. 

This  was  a  colourless  liquid  with  the  characteristic  odour  of  a  gly- 
oxaline,  rapidly  becoming  brown,  and  immiscible  with  water.  An 
attempt  to  distil  it  under  the  ordinary  pressure  was  not  very  success- 
ful, and  though  the  chief  portion  boiled  at  210 — 215°,  decomposition 
occurred,  and  a  large  proportion  of  the  whole  was  left  behind  in  the 
flask  as  a  thick,  red  oil. 

The  distillate  was  analysed  : 

0-1406  gave  0-3418  CO,  and  0-108  H,0.     C  -  663  ;  H  -  8*5. 
CjHjN,  requires  C - 625  ;  H - 83  per  cent. 

The  analytical  figures  and  its  behaviour  towards  various  reagents 
(vide  itifra)  showed  that  this  fraction,  despite  its  fairly  constant  boil- 
ing point,  was  far  from  pure. 


Fraction  h.  p.  120—150**  wuUr  10  mm.  Fruiure. 

This  fraction,  which  was  very  small  for  such  a  wide  range  of  tempera- 
ture, was  so  evidently  a  mixture  that  it  was  not  further  examined.   It 
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became  oxidised  and  discoloured  much  more  rapidly  than  either  of  the 
other  fractions. 


Fraction  h.  p.  150 — 160°  under  10  mm.  Pressure, 

This  was  by  far  the  largest  fraction,  and  was  a  thick,  yellow  liquid 
which  slowly  became  discoloured,  but  was  much  more  stable  than 
either  of  the  other  fractions.  A  portion,  which  boiled  at  158 — 160° 
under  10  mm.  pressure,  was  analysed  with  the  following  result : 

0-213  gave  0-5610  CO2  and  0176  HgO.  C  =  71-8  ;  H  =  9-2. 
01956  „  O-5148CO2  „  0-160  HgO.  C  =  71-8 ;  H  =  9-l. 
0075      „    12-8  c.c.  nitrogen  at  17°  and  745  mm.     N=  19-0. 

C9H14N2  requires  G  =  72-0;  H  =  9-3;     ]Sr=18-7  percent. 

CgHjX         „      0  =  71-1;  H=10-5;  N=18'4 

Although  the  analytical  figures  agree  remarkably  well  for  those 
required  for  the  formula  CpHj^Ng,  an  amount  of  impurity  might  be 
present,  as  in  the  first  fraction,  to  cause  the  slight  variation  from  the 
numbers  required  for  the  formula  C^HjgNg.  Other  experiments, 
shortly  to  be  described,  show  that  the  fraction  contained  substances 
corresponding  to  both  of  the  above  formulae. 

Identification  of  1-Methylglyoxaline. 

In  view  of  the  fact  that  the  lowest  members  of  the  glyoxaline  series 
are  not  readily  extracted  from  their  aqueous  solution  by  ether,  the 
alkaline  liquid  after  extraction  with  ether  (p.  465)  was  neutralised, 
evaporated  to  a  low  bulk,  and  treated  by  the  method  described  for  the 
isolation  of  methylglyoxaline.  The  ethereal  solution  left,  after  re- 
moval of  the  ether  by  distillation,  a  liquid  which  distilled  completely 
at  200 — 205°.  This  colourless  liquid  had  the  peculiar  odour  character- 
istic of  the  glyoxalines,  was  miscible  with  water,  alcohol,  or  ether,  and 
was  quite  stable : 

0-1882  gave  04146  COg  and  0-134  HjO.     C  =  60-l ;  H-T'O. 
C^HgNj  requires  0  «=  58  5 ;  H  =  7*3  per  cent. 
CgHgNjj       „       0  =  62-5;  H-8  3       „ 

The  analytical  figures  indicating  a  mixture  of  methyl-  and  dimethyl- 
glyoxalines,  the  picrate  and  platinichloride  were  prepared  and  ex- 
amined. 

Flatinichhridea, — These  were  prepared  by  fractional  precipitation 
with  platinic  chloride. 

The  first  fraction  melted  at  239°  and  on  analysis : 

0  1028  gave  0-0334  Pt.     Pt-32-5. 

(C5HgN2)^,H2PtCIe  requires  Pt-32-4  per  cent. 
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The  fifth  fraction  melted  at  195°  and  on  analysis : 

00678  gave  0-0228  Pt.     Pt - 33-6. 

(C^H4Nj)j,H,PtCIa  requires  Pt-33-9  per  cent. 

The  intermediate  fractions  melted  between  195°  and  239°. 

The  picralu  were  prepared  by  precipitating  a  solution  of  the  hydro- 
chloride with  picric  acid.  The  crystalline  precipitate  melted  at  157°, 
but  after  frequent  recrystallisation  two  fractions  were  obtained  melt- 
ing at  158°  and  167°  respectively,  and  further  crystallisation  did  not 
affect  these  melting  points;  l*methylglyoxaline  boils  at  197 — 199° 
its  platinichloride  melts  at  190 — 191°,  and  its  picrate  at  158°  (j?0r., 
1889,  22.  1359). 

The  constants  of  dimethylglyoxaline  and  its  salts  agree  with  these 
recorded  in  the  next  section  of  the  paper. 

The  fraction  b.  p.  200 — 205°  contained,  therefore,  Imethylglyoxaline 
and  dimeUti/lglf/oxaline. 

Identification  of  1 :  4(or  1  :  ^)-Dimethylglyo3caline, 

The  hydrochloride  of  the  fraction  boiling  at  100 — 120°  under  10  mm. 
pressure,  does  not  crystallise,  and  the  platinichloride  and  aurichloride, 
when  prepared  in  the  usual  way,  undergo  reduction,  but  the  former 
double  salt  was  obtained  as  follows.  The  oil  was  shaken  up  with 
three  times  its  volume  of  water  and  the  aqueous  layer  separated  and 
converted  into  the  hydrochloride.  On  adding  platinic  chloride  a  yellow 
crystalline  precipitate  was  obtained  which  was  separated  and  examined. 
When  prepared  in  this  way  the  platinichloride  had  no  tendency  to 
undergo  reduction. 

Dimethylglyoxaline  platinichloi'ide,  when  crystallised  from  hot  water, 
separated  in  orange-coloured,  cubical  crystals,  which  melted  at  238 — 239° 
with  decomposition.  The  melting  point  was  not  affected  by  further  re- 
crystallisation.  When  mixed  with  an  equal  weight  of  l:4(orl:5)- 
dimethylglyozaline  platinichloride  (see  following  paper)  the  mixture 
meltedat  238— 239*»: 

00678  gave  00222  Pt.  Pt  -  327. 
0104  „  00336  Pt.  Pt-32-3. 
01174     „     0-0380 Pt,   0087   CO,,   and  0039   H,0.       Pt-32-4; 

C-20-2;  H-3-7. 
0*112  gave  88  c.c.  nitro^n  at  17°  and  745  mm.     N  =  8-9. 
(C^HjNJyHjPtCl^,  requires  Pt  -  32*4 ;  C  -  200  ;  H  -  30 ;  N  -  93  per 

cent. 

Dimethylglyoxaline  a%»richloride  was  prepared  from  the  hydrochloride 
obtained  by  decomposing  the  platinichloride  with  hydrogen  sulphide. 
On  adding  auric  chloride  to  the  aqueous  solution  of  the  hydrochloride, 

VOL.    LXXXIIl.  H   H 
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yellow  acicular  crystals  •  separated,  which,  when  collected  and  dried, 
tirat  on  a  porous  tile,  and  then  in  a  desiccator  over  sulphuric  acid, 
melted  at  214—215°: 

0-1096  gave  00492  Au,  0-0566  COg,  and  0-0252  Ufi.  Au-44-9; 
C  =  14-l;  H  =  2-5. 

C5H8Nj,HAuCi^  requires  Au«  45-1,  C  =  13-8;  H  =  2-l  percent* 

The  pure  hydrochloride  in  2  per  cent,  aqueous  solution  was  optic* 
ally  inactive. 

Dimethylglyoxalitie  pici'atey  prepared  from  the  pure  hydrochloride 
by  precipitation  with  picric  acid>  formed  yellow  acicular  crystals 
which  melted  at  167°.  The  melting  point  was  not  affected  by  further 
recrystallisation  from  water  or  alcohol.  When  mixed  with  an  equal 
Weight  of  1  : 4(or  1  : 5)-dimethylglyoxaline  picrate  (m.  p.  167°),  the 
mixture  melted  at  140 — 145°.  This  experiment  was  repeated  several 
times  with  different  specimens  witk  confirmatory  results. 

Oxidation  of  tlie  fraction  boiling  at  100 — 120°  with  potassium  perman- 
ganate.— In  order  to  obtain  further  proof  of  the  presence  of  dimethyl- 
glyoxaline  in  this  fraction,  the  whole  liquid  containing  the  portions 
both  soluble  and  insoluble  in  water  was  oxidised  with  permanganate 
and  the  products  of  oxidation  isolated  and  examined. 

Three  grams  of  oil  required  15  grams  of  permanganate  in  1  per  cent, 
aqueous  solution  to  produce  a  permanent  colour,  and  the  resulting 
liquid  after  removing  the  manganese  peroxide  by  filtration  was 
worked  up  in  the  usual  manner. 

The  bases  obtained  were  identified  as  ammonia  and  methylamine. 
The  platinum  salt  of  the  latter  base  was  analysed. 

0-1758  gave  0-0732  Pt.  B'oundPt  =  41-6.  Calculated  Pt- 41 -3  percent. 

The  acids  obtained  were  acetic  and  butyric  acids  (the  latter  derived 
from  the  portion  of  the  oil  insoluble  in  water). 

The  silver  salts  were  fractionally  precipitated  and  analysed. 

Ist  fraction.     0-061  gave  0034  Ag.     Ag«i56-7. 

C^HyOjAg  requires  Ag«55*4  per  cent. 

The  last  fraction.     0*0582  gave  0*0374  Ag.     Ag-64*3. 
CjHjOjAg  requires  Ag=»64*7  per  cent. 

The  analyses  of  the  platinichloride  and  aurichloride  prove  the 
existence  in  the  first  fraction  of  a  substance  of  the  formula  C^HgN,, 
whilst  its  general  properties  and  its  oxidation  to  ammonia,  methyl- 
amine,  and  acetic  acid,  prove  that  it  is  a  dimethylglyoxaline  with  one 
methyl  group  attached  to  nitrogen. 

It  therefore  remains  to  be  decided  to  which  of  the  three  carbon  atoms 
the  other  methyl  group  is  attached.  Of  the  three  isomerides  possible, 
two  are  known  and  have  been  characterised  (compare  p.  464). 
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iiio  constitution  oi  i  :  ^annciiiyigiyoxaiino  ik  uent)iu*iy  OHtabiisbed, 
but  thai  of  Um  other  synthetioal  dimethylglyoxaline  is  still  UDoertaio ; 
'he  dimethylglyoxaline  deriTed  from  wopilocarpine  is,  however,  not 
identical  with  it. 

The  followiDg  table  shows  the  close  similarity  existing  between  the 
derifativee  of  these  isomerides  : 


Baae 

b.p. 

1:2. 
205— 206^ 

1 : 4  (or  1 :  6). 
203° 

From 
wopilocarpine. 

210— 215* 

Aurichloride 

m.  p. 

2lb^ 

216° 

214— 216« 

Platinichloride 

m.  p. 

230«» 

238—239° 

238—239° 

Picrate 

m.  p. 

179° 

167° 

167° 

The  only  difference  between  the  1  : 4(or  1  : 5)-isomeride  and  that 
from  ttepilocarpioe  is  that  the  mixture  of  equal  weights  of  their 
piorates,  each  melting  at  167°  melts  at  140—145°. 

The  glyoxalines  are,  therefore,  isomeric  and  not  identical.  The  con- 
stituent of  the  fraction,  b.  p.  100—120°  under  10  mm.  pressure,  and 
soluble  in  water,  is  therefore  1  : 4(or  1 : 5)-ditfut/it/lglyaxaline, 

IdmUyUaUm  ^  1 : 4(or  1  :  b)-Metht/lamt/lglt/oxal%m, 

The  attempted  preparation  of  a  crystalline  hydrochloride  from  the 
fraction  b.  p.  150 — 160°  under  10  mm.  pressure  being  unsuccessful,  the 
platinichloride  was  prepared  as  follows.  The  base  was  dissolved  in 
alcohol,  made  faintly  acid  with  aqueous  hydrochloric  acid,  and  platinic 
chloride  in  aqueous  solution  added.  A  yellow,  crystalline  precipitate 
separated,  which  was  allowed  to  remain  in  contact  with  the  solution 
until  the  latter  began  to  darken,  the  crystals  were  then  rapidly 
coUeeted,  washed,  and  dried. 

Metkylmmjflgfyoaoalwe  platiniehloruU  forms  light  brownish-coloured, 
'  :!ar  crystals  which  melt  at  198°.  The  melting  point  was  not 
ed  by  further  crystallisation.     On  analysis  : 

n  172    gave  00466  Pt.     Pt-271. 

00298  Pt,   01254    00^  and  0O468  H,0.     Pt-27-3 
U=.31-3;  H-4-8. 
0  124  gave  0034  Pt,  01418    00^  and    0O54   H,0.     Pt-27-4; 
C  =  31-2;  H-4-8. 
(CjHiaN,)j.HjPtCl,  requi|w  Pt-27-3  ;  0-303  ;  H-4-7  per  cent. 

The  hydrochloride,  obtained  from  the  pure  platinichloride  by  treat- 
t  with  hydrogen  sulphide,  yielded  a  crystalline  picrate  melting  at 
34°,  but  an  amorphous  auriddoride.     In  5  per  cent,  aqueous  solution 
the  hydrochloride  was  optically  inactive. 
The  methylamylgijfomdme,  obtained  from  the  pure  hydrochloride  by 

U  U  2 


Tl 
lem 
34° 
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adding  excess  of  potagsiam  carbonate  and  extracting  with   ether,  was 
a  colourless,  viscid  oil  with  a  feebly  basic  odour,  insoluble  in  water : 

01026  gave  02672  CO2  and  0-0954  H.fl.     C=.710;  H  =  10-3. 
01092     „     0-2844  CO2    „    00982  H2O.     C  =  710;  H  =  100. 
OgHj^Ng  requires  C  =  71-l  ;  H  =  10-5  per  cent. 


Oxidation  of  the  Fraction,  b.  p.  145 — 160°  undei'  10  mm.,  with 
Permanganate. 

This  fraction,  containing,  besides  methylamylglyoxaline,  the  sub- 
stance boiling  between  it  and  dimethylglyoxaline  and  yielding  butyric 
acid  on  oxidation,  was  oxidised  with  excess  of  permanganate,  and  the 
bases  and  acids  isolated  by  the  usual  method. 

The  bases  formed  were  identified  as  ammonia  and  methylamine  ;  the 
platinichloride  of  the  latter  on  analysis  gave  :  Pts41*2  (calculated 
Pt  =  41-3  percent). 

The  acids  formed  were  identified  as  n-hexoic  and  n-butyric  acids. 

The  crude  acids  were  purified  by  distillation,  when  three  fractions 
were  obtained  :  (1)  a  small  fraction  below  125°,  chiefly  ether,  dec. ;  (2) 
125—160°;  (3)  160—190°.  Only  a  slight  residue  was  left  in  the 
distilling  flask. 

Fraction  (2)  smelt  very  strongly  of  butyric  acid,  whilst  fraction  (3) 
had  a  pleasanter  smell  and  was  more  viscid. 

Fraction  (2),  b.  p.  125—160°. 

The  acid  was  converted  into  the  barium  salt  and  precipitated  in  two 
fractions  with  silver  nitrate.  The  silver  salts  were  analysed,  with  the 
following  result : 

1.  01 176  gave  0-0656  Ag.     Ag  =  55-7. 

2.  0-24         „     01334  Ag.     Ag  =  55-6. 

C4H702Ag  requires  Ag-55-4  per  cent. 

The  anilide,  prepared  in  the  usual  way  and  recrystallised  from 
ligroin,  melted  at  82°.  i«oButyranilide  melts  at  102*5°,  and  butyr- 
anilide  at  90°.  The  low  melting  point  is  due  to  the  presence  of  the 
higher  anilide  which  is  sparingly  soluble  in  ligroin,  and  is  not  easily 
separated.     The  corresponding  acid  was  undoubtedly  7i-butyric  acid. 

Fraction  (3),  b.  p.  160—190°. 

The  acid  was  converted  into  the  silver  salts  by  fractional  precipitation 
in  the  usual  manner,  and  on  analysis  : 
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1    0  1  u  gar*  00546  Ag.     Ak-47-9. 
J.  0*0364  „    0*0178  Ag.     Ag-48-8. 

CgH,|0,Ag  requires  Ag-48'4  per  cent. 

The  anilide»  prepared  in  the  ueual  way  and  purified  by  recrystallira- 
tion  from  ligroin  until  of  constant  melting  point,  melted  at  94 — 95®  ; 
M-hexoanilide  melts  at  95^     The  acid  was  therefore  n-hexoic  acid. 

The  analyses  of  the  pure  base  and  platinichloride,  and  the  products 
of  oxidation,  prove  that  one  constituent  of  this  fraction  is  methyl- 
amylglyoxaline,  and  from  the  fact  that  it  is  formed  with  1  :  4(or  1 : 5)- 
dimethylglyoxaline,  it  may  be  inferred  that  the  substituent  groups 
occupy  the  wime  position  in  each  case.  With  regard  to  the  more 
▼olatiie  constituent  of  the  fraction  yielding  butyric  acid  on  oxidation, 
the  analyMsof  the  fraction  boiling  at  145 — 160°  under  10mm.  pressure 
would  indicate  that  it  has  the  formula  G^Uj^N^.  In  this  case  it  might 
be  regarded  as  met/ti/lamyleneglyoxaliru, 

c,h,-ch,-ch:ch-cn(ch,). 

which,  with  permanganate,  would  oxidise  at  the  double  bond  as  well  as 
the  glyoxaline  ring,  giving  n-butyric  acid.  The  unsaturated  nature  of 
the  compound  would  also  account  for  its  readiness  to  oxidise.  This 
fraction  (b.  p.  145 — 160°  under  10  mm.  pressure)  contains,  there- 
fore* 1  :  4(or  1  : 5)  niethylami/lglf/oxaline,  and  probably  1  :  4(or  1  :5)- 
mslkylamyUnetflyoxalins, 

isoPilocarpine,  when  distilled  with  soda-lime,  yields  ammonia, 
methvlamine,  1-methyIglyoxaline,  1  :  4(or  1  : 5)-dimethylglyoxalioe, 
1  :  4(or  1  :  5)-methylamy]glyoxa]ine,  and  probably  1  :  4(or  1  : 5)-methyl- 
amyleneglyoxaline. 

Oxidation' of  isoPilocarpinolaeions. 

In  order  to  determine  the  constitution  of  dibromoi«opilocarpinic  acid 
and  of  ttopilocarpinolactone,  the  latter  was  oxidised  with  permanganate, 
and  the  resulting  product  treated  in  the  same  manner  as  in  the  case  of 
isopilocarpine,  in  order  to  isolate  the  bases  and  acids  formed. 

Five  grams  of  ttopilocarpinolactone  (m.  p.  83°)  dissolved  in  water 
were  oxidised  with  a  slight  excess  (9  grams)  of  permanganate  in  1  per 
cent,  aqueous  solution.  At  1 2°,  the  colour  of  the  permanganate  was 
immediately  discharged  until  the  above  quantity  had  been  added,  when 
the  slight  excess  remained  unchanged.  In  this  respect  the  lactone 
differs  from  itopilocarpine,  where  the  colour  is  not  discliarged  so  readily. 
The  amount  of  oxidising  agent  used  agreed  well  with  the  folloteing 
equation.     Calculated  8*3  grams  ;  required  9  grams. 

CiiHj.O.N,  +  40  +  2H,0  —  CjU^fi,  +  NH,-CH,  +  NH,  +  300^ 
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The  bases  obtained  were  identified  as  ammonia  and  metbylamine. 
The  platinichloride  of  the  latter  was  analysed. 

0109  gave  0045  Pt.  Found  Pt  =  41-3.  Calculated  Pt«  41  3  percent. 

The  acid  was  isolated  as  the  ethyl  ester,  which  distilled  completely 
at  160 — 170°  under  20  mm.  pressure;  titration  of  this  derivative 
showed  that  the  acid  was  monobasic  and  lactonic. 

After  hydrolysis,  0*3886  ester  required  for  neutralisation  2*2  c.c. 
iT-alkali  solution  cold  and  4*0  c.c.  hot.  Calculated  for  an  acid  C^HjqO^ 
the  requisite  quantities  are  2'1  c.c.  and  4*2  c.c.  respectively. 

On  hydrolysis,  the  acid  was  obtained  as  a  colourless  oil  which  quickly 
became  solid.  The  crystals,  after  crystallisation  from  hot  benzene, 
melted  at  104°,  and  on  analysis: 

01052  gave  02044  COg  and  O'OeieHgO.     C  =  530  ;  H  =  6-5. 
C^HjqO^  requires  C  =  53'2  ;  H  =  6*3  per  cent. 

The  aqueous  solution  of  the  acid  was  dextrorotatory,  and  with 
barium  carbonate  yielded  a  barium  salt  which  was  analysed  with  the 
following  result. 

0-128  gave  0066  BaSO^.     Ba  =  30-3. 

(C7Hj,04)2Ba  requires  Ba=e30'4  per  cent. 

The  acid  was  therefore  pilopic  acid. 

The  oxidation  products  of  i«opilocarpinolactone  with  permanganate 
solution  are  therefore  ammonia,  methylamine,  and  pilopic  acid. 

Oxidation  of  Pilocarpine  with  Potassium  Permanganate, 

Twenty  grams  of  pure  pilocarpine  were  oxidised  with  63  grams  of 
permanganate  at  the  ordinary  temperature,  and  the  products  of 
oxidation  isolated  as  described  under  the  oxidation  of  i^opilocarpine. 

The  ethyl  ester  obtained  was  distilled  under  10  mm.  pressure,  and 
the  following  fractions  separated  : 

1.  165—175°  2.  175—180°  3.  Above  180° 

The  first  fraction  was  analysed  with  the  following  result : 

01 28  gave  0277  COj  and  009 18  H,0.     O-690;  H-8-0. 
^10^1  A  requires  C  =  60  0  j  H - 80  per  cent 

These  figures  are  almost  identical  with  those  previously  obtained  by 
Pinner  and  Kohlhammor  (/?«•.,  1900,  33,  1424). 

When  the  ester  was  treated  with  excess  of  strong  aqaeous  ammonia, 
the  crystalline  diamido  of  homopilopic  acid  (m.p.  208°)  was  obtained. 

The  second  fraction  was  hydrolysed  and  the  acid  obtained  titrated ;  in 
the  cold,  042  required  24*4  c.c.  normal  alkali  solution  for  neutralisation, 
upd;  whep  boiled  with  excess  of  alkali  and  titrated  back  with  acid. 
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47-6  c.c. :  oalcuUted  for  an  aoul,  CgH^O^,  the  requisite  quiintitiet  are 
-4*4  CO.  and  48*8  ce.  respeotiTelj. 

The  tpedfio  rotation  in  aqueoos  solution  was  determined  with  the 
following  result  : 

«o-  +3P;  /-I  dcm. ;  c-4'78;[o]d-  +43*9°;  homopilopic  acid 
ha«(«i)o  +45-4° 

The  Barium  salt  was  prepared  in  the  usual  way  by  neutralisation 
with  barium  carbonate : 

0*393  gave  0*1914  BaSO^.     Ba«28  6. 

(C,Hj,04),Ba  requires  Ba  »  28*6  per  cent. 

When  treated  with  ammonia,  the  third  fraction  yielded  the  diamide 
m.  |i.  S08^,  which  furnished  the  following  data  : 

0*0976  gave01834  CO,  and  0-0764  H,0.     C-51-3;  H-8-7. 
CgHi^OjN,  requires  C-511 ;  H-8*5  per  cent. 

A  determination  of  its  specific  rotation  gave  the  following  result ; 

an-   +0-2*';  /-I  dcm.:  0-0934;  [ojo-   +21*4°. 

Pinner  and  Schwan  found  for  the  amide  (m.  p.  206°)  [ajo  »  +  20*8^ 
The  above  results  prove  conclusively  that  the  oxidation  product  of 
pilocarpine  with  permanganate  at  the  ordinary  temperature  consists 
almost  entirely  of  homopilopic  acid. 

Miseellaneaut  Experiments  wmiu  \^u i  ihoa/rpine. 

The  extraordinary  stability  of  isopilocarpine  towards  reducing 
agents  has  already  been  noticed,  even  sodium  in  boiling  amyl-alcoholic 
solution  failing  to  attack  it.  An  attempt  was  therefore  made  to  reduce 
it  electrolytically  by  Tafel's  method  (Ber.,  1900,  33,  2209),  but  this 
was  also  unsuccessful. 

Attempts  were  also  made  to  form  diacidic  salts  of  wopilocarpine, 
firsts  by  heating  with  excess  of  methyl  iodide  in  a  sealed  tube  for  2  hours 
at  100°,  and,  secondly,  by  heating  with  concentrated  hydrochloric  acid 
at  180°,  but  in  both  cases  only  the  normal  mono-acidic  products  were 
obtained. 

In  view  of  the  suggestion  by  Pinner  and  Schwarz  that  the  compounds 
previously  described  as  methylitopilocarpine  derivatives  were  not  such, 
but  ifopilocarpine  methyl  compounds,  picric  acid  was  added  directly 
to  an  aqueous  solution  of  isopilocarpine  methiodide  when  a  crystal- 
line picrate  was  obtained  (m.  p.  136°),  identical  with  that  previously 
described  as  methyl wopilocarpine  picrate.  As  no  change  other  than 
simple  replacement  of  the  iodine  by  the  picric  acid  radical  can  be 
assumed,  it  follows  that  the  substance  described  as  methyluopilocarpine 
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picrate  is  really  wopilocarpine  methyl  picrate  and  that  i<opilocarpine 
contains  the  :N  and  not  the  INH  residue. 

A    previous   attempt    to    titrate    tso pilocarpine    not    having    given 
perfectly  satisfactory  results,  the  experiment  was  repeated : 
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Pilocarjtine  nitraU. 


0*1316  when  boiled  with  excess  of  caustic  alkali  and  titrated  back 
with  acid  required,  6*8  c.c.  decinormal  soda  for  neutralisation,  with 
phenolphthalein  as  indicator,  the   calculated   amount   being   6^ 
MoPilocarpine  behaved  therefore  as  a  normal  lactone. 
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yUraU  and  i§o rUoetgrpin$ 


The  abMrption  spectra  of  pilocurpine  and  itfopilocarpioe  hare 
kindlj  detarmioed  for  me  by  Prof.  J.  J.  Debbie,  to  whom  I  wish  to 
express  mj  hearty  thanks.  The  results  of  his  observations  were  as 
follows.' 

Pilocarpine  nitrate  is  highly  diActinic.  It  was  necessary  therefore 
to  work  with  solutions  much  more  highly  concentrated  than  those 
usually  employed  in  examining  absorption  spectra.  Three  independent 
series  of  observations  were  made  with  solutions  of  different  strengths, 
and,  so  fsr  as  they  were  comparable,  gave  identicul  results.  The 
measurements  and  curve  give  the  results  obtained  with  a  solution 
containing  1  mg.  mol.  dissolved  in  6  c.c.  of  water.  There  is  one 
well-marked  absorption  band.  The  results  obtained  with  uopilocarpine 
nitrate  were  identical  with  those  obtained  with  pilocarpine  nitrate ; 
three  independent  series  of  observations  being  also  made  in  the  case 
of  the  former  substance.  The  spectra  of  the  two  nitrates  were 
identical  (see  p.  452). 


Mkasurcments. 
Piloettrpine  Xitrate. 
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2752  to  2577 

8185 
8185  to  2841 
2841  to  2577 

2577 


2405 


S475 
2419 
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Pilocarpine  NitraU  (continued). 


Thickness 

of  layer  of 

liquid  in 

millimetres.  I 


Description  of  spectram. 


•/A. 


A. 


5,  4  and  3 
2 
1 


1  milligram-mol.  in  30  c.c.  of  water. 


Spectnim  transmitted  to 


4133 
4183 
4250 


2419 
2391 
2353 


5,  4  ond  3 
2 
1 


1  miIli<?ram-mol.  in  150  c.c.  of  water. 


Spectrum  transmitted  to 


4250 
4340 
4370 


2353 
2304 
2288 


The  measurements  for  isopilocarpine  nitrate  are  identical  with  those 
for  pilocarpine  nitrate. 


Discussion  of  Results. 

The  Constitution  of  \so Pilocarpine. 

Since  tiopilocarpine  on  oxidation  with  potassium  permanganate  yields 
the  potassium  salt  of  a  hydroxy-acid,  CgHj^Or,  of  which  homopilopio 
acid,  CgHjjO^,  is  the  lactonic  acid,  and  as  the  constitutional  formula 
of  the  hydroxy-acid  has  been  determined  with  a  high  degree  of 
probability  to  be  C2H5-CH(C02H)-CH(COjH)-CH2-COjH,  it  is 
permissible  to  assume  that  i^opilocarpine  contains  one  of  the 
following  complexes : 


CjHj-CH-CHj-CHa 


CH-CHj-CHa-CO 


or 


CjHj-CH-CH-CHj-C- 


CO  CH, 

\/ 
O 


Since  a  formula  containing  either  of  these  complexes  would  yield 
homopilopio  acid  >on  oxidation,  it  follows  that  either  formula 
would  be  equally  valid.  There  is  also  a  third  possibility  to  consider 
in  connection  with  a  formula  for  i^opilocarpioe,  that  is  the  existence  of 
a  betaine  grouping  in  the  molecule.  If  this  were  the  cafe  the  follow- 
ing type  of  foimula  would  account  for  the  {rcducts  of  oxidation  : 
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CH  .CH.CH-CH  —CO  C.H.^H^HCH.C. 

On  oxidatiou  the  nitrogen  atom  is  split  oflf  as  mcthylaunne  and  ia 
rapUoed  bj  bjdrozjl,  yielding  homopilopic  acid.  In  addition  to  the 
•xiateneg  of  one  of  the  above  complexes  in  the  molecule  the  occurrence 
of  the  nitrogen  atoms  as  K!  and  IN*CH,  has  been  proved,  and  sub- 
traeiing  theee  groups  from  the  empirical  formula  of  t#opilocarpine, 
Cj,H,fOjN|,  the  condition  of  two  carbon  and  two  hydrogen  atoms 
remains  to  be  explained.  Assuming  first  that  the  two  nitrogen  atoms 
are  preeent  in  the  same  complex,  I  have  been  able  to  construct  only 
two  poMible  formoljB  for  the  group  to  be  attached  to  the  homopilopic 
residue,  one  hAing  a  glyoxaline  and  the  other  a  pyrazole  residue. 

l-Methylglyoxaline.  1-MothjIpyrasoIe. 

The  homopilopic  residue  might  be  attached  to  any  of  the  three 
carbon  atoms  in  the  ring  by  replacement  of  hydrogen,  and  the 
alkaloid  would  thus  be  a  substituted  glyoxaline  or  pyrazola  If,  how- 
ever, 000  of  the  nitrogen  atoms,  for  example,  that  in  the  methylamine 
residue,  is  quinquevalent,  the  homopilopic  complex  must  be  attached- 
to  a  ring  containing  one  nitrogen  atom,  and,  on  these  grounds,  the 
followiog  formula  for  the  alkaloid  might  be  suggested : 


(CH,)C — ] 


i  oee  three  possibilities  there  are  also  many  others  depending 

OD  the  point  of  attachment  of  .the  two  groups.  The  reactions  of 
Mopilocarpine  which  have  been  most  thoroughly  studied  are  (1) 
oxidation  with  permanganate,  yielding  ammonia,  methylamine,  homo- 
pilopic and  lower  acids,  (2)  bromination  under  varying  condition 
with  the  formation  of  dibromoisopilocarpine  or  dibromoi«opilocarpinic 
acid,  (3)  behaviour  towards  alkyl  iodides  and  the  treatment  of  the 
quaternary  ammonium  compounds  with  caustic  alkali,  yielding  methyl- 
amine and  the  respective  alkylamine.  These  reactions  would  not 
enable  us  to  decide  between  the  three  types  of  formula  previously 
mentioned.  In  order  to  trace  the  analogy  which  might  exist  between 
t>opilocarpine  and  glyoxaline  or  pyrazole  derivatives,  the  following 
dimetbyl-compouDds  of  the  latter  have  been  prepared  and  their 
reactions  studied  (see  pp.  465,  467) : 


Oxidation  wilh 
permanganate 
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CH N^  H-C-C(CH  ^ 

1  : 5(or  1 : 4)-Dimethylglyoxaline.  1  : 3- Dimethyl  pyrazole. 

The  results  of  the  examination  showed  a  remarkable  analogy  between 
the  behaviour  of  i^opilocarpine  and  that  of  diraethylglyoxaline,  and  a 
striking  dissimilarity  between  that  of  i^opilocarpine  and  dimethyl- 
pyrazole. 

The  results  are  shown  in  the  following  table  : 

Jteaction.  Pyrazole.  Glyoxalinc.  iao  Pilocarjrine. 

Ammonia,  methyl- 

amine  and  homo- 

pilopic  acid 

Bromination  Dibromo-compound  Dibromo-compounJ  Dibromo-compound 
I  Bromination  at  j  Dibromo-compound  (  Acid  containing  \(  Dibromowop.lo- 
\  100  /  ^  \        N  and  Br        j\       carpinic  acid 

Methiodido  with    ]  r\r..ti,„io,«;««  «..  i-k  f  Mcthylamine  and 

caustic  potash      I  Very  slight  reaction  (Methylamine  andj  I        homopilopic 
at  180°  J  '^       ^^^^^^  '^^^^      -'  [  acid 

These  results  amplify  and  confirm  the  analogy  existing  between 
pilocarpine  and  glyoxaline  derivatives,  first  pointed  out  by  Pinner 
and  Schwarz  {loc.  cit.),  and  exclude  any  formula  for  pilocarpine  or 
tsopilccarpine  containing  a  pyrazole  ring.  The  glyoxaline  formula  for 
2«opilocarpine  suggested  by  the  above-mentioned  analogy  receives 
conclusive  proof  from  the  formation  of  various  glyoxaline  derivatives 
by  distillation  of  the  alkaloid  with  soda-lime.  The  crude  product  thus 
formed  has  been  proved  to  contain  1-methylglyoxaline,  1  : 4(or  1  :5)- 
dimethylglyoxaline,  1  :  4(or  1  :  5)-methylamylglyoxaline  and  probably 
1  : 4(or  1  : 5)-methylamyleneglyoxaline  together  with  ammonia  and 
methylamine.  Their  formation  is  most  readily  explained  by  supposing 
that  the  (CHgOH)  group  is  oxidised  to  carboxyl  with  subsequent 
elimination  of  carbon  dioxide  yielding  methylamylglyoxaline. 

Assuming  the  following  formula  for  Mopilocarpine,  the  change 
might  be  thus  represented. 


C,Hj-CH-CH-CH,-C-N(CH,)v,j,jj 
CO  CH,        CH N 


o 

'Pilocarpine. 


C,H,.CH— Cll-CH,.C.N(CH,K^jj 
CO,H  COjH      CH N 

C,H,.CH,.CH,.CH,.C-N(CH,)^jj 
CH N  ' 


(oxidation) 
>- 


(elimination  of  CO^) 
> 


Metliylamylglyoxaline. 
The  unsaturated  methylamyleneglyoxaline  is  probably  produced  by 
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ite  elimiDaiioD  of  wmUr  prior  to  the  oxidation  of  the  (GH|OH) 
group,  and  a  change  in  the  position  of  the  double  bond  thtu  produced 
vriih  subAoqucnt  oxidation  and  elimination  of  carbon  dioxide,  giving 

;se  to  the  following  glyoxaline. 

c,H4CH,ch:ch-^-N(CH,)vj^jj 

This  compound  oxidises  at  both  the  points  marked  with  an  asterisk, 
yielding  butyric  and  carbonic  acids,  ammonia,  and  methylamine. 
The  other  glyoxalines,  as  well  as  ammonia  and  methylamine,  are 
prodnoed  by  further  disruption  of  the  molecule  and  the  final  fission 
of  the  glyoxaline  ring  itself.  It  has  previously  been  shown  that 
glyoxAline  derivatives  are  very  stable  under  similar  conditions,  for 
example,  2-methylglyoxaline  was  prepared  by  passing  1-methylgly- 
oxaline  through  a  red-hot  tube  (Wallach,  Ber,  1883.  16,  542).  These 
icts,  taken  in  conjunction  with  the  analogies  shown  to  exist  between 
.■^apUocarpine  and  glyoxaline  derivatives,  seem  to  afford  conclusive 
evidence  that  itopilocarpine  is  a  glyoxaline  derivative,  and  accordingly 
the  betaine  formula  suggested  for  isopilocarpine  must  be  abandoned. 
The  glyoxaline  formula  having  been  adopted,  two  problems  remain 
for  solution  :  (1)  the  determination  of  the  point  of  attachment  of  the 
glyoxaline  and  homopilopic  complexes,  (2)  choice  of  the  appropriate 
formula  for  the  homopilopic  residue. 

The  identification  of  the  dimethylglyoxaline  formed  with  the  1  : 4- 
(or  1  : 5)-i8omeride  proves  that  one  of  the  following  complexes  must 
exist  in  uopilocarpine. 

Inaamach  as  it  is  impossible  at  the  present  time  to  decide  between 
formoke,  during  the  remainder  of  the  discussion  it  will  be 
that  uopilocarpine  is  a  1 :  5glyoxaline  derivative.  The 
argmnente  used  are  equally  valid  for  a  1  :  4-formuU,  if  this  should 
prove  to  be  correct. 

Aasoming  that  uopilocarpine  is  a  1  : 5-glyoxalioe  derivative  the 
following  formulas  are  possible  for  uopilocarpine  : 

%/  Y 

CH 

I.  II. 

The  deUrmination  of  the  coostitatioo  of  the  methyUmylglyoxaline 
formed  renders  it  possible  to  decide  between  these  two  formalas. 
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The  formation  of  the  methylamylglyoxaline  can  beat  be  explained, 
as  already  indicated,  by  the  oxidation  of  the  (CH^OU)  group  to  carb- 
oxyl  and  subsequent  elimination  of  carbon  dioxide. 

The  methylamylglyoxaline  thus  derived  from  formula  I  or  II 
will  have  the  following  constitution : 

CHZ^  C,H,.OH2-CH,-CH,.C.N(CH3K^H 

N      N-CH,  °^  CH 1^^ 

%/ 
CH 

I.  II. 

These  compounds  would  yield  on  oxidation  either  (I)  diethylacetic 
acid  or  (II)  ?i-hexoic  acid,  besides  ammonia  and  methylamine.  The 
identification  of  the  acidic  product  as  n-hexoic  acid  justifies  the 
adoption  of  formula  II.  From  the  experimental  results  recorded  in 
this  and  previous  papers  and  the  deductions  made  therefrom,  it  is 
possible  to  propose  the  following  constitutional  formula  for  wopilo- 
carpine  with  a  considerable  degree  of  certainty,  although  complete 
proof  can  be  furnished  by  synthesis  alone.  The  formula  given  is 
subject  to  the  reservation  previously  mentioned. 

C,H,.(^H.CH.CH,.C.N(CH3K^g 

CO  OHj         CH N 

\/ 
O 

woPilocarpine. 


T/ie  Constitution  of  Pilocarpine. 

In  former  papers  it  was  explained  that,  after  having  aiTived  at  the 
constitution  of  Mopilocarpine,  the  more  stable  of  the  two  alkaloids,  it 
might  be  possible  from  a  consideration  of  its  formula  and  a  comparison 
of  the  two  alkaloids  to  pass  to  the  formula  of  pilocarpine.  This  pro- 
cedure seemed  also  necessary,  since  in  certain  reactions,  for  example, 
fubion  with  caustic  potash  or  distillation  with  soda-lime,  the  products 
obtained  would  be  those  produced  from  t«opilocarpine  and  not  from 
pilocarpine.  Since  taopilocarpine  is  formed  from  pilocarpine  by  simple 
means,  such  as  heating  alone  or  with  water,  the  relationship  must  be 
a  close  one.  Furthermore,  since  pilocarpine,  by  oxidation  with  perman- 
ganate, at  ordinary  temperatures,  yieldo  homopilopio  acid,  identical 
in  all  respects  with  that  obtained  from  t^opilocarpine,  both  alkaloids 
must  contain  this  complex.  The  formation  of  homopilopic  acid  from 
pilocarpine  might  be  thought  to  exclude  the  possibility  of  stereo- 
i«K>merism,  for  the  only  asymmetric  carbon  atoms  present  ai^e  those  in 
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th«  homopilopic  complox  and  the  glyoxtUoes  obUiaeJ  ware  opUcAlly 

There  are  aUo  two  rvAcuons  in  which  the  alkaloids  apparently  differ, 
which,  as  Pinner  and  Sohwars  have  pointed  out,  would  favour  the 
view  of  siniolaral  iaomerUm.  These  reactions  are  (1)  the  action  of 
bromine  under  pressurei  when,  with  pilocarpine,  bromocarpinic  acid, 
C)^U|^O^NjBr,  is  produced,  whilst  with  isopilocarpine,  dibromoisopilo- 
oarpinie  acid,  CuHjiO^N^Brj,  is  formed  ;  (2)  the  action  of  chromic  acid 
on  pilocarpine  leading  to  the  formation  of  pilocarpoic  acid,  CuUifO^Nit 
whilst  in  the  case  of  tsopilocarpine,  no  definite  product  could  be  isolated, 
and  the  action  seemed  to  result  in  the  general  disruption  of  the 
moleoole. 

If  the  alkaloids  are  structural  isomerides,  the  difference  must  lie  in 
the  point  of  attachment  of  the  homopilopic  complex  to  the  glyoxaline 
ring,  since  both  alkaloids  must  contain  the  homopilopic  residue,  and 
from  the  very  close  relationship  of  the  alkaloids  and  their  method  of 
conversion  it  is  almost  certain  that  both  contain  a  glyoxaline  ring. 

The  relationship  would  be  shown  thus,  where  R' a.  homopilopic 
complex  : 

R'-C-N(CHJ^  jJU-N(CHJ 

ijH N^^  R'-b N>°^ 

uoPilocarpine  sod  Pilocarpine. 

These  formula  are,  however,  so  nearly  alike  that  they  fail  to  explain 
I  he  differences  in  the  reactions  previously  mentioned.  The  mechanism 
of  such  an  isomeric  change  is  not  easy  to  conceive,  for,  as  it  takes 
place  by  heat  alone,  it  is  most  likely  to  occur  by  a  migration  either  of 
the  homopilopic  residue  to  the  contiguous  carbon  atom,  or  of  the  methyl 
group  from  one  nitrogen  atom  to  the  other  with  rearrangement  of  the 
double  linkings.  A  migration  of  the  methyl  group  from  the  nitrogen 
to  the  contiguous  carbon  atom  takes  place  in  the  formation  of  2-methyl- 
glyoxaline  by  passing  1-methylglyoxaline  through  a  red-hot  tube, 

8h ^N-^"  8h— N^  ^'^- 

but  this  cannot  take  place  in  the  conversion  of  pilocarpine  into  tjo- 
pilooarpine,  since  both  alkaloids  contain  the  IN*CU,  group.  The 
Umowj  of  stmctoral  isomerism  therefore  appears  improbable. 

If  the  alkaloids  are  stereoisomerides,  this  must  be  due  to  the  asym- 
metric carbon  atoms  whiclM)ccur  only  in  the  homopilopic  residue.  The 
formation  of  homopilopic  acid  from  pilocarpine  by  oxidation  can  be 
readily  explained  when  it  is  considered  that  the  homopilopic  add  is 
produced  in  the  presence  of  free  alkali  and  purified  by  the  distillation 
of  its  ester,  both  of  which  factors  would  conduce  to  the  formation  of 
the  stable  modification. 
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With  regard  to  the  other  two  apparent  differences,  a  satisfactory 
explanation  can  be  offered  of  at  least  one  of  the  reactions. 

When  bromine  acts  on  pilocarpine  or  isopilocarpine  under  pressure, 
the  crystalline  compound  isolated  in  each  case  is  different,  but  it  by  no 
means  follows  that  the  reaction  does  not  proceed  similarly  in  both 
cases.  It  may  be  that  more  than  one  substance  is  formed,  and  that 
they  differ  in  their  ability  to  crystallise,  just  as  pilocarpine  methiodide 
is  amorphous  whilst  isopilocarpine  methiodide  is  crystalline.  Further, 
I  have  previously  shown  (Trans.,  1901,  79,  598)  that  there  is  experi- 
mental evidence  that  the  reactions  are  similar,  and  that  dibromopilo- 
carpinic  acid  might  be  present  in  the  mother  liquors  from  which  bromo- 
carpinic  acid  has  crystallised,  just  as  bromozgocarpinic  acid  might  be 
present  in  the  filtrates  from  which  dibromot^opilocarpinic  acid  has  been 
obtained.  The  yield  of  crystalline  acid  obtained  is  in  harmony  with 
this  suggestion.  The  reaction  of  the  alkaloids  with  chromic  acid  has 
not  been  sufficiently  studied  to  permit  of  any  deductions  being  made 
in  support  of  either  theory. 

A  consideration  of  the  specific  rotation  of  pilocarpine  and  its 
derivatives  affords  support  both  for  the  theory  of  the  stereoisomerism 
of  the  alkaloids  and  also  for  the  constitutional  formula  proposed. 
In  the  cases  of  pilocarpine,  wopilocarpine,  homopilopic  acid,  and  pilo- 
pic  acids  it  has  been  noted  that  the  specific  rotation  of  the  substances 
in  alkaline  solution  is  much  less  than  in  aqueous  solution.  This  is  in 
harmony  with  the  general  rule  of  the  specific  rotation  of  lactones  in 
alkaline  and  aqueous  solution,  and  the  gradual  change  in  the  specific 
rotation  of  an  aqueous  solution  of  pilocarpine,  from  +100°  to  +77^ 
is  undoubtedly  due  to  the  opening  of  the  lactone  ring. 

Three  possible  explanations  as  to  the  nature  of  the  stereoisomerism 
may  be  briefly  mentioned. 

1.  The  fact  that  the  conversion  of  pilocarpine  into  wopilocarpine  is 
accompanied  by  a  change  in  the  specific  rotation  from  + 100*5''  to 
+  42'8°  suggests  that  partial  racemisation  may  be  the  cause  of  the 
isomeric  change.  Of  the  two  asymmetric  carbon  atoms  in  wopilocar- 
pine, one  is  attached  to  a  carboxyl  residue,  whilst  the  other  is  attached 
to  a  methylene  group.  In  accordance  with  general  views  on  this 
subject,  it  may  be  assumed  that  the  first  of  these  asymmetric  carbon 
atoms  undergoes  inversion,  and  that  the  optical  activity  of  iso- 
pilocarpine,  homopilopic  and  pilopic  acids  is  due  to  the  carbon  atom 
attached  to  the  -CHg-  group.  Many  examples  of  this  type  of  change 
could  be  quoted)  but  it  will  be  sufficient  to  refer  to  the  example  given 
by  Pasteur  of  the  change  of  quinine  into  quinicine. 

2.  That  pilocarpine  contains  two  non-equivalent  asymmetric  carbon 
atoms,  and  that  in  the  formation  of  wopilocarpine  complete  inversion 
of  the  asymmetric  carbon  atom  attached  to  the  carboxyl  residue  takes 


i 
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pbM.     Tlie  reUtioD   betweea   pilocarptDe  and  wopilooarpint  might 
tkto  h%  ftff— Mit<d  M  follows  : 


H— CH-      .     -CH—CH-  CH—CH-    ^^    -CH— CH- 

nClf.      '       CO-O-CHj  00-0-CH,  CO-O-CH, 

1';       .j::-..  r'joPilocarpioe. 

In  the  latter  case,  tbe  specitic  nnutionof  isopilocarpine  would  be  the 
difference  between  the  rotatory  powers  of  the  two  asymmetric  carbon 
atoma,  and  uopilocarpiDe  would  be  incapable  of  resolution. 

3.  That,  in  addition  to  either  of  the  above  causes  of  isomerism,  the 
bates  may  be  also  geometrical  isomerides,  corresponding  to  cis-  and 
lrwtt>modifications.  The  difference  in  the  melting  points  of  the  salts 
and  in  the  stability  of  pilocarpic  and  uopilocarpic  acids  (Pinner  and 
Schwars,  Ber,,  1902,  36,  201)  tends  to  support  this  view. 

These  conclusions  are  also  supported  by  the  fact  that  the  alkaloids, 
pilocarpine  and  isopilocarpine,  give  absolutely  identical  absorption 
spectra,  and  it  has  been  shown  ( Hartley,  Phil,  Tran$»,  1885,  ii,  471) 
that  stTsoiaomeric  alkaloids  give  identical  spectra,  whilst  any  con- 
siderable difference  in  structure  is  accompanied  by  a  corresponding 
difference  in  the  absorption  spectra. 

In  view  of  all  these  facts,  it  seems  most  probable  that  pilocarpine 
and  isopilocarpine  are  stereoisomerides,  and  must  therefore  be  repre- 
sented by  the  same  structural  formula. 

Formula  qfvariatu  DertvcUives  qf  Piloearpine  and  iso  Pilocarpine. 

Dibromo-pHooarpine  and  iso Pilocarpine. — From  the  analogy  with  the 
giyoxalines  examined  there  can  be  no  doubt  thai  substitution  takes 
place  in  tbe  glyozaline  ring,  and  the  constitutional  formulie  of  each  of 
these  substances  may  be  written  : 


I 


C,H,.CH.CH.CH,.C-N(CH,)v^.3^ 
00  CH,         CBi N 


O 


Dibromoisopilocarpinic  Acid  and  iso PilocarpinolacUme. — The  constitu- 
tion of  these  two  substances  can  be  proposed  with  a  great  degree  of 
certainty  from  the  formation  of  ammonia,  methylamine,  and  pilopio 
acid  by  the  oxidation  of  uopilocarpinolactone  and  from  the  formation 

pilopic  acid  by  the  action  of  sodium  and  alcohol  on  dibromoifo- 
inic  acid  (Trans.,  1901,  79,  592). 
he  formation  of  pilopic  acid  proves   the  existence  of  the  pilopic 
complex  in  these  substances,  and  the  oxidation  must  therefore  have 
taken  place  in  the  glyoxaline  ring. 
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The  following  forraulw  are  proposed  : 

C2H,-9H-(pH-CH:C13r-N(CH3)CBr:N-C02H 


,H,-CH-CH-C] 
CO  CH2 


\/ 
O 

Dibroniowopilocarpiuic  acid. 

C2H4-(j^h-ch-ch:c-n(ch3)ch 

CO  CHo        0— CO— N 

\/ 

o 

isoPilocarpinolactone. 

The  mode  of  formatioD  of  these  substances  may  be  explained  by 
assuming  that  bromination  first  takes  place  with  formation  of 
dibromowopilocarpine,  which  unites  with  excess  of  bromine  with 
disruption  of  the  double  bond  and  formation  of  a  tribromo-acid,  this 
product  then  losing  HBr,  yielding  dibromoisopilocarpinic  acid. 
The  stages  in  the  reaction  may  be  expressed  in  the  following  manner, 
where  K'  =  the  pilopic  residue. 

R'.CH2-C-N(CH3K^^         _^        R'.CH2-C-N(CH,Kc.3^ 
CH K  CBi N 

tsoPilocarpiue.  DibromoMopilocarpine. 

R'-CH^-CBr-NCCH^K^g^.     _^  R.CH,.CBrrN(CH3K^g^. 
CBra N  CBfj— N 

R'CH:CBr-N(CH3K^3^  ^_^         R'.CH:C.N(CH,)CH 

COjH-N  0— CO— N 

Dibromoiwpilocarpinic  acid.  isoPilocarpinolactone. 

These  formulee  explain  perfectly  the  formation  of  pilopic  instead  of 
homopilopic  acid  on  oxidation  and  the  greater  readiness  to  oxidise 
with  permanganate,  as  well  as  the  formation  of  ammonia  and  methyl- 
amine  and  the  other  characters  of  these  compounds.  If  these  formulse 
are  correct,  and  they  are  strongly  supported  by  experimental  evidence, 
then  Mopilocarpinolactone  must  be  regarded  as  the  first  member  of 
new  typo  of  ring  compounds  of  which  the  parent  substance  would  be 

CH 


Uji    CO 


Preliminary  experiments  on  the  action  of  bromine  under  pi-essu 
on  dimethylglyoxaline  (p.  467)  indicate  that  a  similar  reaction  ocou 
with  other  derivatives  of  glyoxaline,  and  this  change  will  be  further 


i 
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ift«di«d  with  ih6M  lolMteiioit,  m  itopilooarpinolftoioM  ouinoi  b« 
oooT0Di>ntly  obuined  in  soiRoieDUj  large  amount  for  a  compUto 
•Indj  of  the  reaeiion. 

iaoFiUmrfmio  meid,  C„H,jO^N,.  and  pHopinio  aeid,  OgHjjO^N, 
obUined  during  the  course  of  the  iovestigation,  were  only  isolated  in 
verj  small  amounts,  and  the  first  not  even  characterised.  Having 
regard  to  its  method  of  formation,  during  the  bromi nation  of  iso- 
pikwarpinei  it  may  reasonably  be  assumed  that  it  is  related  to  i$o- 
ptlorjtrnlnnln.  tiine  and  may  possibly  have  the  formula 

L,U4«CH-CH-CH:PTr.N(CH,)-CH:N-C0,H 

y"" 

I  can  offer  no  suggestion  as  to  the  constitution  of  pilopinic  acid, 
and  the  Tery  small  yield  obtained  precludes  its  further  ezaminalion. 
Brawwearpiiite  acid^  Cj^^Hj^O^NgBr,  was  obtained  by  Pinner  and 
>hlhammer  by  the  action  of  bromine  under  pressure  on  pilocar- 
pine, the  reaction  being  similar  to  that  yielding  with  wopilocarpme, 
dibromotaopilocarptnic  acid.  As  the  behaviour  of  this  acid  on  oxida- 
tion has  not  been  studied,  only  suggestions  can  be  offered  as  to  ite 
constitution.  Since,  however,  it  no  longer  contains  the  lactone  ring 
of  the  homopilopic  complex,  it  must  be  assumed  that  the  (CH,OH) 
group  has  been  oxidised  and  eliminated,  when  by  an  alternate  addition 
and  removal  of  HBr  the  following  formula  might  be  obtained. 

C,H5-CH(C0,H)-CH,-CH:CH-N(CH,)-CBr:N*C0,H. 

PUocarpoie  acid,  C„H,^OjNj,  and  piiomaltc  acid,  C^HjgOj,  were  ob- 
tained by  Pinner  and  Kohlhammer,  the  former  by  the  oxidation  of 
pilocarpine  with  chromic  acid,  and  the  latter  by  oxidation  of  the 
piloearpoic  acid  with  permanganate.  The  only  information  available 
about  the  first  of  these  acids  is  that  it  is  dibasic  towards  baryta,  bat 
neitiier  the  aeid  nor  ite  barium  salt  were  obtained  crystalline.  The 
seoond  acid  is  crystalline,  dibasic,  levorotatory,  and  apparently 
non-lactonic,  although  the  simple  experiment  of  titration  doee  not 
appear  to  have  been  made. 

The  formation  of  these  acids  is  quite  inexplicable  if  the  formula 
ropoeed  for  pilocarpine  by  myself  and  also  by  Pinner  and  Schwars  is 
orrect.  • 

These  authors  suggest  that  the  piloearpoic  acid  is  formed  by  the 

oxidation  of  a  methyl  group  to  carbox^l,  but  a  oonnderation  of  the 

I  formula  for  pilocarpine   shows   that  this   explanation    is  quite   on- 

fcAble.     There  are  only  two  methyl  groups  in  pilocarpine:  (1)  the 
thyl  of  the  homopilopic  residue  ;  (2)  the  methyl  of   the   methyl- 

I  I  2 
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amine  residue.  If  the  former  were  oxidised,  pilocarpoic  acid  on 
oxidation  with  permant^anate  should  yield  a  dibasic  and  lactonic  acid 
having  the  formula  CgHjoOg,  the  glyoxaline  ring  undergoing  oxidation 
in  the  usual  way  : 

CO2HCH, 


,.CH-CH.CH,.C.N(CH3K^g 
CO  CH„         CH N 


O 

COjH-CHg-CH-CH-CHj-COjH 

CO  CH2 

\/ 
O 

This,  however,  is  not  tlie  case,  as  pilomalic  acid,  CyHj^Oj,  is 
dibasic.  If  the  methyl  of  the  methylamine  residue  were  oxidised, 
then  pilocarpoic  acid  on  oxidation  with  permanganate  should  yield 
homopilopic  acid,  which  again  does  not  occur.  Furthermore,  both  of 
these  reactions  are,  a  priori,  extremely  unlikely. 

The  explanation  of  Pinner  and  Schwarz  is  therefore  quite  untenable, 
and  in  the  absence  of  any  information  as  to  the  reactions  of  these 
acids  no  suggestions  as  to  their  constitution  can  be  offered. 

In  conclusion,  it  may  be  pointed  out  that  pilocarpine  and  wopilo- 
carpine  are  the  first  and  only  known  members  of  a  new  class  of 
alkaloids,  containing  a  glyoxaline  ring. 

Thk  Wellcome  Chemical  RKaEARCH  Laboratories. 


L. — Preparation   and  Properties    of   1  :  4(or  1  :  b)-Di' 

methylglyoxaline  and  1  :  S-Dimethylpyrazolel 

By  HooPKE  Albert  Dickinson  Jowett  and  Charles  Ettt  Pottbb. 

During  the  course  of  the  investigation  by  one  of  us  on  the  constitution 
of  pilocarpine  (see  preceding  paper),  it  was  found  necessary  for  the 
purpose  of  comparison  to  prepare  certain  derivatives  of  l-methyl> 
glyoxaline  and  1-methylpyrazole.  Accordingly,  1  :  4(or  1 :  6)-dimethyl- 
glyoxtiline  and  1  :  3-dimethylpyrazole  have  been '  prepared  and  charac- 
terised, and  their  behaviour  with  certain  reagents  studied. 

1  :4(or  1  '.byDimethylglyoxcdine  was  prepared  from  4(or  5)-methyl> 
glyoxaline,  which  in  turn  was  obtained  from  the  corresponding  mer- 
oaptan  according  to  the  method  of  Gabriel  and  Pinkus  (Ber,,  1893,  20^ 
2203).  This  latter  base,  which  had  hitherto  been  described  as 
liquid,  was  obtained  in  crystals  melting  at  55".  The  new  base  ia  » < 
liquid   forming   crystalline   salts.     With    bromine    at    the    ordinary] 
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tompemtunt,  it  foroM  a  erTitalline  dibromo-denvative,  but  with 
of  tlie  rtftfMit  at  100**  ondar  prenore,  further  action  oocurn,  a  cryi- 
tallina  acid  ooolaining  both  nitrogen  and  bromine  being  formed. 
*  'hromie  acid  does  not  attack  the  baee,  but  potaasium  permangiintte 
'  >•«•  it,  producing  ammonia,  methylamine,  and  aoetio  acid.  When 
luethiodide  is  heeted  with  aqueous  caustic  potash  in  a  pealed  tube 
at  180^,  methylamine  and  acetic  acid  are  formed. 

1  :  S-DimtikjflpyrawoU  was  prepared  through  its  methiodide  from 
S-methylpyraaole,  which  was  obtained  by  the  condensation  of  formyl- 
acetone  with  hydrasine  (Knorr  and  Macdonald,  Ai%naUn,  1894,  270, 
235).  Knorr  also  obtained  this  base  {loc.  cil.j  231),  but  had  doubu  as 
to  its  purity,  and  did  not  further  investigate  it.  The  base  is  a  colour- 
less liquid  forming  crystalline  salts.  With  bromine,  either  at  the 
ordinary  temperature  or  at  100°  under  pressure,  the  dibromo-derivative 
>^  formed  ;  in  the  latter  respect,  the  base  differs  from  the  isomeric 
glyoxaline,  which  is  decomposed  by  excess  of  bromine  at  100°.  With 
potassium  permanganate,  the  corresponding  pyrazolemonocarboxylic 
acid  is  formed,  and  the  methiodide  is  not  readily  decomposed  by 
aqueous  caustic  potash ;  in  both  these  reactions  the  pyrasole  behaves 
differenilj  from  the  glyoxaline. 

Professor  C.  R.  Marshall  has  examined  these  compounds  phyi^iologic- 
ally,  but  neither  of  them  was  found  to  possess  any  action  analogous  to 
that  of  pilocarpine.  It  was  also  found  necessary  to  characterise  the 
isomeric  1  : 2-dimethylglyoxaline  which  had  been  previously  prepared 
(Ber.f  1883,  16,  448),  inasmuch  as  the  physical  constants  of  its  salts 
had  not  been  recorded. 


EXPKBIIIENTAL. 

1  :  4(or   1  :  6yDimetht/fgli/oxalin$, 


OH..C 


H-y-N(CH,)'^^    •*         HC N*^^- 

This  base  was  prepared  from  4(or  5)-methylglyoxaline  by  the  method 
(B)  given  by  Titherley  for  the  preparation  of  monoalkyl-substituted 
amides  (Trans.,  1901,79,  401);  it  was,  however,  extracted  with  ether 
instead  of  with  benzene.  The  dark-coloured  and  oily  residue,  which 
was  distilled  under  20 — 25  mm.  pressure,  boiled  almost  entirely  bo- 
i  ween  1 1 0°  and  1 1 7°,  the  yield  being  60  to  70  per  cent,  of  the  theoretical 
The  product  was  rectified,  and  a  fraction  boiling  at  116°  under  25  mm. 
pressure  analysed  with  the^ollowing  result : 

01058  gave  0-2426  CO,  and  00824  H^O.     C  -  62*5  ;  H  -  8  6. 
01250    „     0-2850  CO,    „    00962  H,0.     C-62-2;  H-8-6. 
00808     „     20  c.c.  nitrogen  at  14°  and  747  mm.     N - 28*9. 
C^HgN,  requires  C  -  62-5  ;  H  -  8  3  ;  N  -  29*2  per  cent, 
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The  base,  which  distilled  at  203°  under  the  ordinary  pressure,  is  a 
colourless  liquid,  soluble  in  water,  alcohol,  and  ether  in  all  proportions, 
and  has  a  characteristic  odour  recalling  both  that  of  pyridine  and  of 
trimethylamine ;  it  has  a  sp.  gr.  1003  at  15715°. 

1 : 4(or  1  : 5)-Dimethylglyoxaline  was  obtained  by  the  following 
methods :  (i)  by  the  action  of  methyl  iodide  on  the  silver  derivative 
of  4(or  5)-methylglyoxaline,  in  methyl-alcoholic  solution,  in  a  sealed 
tube  at  160°;  (ii)  by  the  action  of  sodium  methyl  sulphate  on  the 
sodium  derivative  of  the  methylglyoxaline  in  boiling  amyl-alcoholic 
solution  ;  but  in  neither  of  these  two  cases  was  the  yield  of  dimethyl 
compound  so  satisfactory  as  in  the  method  just  described. 

The  aurichloride  formed  yellow  needles,  which,  when  crystallised  from 
alcohol,  melted  at  176°,  but  after  remaining  in  a  desiccator  over 
sulphuric  acid  for  two  or  three  days,  the  crystals  melted  at  214 — 215°. 

The  picrate  immediately  crystallised  in  long,  yellow  needles,  which, 
after  crystallisation  from  hot  water,  melted  sharply  at  167°,  and  were 
not  altered  by  further  crystallisation. 

The  platinichloride  slowly  separated  from  solution  in  orange-coloured, 
laminar  crystals,  which,  aftfer  recrystallisation,  melted  and  decomposed 
at  239° : 


0-0972  gave  0032  Pt.     Pt-32-9. 
(C,U^'N,),,Il^VtC],  requi 


Ig  requires  Pt  =  32'4  per  cent. 

The  hydrochloride  was  obtained  on  evaporating  the  aqueous  solution 
in  a  vacuum  over  caustic  potash,  as  a  mass  of  very  hygroscopic,  colour- 
less crystals  melting  at  145°. 

The  methiodtde  was  prepared  by  heating  the  4(or  5)-methylgly- 
oxaline  in  a  sealed  tube  at  110°  for  3  or  4  hours  with  methyl  iodide 
and  methyl  alcohol.  On  evaporation,  the  methiodide  of  dimethylgly- 
oxaline  slowly  crystallised.  It  was  redissolved  in  absolute  alcohol, 
boiled  with  animal  charcoal,  filtered,  and  dry  ether  cautiously  added 
to  the  solution  while  still  warm,  when  the  methiodide  crystallised  in 
fine  needles.  This  operation  was  repeated  until  the  product 
colourless,  and  the  melting  point  constant  at  156°: 

0-2638  gave  0-2494  Agl.     1-531. 

CjHgNj.OHgl  requires  1  =  53*3  per  cent. 


Action  qf  Bromine. 

(1)  In  Acetic  Acid  Solution, — Dibromodi methylglyoxaline  was  pre- 
pared in  a  similar  manner  to  dibromouopilocarpine  (Trans.,  1901,  79, 
580),  and  formed  long,  colourless  needles,  which  melted  sharply  at 
127°,  and  are  soluble  in  alcohol  and  ether,  but  insoluble  in  water  : 
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01416  gATe  0*2103  AgBr.     Br-63S. 

C^H^N^Br,  requireii  Br-i630 


peroMit. 


An  attempt  to  reduce  a  small  quantity  of  dibromodimethylglyoxaline 
with  sodium  and  amyl  alcohol  gave  a  negative  result. 

(2)  In  Aquetmt  Solution  under  /VMSurt. — A  preliminary  experi- 
ment on'  a  small  quantity  of  dimethylglyoxaline  showed  that  with 
exoess  of  bromine  in  aqueous  solution  at  100°  under  pressure,  no  di- 
hromodimethylglyoxaline  was  formed,  but  a  crystalline  acid  was 
j>r  lining  both  nitrogen  and  bromine,  together  with  small 

qti  iinionia  and  methylamine.    The  reaction  will  be  further 

studied. 

OxkUuion  with  Potassium  Fermanganale. — 2 '5  grams  of  dimelhyl- 
glyoxaline  were  oxidised  with  potassium  permanganate  at  the  ordinary 
temperature,  and  the  products  of  the  reaction  isolated  in  the  usual 
manner.  The  colour  of  the  permanganate  was  not  discharged  imme- 
diately, but  disappeared  on  allowing  the  mixture  to  stand  a  short 
tiflM.     The  reaction  may  be  represented  by  the  equation  : 

C»HgN,  +  20,  +  2H,0  -  NH,  +  NHj-CH,  +  CHj-COjH  +  200^ 

The  amount  of  permanganate  required,  according  to  this  equation, 
should  be  11  grams,  the  amount  actually  used  was  11*2  grams. 

The  bases  formed  were  identified  as  ammonia  and  methylamine,  the 
yield  being  theoretical ;  the  platinichloride  of  the  latter  was  isolated 
and  analysed  (Pt  =  41*l  per  cent.). 

The  acid  formed  was  identified  as  acetic  acid  by  the  formation  of 
ethyl  acetate.  The  products  of  this  oxidation  are  therefore  ammonia, 
methylamine,  and  acetic  acid. 

Action  of  Aqueous  Causiie  Potash  on  the  Methiodids. — Dimethyl- 
giyoxaline  methiodide  was  heated  with  20  per  cent,  caustic  potash  in 
a  sealed  tube  at  180°,  and  the  products  of  the  reaction,  which  were 
isolated  in  the  usual  manner,  were  identified  as  acetic  acid  and  methyl- 
Amine,  the  Utter  being  isoUted  in  the  form  of  its  platinichloride 
't«40*9  per  cent.). 

,    «  ^.      .   .  .      HC-N(CH,)^„ 

I'.Z^Dinu^lpyrazole,   Hy.c((jH,)>^- 

1 :  3-Dimethylpyraxole  wa«  prepared  from  3-methylpyrazoIe  by  the 
agency  of  the  methiodide  as  follows.  Ten  grams  of  3-methylpyrasole 
were  dissolved  in  methyl  alcohol,  34*5  grams  of  methyl  iodide  added, 
and  the  mixture  heated  in  a  sealed  tube  at  110°  for  4  or  5  hours. 
When  cold,  a  large  quantity  of  crystalline  dimethylpyrazole  methiodide 
feparated,  this  product  being  collected  and  washed  with  alcohol  and 
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ether.     The  mother  liquor,  when  treated  with  ether,  gave  a  further 
quantity  of  methiodide,  the  total  yield  being  almost  quantitative. 

The  methiodide,  when  purified  by  repeated  crystallisation  from 
alcohol  and  ether,  forms  white,  prismatic  needles  which  melt  at  256*^; 
it  is  very  soluble  in  water  and  ethyl  alcohol,  less  so  in  methyl  alcohol, 
and  quite  insoluble  in  ether  : 

0-2374  required  10  c.c.  iVyiO  AgNOg.     1  =  53-5. 

CgHgNgjCHgl  requires  I  =  53  3  per  cent. 

When  subjected  to  dry  distillation,  the  methiodide  fused  and  decom- 
posed, giving  the  dimethylated  base  and  methyl  iodide.  The  base  was 
separated  from  a  certain  amount  of  methiodide,  which  volatilised,  by 
treating  the  distillate  with  dry  ether,  filtering,  drying  over  potassium 
carbonate,  and  redistilling.  After  removing  the  ether,  nearly  all  the 
residuedistilled  between  1 40°  and  150°,  the  yield  being  theoretical.  Af  t,er 
twice  fractionating,  a  portion  boiling  at  148°  was  analysed.  It  was  a 
colourless,  mobile  liquid  with  a  slight  pyridine-like  odour,  and  a  burn- 
ing taste  ;  it  was  quite  neutral  to  litmus,  and  had  a  sp.  gr.  =  0*965  at 
15°/16°. 

0-1352  gave  0-3084  COg  and  0-1032  Bfl.     C  =  62-2  ;  H  =  8-5. 
0-1062     „     0-2440  CO2    „    00812  HgO.     C  =  62-5 ;  H  =  8-5. 
0-0610     „  14-6  c.c.  nitrogen  at  11°  and  768  mm.     N  =  28-8. 
CgHgNg  requires  C  =  62-5  ;  H  =  8-3  ;  N  =  29-2  per  cent. 

The  aurichloride^  prepared  in  the  ordinary  way,  crystallised  in 
yellow  needles,  which  softened  at  165°  and  fused  completely  at  175°. 
The  salt  contains  two  molecules  of  water  of  crystallisation,  which  are 
lost,  together  with  a  molecule  of  hydrochloric  acid,  on  heating  at  115°  : 

0-1302  air-dried   salt   lost  at   115°  00188   and   gave    0*055   Au. 
Loss  in  weight  =*  1 4-4  ;  Au  =  42*2. 
C5H8N2,HAuCl^,2H20  requires  Au»  41 -8  and  for  loss  of  2HjO,HCl 

15*2  percent. 

The  platinicJdoride  formed  orange-coloured  cubes  which  melted  at 
234°. 

The  hydrochloinde^  obtained  by  evaporating  the  aqueous  solution  in 
a  vacuum  over  caustic  potash,  separated  in  very  hygroscopic,  long, 
prismatic  crystals ;  it  contained  one  molecule  of  water  of  crystallisa- 
tion and  melted  at  160°,  but  dissociated  slowly  on  heating  at  100°: 

0-02  required  13*2c.c.iV710NajCO,;  C5H8N,,HC1,2H,0  requires  13*9  c.c 
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1 1 )  /'I  AetHe  Acid  MuUon, — Dibromodimetbylpyraxole,  which  was 
prepared  in  the  tame  manner  as  the  dibromodimethylglyozaline, 
formed  long,  white  needles  melting  at  74^ ;  these  were  very  soluble  in 
ethyl  or'methyl  alcohol,  and  in  ether  or  aoetooe,  but  insoluble  in  water : 

0-3018  gave  0-3010  AgBr.     Br  -  63*4. 

CjHjNjBr,  requires  Br-*  63  per  cent. 

(3)  In  Aqu$out  SoltUion  uiuUr  Pvawrt, — This  reaction  was  found 
to  yield  the  same  product  as  the  previous  one. 

Attempts  to  redoee  the  dibromodimethylpyrazole  wan  zinc  du.si  and 
glacial  noetic  aeid,  and  also  with  sodium  and  boiliog  amyl  alcohol,  were 
unaiiooenfaL 

Oxidation  with  Potassium  Permanganale. 

Dimethylpyrazole  on  oxidation  with  permanganate  at  80°  yielded 
DO  volatile  base,  but  an  acid  forming  colourless  laminar  crystals  melt- 
ing at  222°.  The  crystals  were  moderately  soluble  in  hot  water,  and 
almost  insoluble  in  cold  : 

0  1266  gave  02208  CO,  and  00554  H,0.     C-47-6;  H-4-8. 
CjHjOjN,  requires  C  =  47  6  ;  H  -  48  per  cent. 

The   product  of  oxidation    was   therefore    iV'-metbylpyrazolemono- 

carboxyhcacid,M^^^^^^»^>N. 

Actum  qf  Caustic  Potash  under  Pressure  on  the  Methiodids, 

This  experiment  wms  carried  oat  in  the  osnal  manner,  but  as  the 
amount  of  volatile  bases  formed  was  so  minute,  it  was  evident  that 
the  reaction  had  not  taken  place  so  readily  or  so  completely  as  was 
the  case  with  the  giyoxaline  ;  it  was  therefore  not  further  investigated. 

\i%Dimtih^igfyomJim,  §^J^^WcH,. 

This  compound  was  prepired  in  a  precisely  similar  manner  to  that 
given  above  for  the  preparation  of  1  : 4(or  1 : 5)-dimethylglyoxaline, 
that  is,  by  the  action  of  the  sodium  derivative  of  2-methylglyoxaline 
on  sodium  methyl  sulphate. 

A  fraction  boiling  at  205—206°  was  analysed  with  the  following 
result: 
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01 124  gave  0-2566  CO2  and  00842  H^O;  0  =  623  ;  H  =  8-3. 
CgHgNg  requires  C  =  62*5  ;  H  «  8-3  per  cent. 

The  aur{chlo7'id«,  when  recrystallised  from  dilute  hydrochloric  acid, 
formed  orange-yellow  needles  which  melted  at  215° : 

00932  Palt  dried  at  100°  gave  0*0426  Au.     Au  =  45-7. 
CjHgNg,!! AUCI4  requires  Au  =  45*3  per  cent. 

The  platinichloride,  recrystallised  from  dilate  hydrochloric  acid, 
formed  orange-coloured  needles  which  melted  sharply  and  decomposed 
at  230°. 

The  picrate,  which  crystallised  from  hot  water  in  fine,  yellow,  prism- 
atic needles  melting  at  179°,  was  unchanged  by  further  crystallisation 
from  alcohol. 

The  methiodide,  prepared  by  adding  methyl  iodide  to  the  base,  became 
solid  immediately,  with  the  evolution  of  much  heat.  When  recrys- 
tallised from  methyl  alcohol  and  ether,  it  was  obtained  in  white  needles, 
which  although  slowly  decomposed  in  the  air,  were  not  very  hygro- 
scopic, and  did  not  melt  below  300°. 

In  conclusion,  we  wish  to  reserve  for  future  study  the  action  of 
bromine  under  pressure  on  these  glyoxalines. 

The  Wellcomr  Chemical  Research  Laboratories. 


LI. — The   Rate   of  Decomposition  of  Diazo-compoiinds, 
Part  III.     The  Temperature .  Coefficient, 

By  John  Cannell  Cain  and  Frank  Nicoll. 

The  study  of  the  rate  of  decomposition  of  diazo-compounds  affords  an 
interesting  example  of  the  influence  of  temperature  on  the  speed  of  chemical 
reactions.  Incur  former  papers  on  this  subject  (Part  I,  Trans.,  1902, 
81,   1412;  Part  II,  1903,83,  206),  we   have  recorded  the  values  of 

the  constant  C,  calculated  from  the  formula  — log-7 "■   C*,  for  a 

number  of  diazo-compounds  at* various  temperatures. 

An  examination  of  these  constants  in  each  case  shows  a  rapid 
increase  in  magnitude  with  rise  in  temperature,  the  numbers  becoming 
three  to  four  times  larger  for  an  increase  of  10°  (compare  Euler, 
AnnaUn,  1902,  325,  301  ;  also  the  table  in  van't  Hoff's  VorUt%mgm  I, 
2nd  Ed.,  225). 

By  using  Arrhenius's  formula  {Zeii.  phytikal.  Chmn,^  1889,  4,  227) 
for  the  temperature-coefficient,  namely. 
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wd  hare  oalcuUUd  the  ▼aluat  of  th«  ootflieient  A,  uiung  the  rooiiUnU 
rtfTiotuly  recorded. 
In  the  followinp  tables,  the  firwt  two  coIiimn8  contain  the  valoe«  of 


^apecmtnrv. 

('. 

«• 

0-00072 

30 

0*00295 

40 

0-00877 

50 

0D898 

60 

0*109 

20* 

o-oois: 

30 

0*00700 

40 

0-0238 

iiO 

01027 

20' 

0002085 

30 

0-00090 

40 

0*0257 

80 
40 
50 


40 
60 
60 

Mean. 


D%azo-o4ol%mn»  eklartde. 


20* 

30 

40 


30" 

40 

50 

Mean. 


Diazo-m4oluen$  chloride. 


20- 
30 


Di4UO-p4ol\ 


0*000209 


0-00358 

0-0120 

0-0401 


50 
00 


30* 
40 

Mean 
chloride. 


40* 
50 
00 
70 


Mean. 


I 

I   Divorgvnoe 
./.  !     from  the 

inran  valae. 


l'J,.'*20 

+  228 

10,  .3.^0 

-1902 

12,870 

+  78 

13.950 

+  1658 

12,292 


11,800 
11,530 
14,780 

12,703 


10,700 
12,390 

11.545 


14,840 
12,900 
13,010 
15.370 


14,030 


DiauMhmmm^^^-^uipkimic  acid. 


0-00638 
0-0709 


6n- 


14.200 


0-00314 
0-0325 


Diazo-m-nitrobinmntB  chloride. 

i  '  I 


80* 


100* 


15.380 


-903 
-1173 
+  2077 


-845 

+  845 


+  810 
-1130 
-1020 
+  1340 
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C  at  the  various  temperatures,  the  third  and  fourth  the  temperatures 
from  which  we  obtain  the  values  of  A  in  the  fifth  column. 

The  above  values  of  A  agree  with  those  found  by  Euler  {loc.  cit.)  (or 
diazobenzene  chloride  (11,905),  and  diazo-T^-bromobenzene  chloride 
(13,634). 

By  the  help  of  these  numbers,  we  may  calculate  the  value  of  C  at 
any  temperature,  and  hence,  by  the  method  shown  in  the  first  part  of 
this  work  (loc.  cit^  1436),  the  amount  of  decomposition  at  the  end  of 
any  given  period  of  time. 

In  order  to  compare  our  results  with  those  obtained  by  other 
chemists  at  different  temperatures,  we  have  calculated  the  values  of  C 
at  these  temperatures,  using  the  mean  value  for  A  in  each  case. 

For  diazobenzene  chloride,  we  thus  obtain :  Cj^^  0*00035  and  Cj^^ 
0-00145.  Euler  (/oc.  cit.)  found  000031  and  0*00122  respectively, 
whilst  Hantzsch  {Ber.,  1900,  33,  2517)  gives  0*00068  for  C25. 

Diazo-o-toluene  chloride  has  (725  =  0-00387.  Euler  found  00035. 
Diazo-7M-toluene  chloride  has  ^25  =  0  0040.  Euler  found  00037.  Di- 
azo-;?-toluene  chloride  has  (725  =  0000096.  Hantzsch  gives  Q-OOOOSl. 
Diazobenzene-/?-sulphonic  acid  has  (7g4  =  0*0105.  Hausser  and  Muller 
{Compt.  rend.,  1892,  114,  549)  give  0-0106. 

Our  calculated  values  are  thus  in  very  close  agreement  with  the 
results  of  other  observers,  but  Hantzsch's  figures  (from  determinations 
by  Osswald)  are  considerably  lower  than  those  found  by  both  Euler 
and  ourselves. 

Municipal  Technical  School, 
Bury,  Lancashire. 


LII. — The  Catalytic  Racemisation  of  Amygdalin. 

By  James  Wallace  Walker. 

In  a  communication  to  the  Royal  Society  of  Canada  in  May,  1902,  it  I 
was  shown  by  the  author  and  another  that,  under  certain  conditions, 
amygdalin  yields,  on  hydrolysis,  inactive  mandelic  acid  instead  of  the 
]a)vo-variety.  The  latter  is  obtained,  along  with  ammonium  chloride 
and  dextrose,  when  amygdalin  is  heated  with  concentrated  hydro- 
chloric acid.  This  result  furnishes,  as  is  well  known,  one  of  the  argu- 
ments for  ascribing  to  the  glucoside  the  constitutional  formula 
CHPh(M)»CN,  where  M  represents  ft  disaccharide  radicle,  most  prob- 
ably maltose  (E.  Fischer,  5«r.,  1895,  28,  1510).  The  change  consists 
in  a  reaction  between  amygdalin  and  water  leading  to  the  formation 
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of  /mandelio  Acid,  CHPh(OH)*CX),H,  the  essential  product  from  the 
point  of  viow  of  thi:*  reeearoh.  When  amjgdAlin  is  boiled  with  a 
dilute  sque<.>u«  holution  of  an  alkali,  it  is  conyertcd  into  a  talt  of 
amygdalinic  acid,  CHPh(M)*CO,U  (Liebig  and  Wohler,  AnnaUn, 
1837,  22,  11).  From  analogy,  it  might  be  expected  that  aqoeooa 
hydrochloric  acid  would  hydrolyse  amygdalinic  aoid  into  dextrose  and 
/•mandelh)  acid.  And  since  even  dilute  hydrochloric  acid  could  be 
employed  without  fear  of  beosaldehyde  being  produced — as  happens 
when  amygdalin  and  dilute  hydrochloric  acid  are  heated  together — 
it  was  antieipated  that  by  this  method  the  yield  of  /-mandelic  acid 
would  be  better  than  that  obtained  by  the  direct  hydrolysis  of 
amygdalin  with  strong  hydrochloric  acid.  Instead  of  yielding  the  active 
acid,  however,  amygdaiinic  acid  gave  invariably  inactive  mandelic  acid, 
both  when  caustic  potash  and  baryta  were  used  in  its  preparation  and 
alK)  when  it  was  hydrolysed  in  daylight  or  in  darkness  with  hydro- 
'  hlorioacid  varying  in  strength  from  seminormal  to  concentrated.  The 
lieoomanon  seemed  of  the  same  nature  as  several  which  have  been 
recorded  where  raoemisation  takes  place  when  an  atom  or  group 
directly  attached  to  an  asymmetric  carbon  atom  is  replaced  by  another 
radicle.  Besides  the  supposed  analogy  to  similar  cases,  however,  this 
one  poMesaee  a  special  interest  because,  if  the  racemisation  of  amyg- 
daiinic acid  takes  place  when  the  maltose  radicle  is  replaced  by 
hydroxyl,  some  as  yet  unknown  influence  must  be  at  work  to  prevent 
racemisation  when  the  same  substitution  is  being  effected  by  the  same 
agent  under  the  same  conditions  in  the  molecule  of  amygdalin.  The 
study  of  the  reaction  has  therefore  been  continued,  and  the  results 
show  that  most  probably  racemisation  does  not  take  place  either 
during  the  course  of  substitution  of  the  maltose  radicle,  or  when  the 
nitrile  is  being  hydrolysed  to  carboxyl.  On  the  contrary,  it  is  effected, 
without  any  apparent  chemical  action,  whenever  amygdalin  is  dissolved 
in  dilute  alkaline  solutions.  Whether  the  immediate  product  of  this 
change  is  racemic  amygdalin  or  not  is  not  yet  absolutely  certain, 
since  the  substance  is  non-crystalline  and  its  aqueous  solution  evapor- 
ates to  a  gum  not  easily  purified  for  analysis,  but  the  experimental 
reeulte  are  readily  explained  on   this  assumption ;    moreover,  the 

nygdalinic  acid  of  Liebig  and  Wbhler  (loc  oil.)  is  racemoid  as  regards 
its  mandelic   asymmetric    carbon  atom,    whilst   its    Issvo-isomeride, 

WBOflBod  of  a  much  higher  degree  of  optical  activity,  is  to  be  obtained 
hj  the  partial  hydrolysis  of  amygdalin  with  strong  hydrochloric  acid. 
Tbm  isolation  and  further  siudy  of  these  substaooee  is  in  progreee. 
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Experimental. 

The  method  adopted  was  to  examine  polarimetrically  the  rate  of 
progress  of  the  various  reactions  involved.  The  specific  rotation  of 
the  amygdalin  was  determined  in  aqueous  solution  at  20°  : 

/=  1  dm.,  c=  10,  ai,=    -  3-54°,  hence  [a]?r  =    -  35-4°. 
„    2     „     „       4,  „       -2-915°,    „         „  -36-45°. 

The  rotatory  power  therefore  changes  but  slightly  with  the  con- 
centration. The  transformation  of  amygdalin  into  amygdalinic  acid  by 
treatment  with  aqueous  baryta  is  a  reaction  which  proceeds  very 
readily.  The  baryta  solution  qontained  2*338  grams  of  Ba(0H)2  in 
100  c.c,  and  25  grams  of  amygdalin  were  dissolved  in  250  c.c.  of 
solution.  After  filtration,  the  reading  in  a  1  dcm.  tube  was  -  4*3'*. 
A  portion  was  heated  on  a  boiling  water-bath  for  10  minutes  under  a 
reflux  condenser,  cooled,  and  again  examined.  The  observed  angle 
was  now  -5-75°,  and  it  showed  no  further  change  after  heating  for 
30  minutes  longer.  After  remaining  at  20°  for  6  days,  the  rotation 
of  the  solution  was  found  to  have  changed  to  —  5-75°  j  hence,  in  this 
case  also,  the  reaction  was  complete.  When  this  solution,  concen<' 
trated  by  evaporation,  was  hydrolysed  with  strong  hydrochloric  acid 
for  2  hours  on  the  water-bath,  it  yielded,  of  course,  inactive  mandelic 
acid.  The  substitution  of  hydroxyl  for  the  maltose  radicle,  on  the 
other  hand,  although  it  proceeds  quite  rapidly  at  100°,  takes,  at  the 
ordinary  temperature,  a  much  longer  time  than  the  hydrolysis  of  the 
nitrile. 

Amygdalin  (50  grams)  was  boiled  in  an  open  flask  with  500  c.c.  of 
the  baryta  solution  until  all  the  ammonia  was  expelled,  the  theoretical 
quantity  of  oxalic  acid  was  then  added  to  precipitate  all  the  barium, 
and  the  filtered  solution  evaporated  to  a  syrup.  When  cold,  this  was 
dissolved  in  hydrochloric  acid  of  sp.  gr.  1*115,  the  solution  being 
made  up  to  250  c.c.  with  the  same  solvent.  This  solution,  when 
examined  at  intervals  in  the  polarimeter,  gave  the  following  results 
(/=  2  dm.,  t  =  20°  approximately) : 

Tablb  I. 

Time.  at,.  Time.  «». 

0  -220°  4weekd  -   fi-O** 

12  hours-        -21*7  8     „  +   2*0 

3  days  -20-5  15     „  +17*0 

2  weeks         - 120 

The  final  reading  is  not  accurate  to  less  than  one  degree,  as 
the  solution  had  become  dark  in  colour,  but  it  corresponds  within 
the  limit  of  accuracy  with  the  value  to  be  expected  from  the  amount 
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of  dextit)ae  (•!•  15*8^).    The  mandolio  acid  produced  from  am/gdnliDio 
add,  eren  ai  Um  ordiiuurj  tomperattire,  U  therefore  also  in  Active. 

The  differeooe  in  the  raiee  at  which  amygdalinic  acid  is  produced 
!  y  i  o  baryta  aolntion,  and  hydrolysed  by  comparatively  strong 
LyJivKLloric  aoid»  was  very  striking,  and  suggested  an  examination  of 
the  velocity  of  hydrolysis  of  amygdalin  by  hydrochloric  acid  alone. 
The  foHowing  data  show  clearly  the  separation  of  the  reaction  into 
two  parts,  one  of  which  proceeds  with  a  velocity  comparable  with  that 
due  to  baryta  and  is  complete  after  six  days.  Most  probably  the  first 
^MWiwtt  aleo  in  the  transformation  of  the  nitrile  radicle  into  carboxyl, 
wliltl  tlie  second — the  replacement  of  the  maltose  by  hydroxy  1 — goes 
OD  very  slowly,  as  indicated  in  Table  I.  Ten  grams  of  amygdalin 
dissolved  in  hydrochloric  acid  (sp.  gr.  1*1),  the  solution  being 
up  to  50  cc.  with  the  same  solvent  and  filtered  rapidly.  The 
observed  readings  were  as  follows  (/  -  2  dm.,  t »  20°  approximately) : 


Table  II. 

Chauge 

Change 

Time. 

«t». 

ofttD. 

Time. 

ao. 

of  ao. 

0 

-13-5° 

— 

71  hours 

-  400*' 

26-5'' 

1      hour 

-  14-43 

0-93° 

95     „ 

-41-3 

27-8 

3     hours 

-1612 

2-62 

119     „ 

-  42-44 

28-94^ 

6-5     „ 

-18-8 

5-30 

143     „ 

-  42-78 

29-28« 

22        „ 

-27-5 

14-00 

220     „ 

-40-7 

24-5     „ 

-28  35 

14-85 

346     „ 

^35-8 

47        „ 

-35-68 

2218 

The  change  has  not  yet  been  followed  further,  but  the  final  rotation 
which  the  solution  should  show  when  all  the  amygdalin  has  been 
converted  into  dextrose  and  /-mandelic  acid  is  easily  calculated  from 
the  known  specific  rotations  of  these  two  substances.  The  concentra- 
tion of  the  mandelic  acid  will  be  6*28  per  cent.,  its  specific  rotation, 
from  my  own  determinations,  is  about  —163°,  and  the  corresponding 
values  for  dextrose  are  1489  pencent.  and  +  53°.  In  a  1  dcm.  tube,  the  ro- 
sulUngroUUon  will  therefore  be  -  1024° +  7*89°  -  -233°.  Practically 
the  final  rotation  was  easily  reached  by  warming  a  portion  of  the  solution 
for  7  minutes  on  the  water-bath.  The  liquid  became  somewhat  red  in 
colour,  and  therefore  the  observation  was  not  very  exact,  but  it  was  found 
to  be  about  -  2°,  the  value  remaining  constant  after  warming  in  the  same 
way  for  half  an  hour  longer.  After  2  hours'  heating,  the  solution 
became  so  dark  in  colou^  that  polarimetric  observations  could  not  be 
taken,  but  on  treatment  with  ether  it  gave  a  very  active  ethereal  extract, 
which,  on  evaporation,  left  a  crystalline  solid,  easily  identified  by  its 
melting  point  as  /-mandelic  acid.  A  comparison  of  the  values  in  the  above 
table  shows  that  the  first  reaction  is  almost  complete  in  120  hours,  while 
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the  second  has  proceeded  to  a  very  slight  extent.     One  may  therefore, 

with  only  a  small  error,  take  30°  as  the  total  optical  change  produced 

in  passing  from  the  nitrile  to  the  carboxylic  acid,  since  the  rotation  of 

the  small  amount  of  mandelic  acid  formed  almost  exactly  neutralises 

that  of  the  corresponding  amount  of  dextrose.     An  almost  constant 

value  of  K  is  obtained  on  applying  to  the  above  values  the  equation 

1-4 

for  a  unimolecular  reaction,  K=  -loge >  where  t  =  time  in  hours. 

t       A  -x 

^  =  30°  and  a: «  0-93°. 

Table  III. 

t=\  /:=  0-01368  «-47  /r  =  001242 

3  0-0LS23  71  001314 

6-5  0-01299  95  001194 

22  001241  119  001220 

24-6  0-01211 

The  results  in  Table  I,  which  indicate  the  velocity  of  the  second 
reaction  (the  hydrolysis  of  the  maltose  radicle),  when  treated  in 
the  same  way,  also  give  an  approximately  constant  value  0*0003,  so 
that  this  change  proceeds  about  40  times  more  slowly  than  the  first. 

The  results  indicated  in  Tables  I  and  II  were  obtained  with 
solutions  of  the  same  concentration  with  respect  to  amygdalin.  The 
first  table  shows  that  Liebig  and  Wohler's  amygdalinic  acid  produced 
by  barjta  gives  in  20  per  cent,  solution  in  the  2  dcm.  tube  an  angle 
of  rotation  of  -  22°,  whilst  the  second  shows  that  the  amygdalinic 
acid  produced  by  hydrochloric  acid  has  a  rotation  of  about  -  42** 
in  the  same  tube,  and  at  the  same  concentration.  Liebig  and 
"Wohler's  amygdalinic  acid  is,  therefore,  already  racemoid  with  respect 
to  its  mandelic  asymmetric  carbon  atom.  The  results  thus  far, 
therefore,  pointed  to  racemisation  taking  place  in  the  preparatioo  of 
the  amygdalinic  acid,  that  is,  during  the  hydrolysis  of  the  nitrile, 
since  the  second  stage  of  the  reaction,  namely,  the  substitution  of  the 
maltose  radicle,  is  the  same  in  both  cases.  A  reaction /Of  this  nature 
would  be  sufficiently  remarkable  to  warrant  further  investigation, 
because,  although  instances  of  racemisation  taking  place  when  one 
of  the  atoms  or  groups  directly  attached  to  an  asymmetric  carbon 
atom  is  replaced  by  another  atom  or  group  are  fairly  common  when 
a  halogen  is  the  atom  undergoing  replacement,  yet  there  are  but  few 
recorded  oases  of  its  occurrence  when  the  atom  replaced  is  not  so 
situated  (propoxyphenylacetic  acid,  McKeniie,  Trans.,  1899,  76,  764). 
Another  consideration,  however,  led  to  the  conclusion  that  racemis- 
ation might  take  place  even  earlier  than  this.  The  specific  rotation 
of   amygdalin   freshly  dissolved   in   hydrochloric  acid   solution   was 


WAI.KKU:   TIIK  CATA.UYTIC   K\CKM18ATI0M   OK   AMYODAUN.      477 

t  niud  lu  th«  Ust  experiment  to  be   -33*75°,  a  value  differing  but 
tie  from  thai  iq  pore  water,  whilst  in  a  baryta  solution  newly  pre- 
pared and  having  no  odour  of  ammonia  it  was  fotind  in   the  firtt 
experiment  to  be  about    -43^     The  discrepancy  between  this  and 
the  value  —35*4°,  found  in  aqueous  solution,  might,  however,  be  due  to 
the  action  of  the  baryta  on  one  of  the  hydroxyl  groups  of  the  maltose 
mdicle.     To  settle  this  point,  10  grams  of  amygdalin  were  dissolved 
50  CO.  of  the  baryta  solution.     After  10  minutes,  and  before  any 
<^our  of  ammonia  oould  be  detected,  50  c.c.  of  a  dilute  8u1phuric 
acid  solution,  oontaining  the  theoretical  quantity  of  H^SO^  to  precipi- 
tate all  the  barium,  were  added.     After  settling  and  filtering,  the 
rt^tAtion   of    the   solution   at    20°   was   found    to    be    ao-     -4*32°, 
1  dcm.,' hence  [a]?^**    -43*2°.      The   increased   rotation  of   the 
ainygdalin  is  therefore  not  due  to  the  presence  of,  or  to  combination 
^^ith,  the  baryta,  since  the  specific  rotation  remains  unaltered  after 
•>  barium  has  been  precipitated.     When  evaporated  down,  either  on 
o  water-bath  or  spontaneously,  this  solution  did  not  crystallise,  even 
er  acme  time,  but  left  a  viscous  gum.     It  appears,  therefore,  that 
s<)lution   in  dilute   aqueous  baryta   produces  in    a    very  short  time, 
""'•'"*••  ^ -v  appreoiable  hydrolysis  of  the  nitrile  radicle  having  taken 
vj  m irked  change,   not  only  in  the  rotatory  power,  but 
alflo  in  the  eolubiiity  of  amygdalin.     In  order  to  determine  whether 
laoemisation  had  already  taken  place,  a  similar  solution  to  the  last 
one  was  prepared  and,  after  10  minutes,  was  almost  neutralised  with 
hydrochloric  acid ;  it  was  then   evaporated  to  a  syrup  which,  when 
cold,  was   dissolved   in   hydrochloric  acid  (sp.  gr.   I'l),   the  volume 
log  made  up  to  50  c.c.  with  the  same  solvent.     The  rotation  of 
tins  solution  in  the  1  dcm.  tube  was  -  10°.     A  portion  of  the  solu- 
tion, when  heated   for  10  minutes  to  67°  only,  to  avoid  darkening 
in  colour,  gave  a  rotation    of    -  8*55°,  and  after   10  minutes'  addi- 
tional   beating    at   the   same   temperature    +7*25°.      The    rotation 
due  to  the  dextrose  alone  if  all  were  hydrolysed  would  be    •l-7*9''. 
•'.Q  solution   was  further  heated   on  a   boiling   water-bath  for    10 
.  nutes  and,  as   it  had   become  too   dark  for   examination   in   the 
polarimeter,  was  extracted  with  ether.     The  ethereal  extract  showed 
only  very  little  activity,  and  left  on  evaporation,  a  crystalline  solid, 
ly  identified  as  i-mandelic  acid  by  a  determination  of  its  melting 
it.     Racemisation  is  therefore  effected  by  simple  solution  in  dilute 
baryta.     A  second  portion  of  the  solution  in  aqueous  hydro- 
ic  add  was  examined  in  the  2  dcm.  tube  at  the  room-temperature 
it  20°)  at  various  intervab : 
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Table  IV. 

Change 

Change 

Time. 

OD. 

of  OD. 

Time. 

«D- 

of  au. 

0 

-  20-0° 

— 

67  hours 

-  20-95° 

-0-95'' 

4  hours 

-20-1 

-0-1° 

76     „ 

-20  91 

-0  91 

19     „ 

-  20-85 

-0-85 

250     „ 

-  14-2 

+  5-80 

43     „ 

-21-0 

-  1-0 

296     „ 

0°      » 

-13  32 
+  15-8 

+  6-68 

In  this  case  also,  as  with  /"-amygdalin  (Table  II),  it  is  evident  that 
the  hydrolysis  takes  place  in  two  stages,  and  a  very  strong  .indication 
that  the  new  substance  is  racemoid  amygdalin  is  seen  in  the  general 
correspondence  of  the  velocities  of  the  two  reactions  as  indicated  by 
the  change  in  rotation.  The  total  change  from  the  most  Isevo-  to  tha 
most  dextro-reading  is  about  37°  in  both  cases,  and  after  300  hours 
both  have  become  altered  to  approximately  the  same  extent,  the  amount 
of  transformation  being  7/37ths  of  the  entire  change  represented  by 
the  second  stage.  In  the  case  of  the  racemoid  substance,  however,  the 
first  stage  is  accompanied  by  only  a  very  small  change  in  optical 
power^  whilst  with  /-amygdalin  the  corresponding  stage  involves  a 
very  large  change  of  rotation. 

If  the  racemisation  of  amygdalin  is,  as  the  foregoing  observations 
seem  to  indicate,  a  catalytic  action  induced  by  the  presence  of  alkalis, 
a  very  small  quantity  of  the  latter  ought  to  effect  the  change, 
although  not  so  rapidly.  It  might  also  be  brought  about  in  a  longer 
time  by  the  alkaline  carbonates.  The  following  experiments  confirm 
this  supposition.  Amygdalin  (10  grams)  was  placed  in  a  50  c.c.  flask 
and  some  water  was  added.  Then  10  c.c.  of  the  baryta  solution  were 
run  in  and  the  flask  was  filled  to  the  mark  with  water.  It  took  15 
minutes'  shaking  to  effect  solution,  whereas  50  c.c.  of  the  same  baryta 
solution  dii^solve  10  grams  of  amygdalin  almost  instantly.  The  rotation 
observed  in  the  1  dcm.  tube  was  —  10-15°,  aud  this  remained  unchanged 
after  16  hours.  Twenty-five  c.c.  of  the  solution  were  then  saturated 
with  carbonic  acid  and  filtered.  The  optical  power  was  almost  unchanged, 
namely,  -9*88°.  The  solution  was  evaporated  to  a  syrup,  the  residue 
being  dissolved  in  hydrochloric  acid  (sp.gr.  1*1),  the  final  volume  of  which 
is  made  up  to  25  c.c.  The  rotation  was  now  -  9*57°,  l^l  dcm.,  and 
this  remained  almost  constant  for  two  days,  as  was  found  previously 
for  the  racemoid  substance  (see  Table  IV).  A  portion  of  the  hydro- 
chloric acid  solution  was  warmed  on  the  water-b»th  at  a  temperature 
of  nearly  100°  for  10  minutes,  when  its  rotation  changed  to  -  4*58°, 
and  after  10  minutes*  additional  heating  to   +5°.     The  mandelic  acid 
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prodneed  was  therefore  inaoiire,  this  ficsl  dextro-rotation  being  due  to 
Um  dsxtrose  produced.  A  simiUr  experimeDt  was  performed  in  which 
odIj  5  cc.  of  the  baryta  solution  were  employed  for  the  same  weight 
of  amygdalin,  and,  although  the  glucoside  took  a  slightly  longer  time 
to  dissolve,  yet  the  rotation  of  the  resulting  solution  was  the  same. 
In  this  last  experiment,  the  proportion  is  only  0'03  mol.  of  barium 
ydroxide  to  1  mol.  of  amygdalin,  and  the  effect  is  the  more  Btriking  as 
it  eaows  10  grams  of  amygdalin  to  dissolve  in  50  cc,  whereas  120 
e.e.  of  pure  water  are  required  for  the  same  weight  of  the  glucoside 
at  the  ordinary  temperature.  A  very  small  quantity  of  potassium 
carbonate  was  also  found  to  induce  racemisation.  Ten  grams  cf 
amygdalin  were  placed  in  a  50  cc  flask,  which  was  611ed  to  the  mark 

ith  a  solution  containing  01 886  gram  K^CO,  in  100  cc  of  water, 
luis  being  equivalent  to  u.sing  10  cc  of  the  baryta  solution.  It  took 
two  hours'  constant  shaking  to  effect  solution,  and  the  rotatory  power 
in  the  dcm.  tube  was  almost  the  same  as  in  the  last  two  experiments, 
namely,  au==  —9-7°.  The  racemisation  of  amygdalin  is  apparently, 
therefore,  a  catalytic  action,  depending  most  probably  on  the  presence 
of  hydroxy  1  ions  in  the  solution. 

That  daylight  has  no  effect  in  inducing  the  action  in  the  presence 
of  baryta  was  shown  by  an  experiment  similar  to  one  already 
described,  where  10  grams  of  amygdalin,  50  cc  of  baryta  solution, 
and  50  cc  of  an  equivalent  sulphuric  acid  solution  were  employed. 
The  whole  operation  was  performed  in  the  dark,  but  in  this  case  also 
the  product  was  racemoid. 

Macdoxalo  Chemistry  jlsd  Mining  Building, 
McGiLL  University,  Montreal. 


By  T.  Martiv  Lowry,  D.Sc,  and  Gborgb  C.  Donikoton,  M.A. 

TiiR  readiness  with  which  large  quantities  of  camphorsulphonic  acid 

n  be  prepared  by  the  well-known  Reychler  method  of  sulphonation 

iggested  to  us  the  desirability  of  making  an  attempt  to  reduce  the 

iloride  of  this  acid  imd  so  to  prepare  the  hitherto  unknown 

of  the  camphor  senes,  a  substance  likely  to  possess  interest- 

^logical  properties.     In  this,  we  have  been  only  partially 

(ful.     Camphorthiol  is,  indeed,  produced  by  this  method,  but 

^e  yield  of  the  mercaptan  is  always  small,  never  exceeding  15  per 

cent,  of  the  theoretical  quantity,  and  in  spite  of  many  attempts  to 

K   K   2 


480  LOWRY   AND  DONINGTON  :  CAMPH0R-/8-THI0L. 

effect  an  improvement  by  varying  the  conditions  we  have  been  unable 
to  secure  a  result  which  will  compare  in  any  way  with  the  almost 
theoretical  .yields  which  the  method  gives  when  applied  to  sulpho- 
chlorides  of  the  benzene  series. 

In  our  earlier  experiments,  the  reduction  was  carried  out  by  means 
of  zinc  dust  and  hydrochloric  acid,  but  latterly  we  have  found  that  a 
larger  and  very  much  more  regular  yield  of  the  thiol  is  obtained  when 
powdered  tin  is  used  in  the  place  of  zinc.  The  method  of  preparation 
is  as  follows :  25  grams  of  dried  and  powdered  potassium  camphor- 
sulphonate  are  ground  in  a  mortar  with  20  grams  of  phosphorus  penta- 
chloride ;  the  liquid  product  is  allowed  to  stand  for  an  hour,  and  is 
then  poured  on  to  ice ;  the  sulphochloi  ide  soon  solidifies,  and,  after 
being  well  washed  and  drained  on  the  filter-pump,  can  be  reduced 
without  further  purification.  In  this  operation,  the  sulphochloride  is 
covered  with  200  c.c.  of  concentrated  hydrochloric  acid,  40  grams  of 
powdered  tin  are  added  in  small  quantities,  and  the  mixture  is 
warmed  occasionally  to  50°.  When  all  the  tin  has  been  introduced, 
the  product  is  allowed  to  remain  for  24  hours.  Concentrated  hydro- 
chloric acid  (20  c.c.)  is  then  added  and  the  flask  connected  to  a  con- 
denser and  heated  on  a  water-bath.  On  passing  steam  into  the  mix- 
ture, the  thiol  is  rapidly  carried  over  and  solidifies  in  the  condenser. 
The  product  thus  obtained  is  practically  pure  and  can  generally  be 
used  without  recrystallisation.  The  yield  is  about  10  percent,  of  the 
weight  of  the  potassium  salt  taken,  or  1 4  per  cent,  of  the  theoretical 
quantity. 

Camphor- p-thiol,  HS'CgH^g^lL.  *,  ia  a  colourless  solid  of  character- 
istic and  not  unpleasant  odour,  faintly  recalling  with  camphor,  the  odour 
of  burnt  india-rubber.  It  is  easily  volatile  in  a  current  of  steam,  and  can 
be  effectively  purified  by  crystallising  from  ordinary  methylated  spirit, 
from  which  it  separates  in  small,  transparent  pri^ms ;  less  favourable 
results  are  obtained  when  absolute  alcohol  or  light  petroleum  is  used 
as  a  solvent.  When  purified  by  crystallising  once  from  spirit,  the 
thiol  melts  at  66°,  and  the  melting  point  is  not  changed  by  further 
crystallisation.  The  rotatory  power  was  determined  in  a  solution  in 
acetone  containing  10  grams  per  100  c.c,  and  was  found  to  be  [ajj}*  — 
+  6°.     On  combustion  with  lead  chromate : 

01773  gave  04255  CO,  and  01374  H,0.     0-6544  ;  H-8-67. 
CioH,^OS  requires  0  -  65  14 ;  H  -  8-77  per  cent. 

By  slow  evaporation  of  a  solution  in  acetone,  the  thiol  was  obtained 
in  woll-foimed  crystals,  approximately  cubic  in  shape  ;  these  crystals 
were  sometimes  very  large,  the  individual  crystals  weighing  nearly  a 
gram  ;  no  edge  faces  were  developed,  and  it  was  therefore  impossible 
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t<>  doU>rmine  compleUlj  Um  ftomttrioal  coDsUntt  of  th«  crytUU ;  the 
optiral  properties,  howeTer,  were  readily  determined,  and  proved  in- 
vduable  in  allocating  the  cryttals  to  their  proper  syfttero.  The 
following  reeults  were  obtained  : 


^yetan.    Orthorbombic. 
A  rial  ratios  : 

a 


:c-l-052:l:t 


;»-jll01.     c-{001}. 
c:p  001:110   -   QO^C. 
p:p  110:110   -   87^'. 
p:p  110:110  =   92^65'. 

OpUeal  Froj^erties.  —On  examining  the  supposed  **  cubes  "  between 

croMed  Kicols  in  a  parallel  beam  of  polarised  light,  it  was  found  that 

on  two  pairs  of  faces  very  sharp  extinctions  occurred  when  the  plane 

of  polarisation  was  parallel  or  perpendicular  to  the  edges  of  the  face  ; 

on  the  third  pair  of  faces,  however,  the  extinctions  occurred  when  the 

plane  of  polarisation  lay  diagonally  across  the  face.     This  showed  that 

four  of  the  faces  must  be  regarded  as  constituting  a  prism  form  and 

the  remaining  two  as  pinacoids ;  this  view  was  confirmed  by  geometrical 

measurements,  which  showed  that  the  angles  in  the  prism  zone  were 

not  right-nnglee,  bat  had  the  values  87^6'  and  92^55',  given  above. 

>Q  cutting  sections  across  the  acute  edge  of  the  prism  and  examining 

lese  in  a  conyergent  beam  of  pol  irised  light,  exceptionally  brilliant 

:>tic  axial  figures  were  seen ;  the  plane  of  the  optic  axis  is  perpen- 

icTiUr  to  the  axis  of  the  prism  and  parallel  to  the  faces  of  the  pinacoid 

>rm  {001} ;  the  optic  axial  angle  is  fairly  large  and  showed  marked 

i  spersion,   the   angle  being  greatest  for  the  blue   rays;   the  acute 

bisectrix  was  taken  as  the  axis  of  a.     The  double  refraction  is  positive 

in  sign. 

The  crystallographic  properties  of  the  thiol  bring  it  into  line  with 
/3-bromocimphor,  whiih  also  crystallises  in  the  orthorbombic  system 
And  has  0:6=1062:1.  110 :  lT0-86°32',  and  110  :Tl0-93°28'. 
'  iie  optic  axes  are  differently  situated,  but  the  sign  of  the  double 
refraction  is  the  same  in  each  case.  Unlike  )3-bromocamphor  and 
^-cblorocamphor,  the  thiol  is  dimorphous,  and  two  forms  are  seen 
iccessively  on  allowing  it  to  cool  from  the  melting  point  on  a 
microscope  slide.  * 

The  thiol  does  not  form  any  alkali  salts,  and  is  precipitated  com- 
letely  on  adding  water  to  an  alcoholic  solution  containing  potafsium 

*  Or  possibly  mono^ymmetHe,  is  which  case  ^=87*0'  and  the  axial  ratios  are 
.iideteminate. 
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hydroxide.    Like  other  mercaptans,  however,  it  possesses  the  property 
of  forming  stable  compounds  with  lead  and  mercury. 

The  insoluble  lead  salt,  rb(SCjyH,rP)2,  was  prepared  by  precipi- 
tating an  alcoholic  solution  of  the  thiol  with  alcoholic  lead  acetate  : 

0-4078  gave  02160  PbSO^.     Pb  =  361  (calc.  360). 

By  precipitating  an  alcoholic  solution  of  the  thiol  with  alcoholic 
mercuric  chloride,  the  mercurtchloride,  Cl'Hg*S*CioHij,0,  was  produced  ; 
this  is  insoluble  in  water,  but  is  very  slightly  soluble  in  boiling 
alcohol,  from  which  it  separates  on  cooling  in  minute,  glistening  scales, 
rendering  the  liquid  opalescent.  The  chlorine  was  determined  by 
boiling  with  silver  nitrate  and  dilute  nitric  acid ;  the  hot  filtrate 
deposited  a  sparingly  soluble  compound  which  is  perhaps  the  mercuri- 
nitrate : 

0-6553  gave  0-2144  AgCl.     CI  =  8-08  (calc,  8-4). 

The  disulpkide,  S2(CiqHj50)2,  was  prepared  by  oxidising  an  alcoholic 
solution  of  the  thiol  by  means  of  ferric  chloride  and  also  by  the  action 
of  iodine.  When  purified  by  crystallising  from  dilute  spirit,  in  which  it 
is  somewhat  readily  soluble,  the  product  in  each  case  melted  constantly 
at  224°.  It  separates  from  solution  in  feathery  needles,  but  could  not 
be  obtained  in  measurable  crystals.  The  specific  rotatory  power  was 
found  to  be  [a]]}'  -  97°  in  a  solution  in  acetone  containing  2*70  grams 
per  100  c.c.  The  formation  of  the  disulphide  takes  place  very  readily 
under  a  number  of  different  conditions,  although  it  is  not  always  easy 
to  separate  it  in  a  pure  state.  It  is  formed  when  an  alcoholic  solution 
of  the  thiol  is  diluted  with  ammonia  and  left  exposed  to  the  air,  and 
was  also  produced  on  attempting  to  brominate  the  acetyl  compound 
described  below.  A  substance  which  is  probably  an  impure  form  of 
the  disulphide  was  also  obtained  when  the  liquors  from  the  preparation 
of  the  thiol  by  means  of  zinc  dust  and  hydrochloric  acid  were  exposed 
to  the  air ;  after  several  crystallisations,  it  melted  at  about  200°  and 
had  [a]o  -  50°  in  acetone  ;  a  mixture  with  the  disulphide  melted  at  an 
intermediate  temperature.  The  formation  of  this  substance  appears 
to  us  to  indicate  that  the  thiol  forms  a  zinc  derivative  which  is  not 
readily  decomposed  by  acids  ;  this  view  is  confirmed  by  the  fact  that 
a  small  additional  amount  of  the  readily  volatile  thiol  was  usually 
obtained  on  each  addition  of  acid  during  steam  distillation,  even  when 
the  whole  of  the  zino  had  been  dissolved. 

The  disulphide  was  also  obtained  on  attempting  to  prepare  theoxime 

of  the  thiol ;  this  is  scarcely  to  be  wondered  at  in  view  of  the  fact  that 

alcoholic  ammonia  brings  about  a  similar  change.     Two  grams  of  the 

thiol   and   1   gram  of  hydroxylamine  hydrochloride  were  dissolved  in 

alcohol  and  a  solution  of  0*3  ^ram  of  sodium  in  alcohol  was  added  : 
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;Ud  mixture  wm  boiled  for  an  hour,  the  precipitated  ealt  wm  collected, 

and  part  of  the  alcohol  evaporated  ;  the  loIutioD  was  then  precipitated 

with  water  and  the  product  drained  and  recryntallised  three  timet 

fmm  dilute  alcohol ;  this  substance,  which  was  then  found  to  be  free 

om  nitrogen,  melted  at  212^  and  had  [a]u  -100°,  these  values  being 

idicieQtljnear  to  those  for  the  disulphide  to  indicate  the  nature  of 

ite  product. 

A  well-defined  aeetaU,  CHj^JO'S'CjoHjjO,  was  prepared  by  boiling 
the  thiol  with  sodium  acetate  and  acetic  anhydride.  On  diluting  with 
water,  an  oil  was  precipitated  from  which  the  acetate  gradually 
separated  in  long,  needle-shaped  crystals ;  minute,  colourless  needles 
were  also  deposited  from  the  aqueous  liquor.  On  account  of  its  low 
melting  point,  the  acetate  could  not  be  puri6ed  by  crystallising  in  the 
ordinary  way,  but  by  slow  evaporation  of  an  alcoholic  solution  it  was 
again  obtained  in  long  needles  melting  at  38° ;  its  readiness  to  separate 
in  Urge  crystals  distinguishes  it  in  a  marked  way  from  the  preceding 
compound.  The  speciOc  rotatory  power  was  found  to  be  [a]J  -  41° 
in  a  solution  in  alcohol  containing  5  grams  per  100  c.c.  On  com- 
bustion with  lead  acetate : 

0*1323  gave  0*2842  CO,  and  00894  H^O.     C  »  6338  ;  H  -  818. 
CjjH^gO^  requires  C  =  6366 ;  H  =  804  per  cent. 

It  was  thought  that  in  the  acetate  the  thiol  -group  would  be 
sufficiently  protected  to  allow  of  the  preparation  of  a  number  of 
derivatives  which  could  not  be  prepared  from  the  thiol  itself.  This 
did  not  prove  to  be  the  case;  the  acetyl  derivative  was  decomposed  almost 
as  readily  as  the  thiol,  giving  derivatives  of  the  disulphide.  With  a 
view  to  preparing  an  a-bromo-derivative,  the  acetate  was  dissolved  in 
acetic  acid,  together  with  sodium  acetate,  and  bromine  was  added  ; 
the  bromine  was  at  once  decolorised  and  sodium  bromide  separated,  but 
the  product  was  found  to  be  free  from  bromide  and  was  identified  as 
the  diiolphide.  Probably  bromine  first  combines  with  the  acetyl 
groups  forming  a  disulphide  and  acetyl  bromide, 

2CH,-00-S-C,oHi,0.|.Br,  —  2CH3-CO-Br.h  |;^»«J»J  . 

and  the  acetylbromide  in  presence  of  sodium  acetate  yields  sodium 
bromide  and  acetic  anhydride, 

CH,-COBr  +  NaO*CO-CH,  -*  NaBr  +  0(CO-CH,)y 

The  corresponding  bemo<U$,  C^Hj-CO'S'CjoHjjO,  was  readily  pre- 
{xired  by  the  Schotten-Baomann  method,  a  little  punfied  ether  being 
idded  to  bring  the  thiol  into  solution.  The  product,  after  allowing 
:  he  ether  to  evaporate,  was  still  soft,  but  became  hard  when  rubbed 
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with  a  glass  rod  ;  it  was  then  drained,  washed,  and  crystallised  from 
spirit.  When  crystallised  a  second  time  from  hot  spirit,  in  which  it 
is  fairly  readily  soluble,  it  separated  in  pearly  scales  and  melted  at 
59°.  The  specific  rotatory  power  was  found  to  be  [a]lf  -  16  4°  in  a 
solution  in  acetone  containing  3*22  grams  per  100  c.c. 

In  conclusion,  we  wish  to  express  our  thanks  to  Prof.  Armstrong 
for  the  interest  he  has  taken  and  the  help  he  has  afforded  in  this 
investigation. 

Chemical  Department, 

Central  Technical  College, 

London,  S.W. 


LIV. — Hydrolysis  of  Urea  Hydrochloride, 

By  James  Walker  and  John  K.  Wood. 

It  was  shown  by  Walker  {Zeit  phyaikal  Chem.,  1889,  4,  321)  that 
very  weak  bases  can  be  arranged  in  the  order  of  their  strengths 
by  observations  of  the  speed  with  which  equivalent  solutions  of  their 
hydrochlorides  effect  the  catalysis  of  methyl  acetate*,  the  principle  of 
the  method  being  as  follows.  The  salts  of  weak  bases  are  partially 
decomposed  in  aqueous  solution  into  free  acid  and  free  base,  the  extent 
of  the  hydrolysis  being  greater  as  the  base  is  feebler.  Now  the  rate 
at  which  methyl  acetate  is  converted  into  methyl  alcohol  and  acetic 
acid  is,  other  things  being  equal,  roughly  proportional  to  the  concentra- 
tion of  the  free  mineral  acid  in  the  aqueous  solution.  It  is  therefore 
possible  to  measure  approximately  the  extent  of  the  hydrolysis  of  the 
hydrochloride  of  the  weak  base  by  comparing  the  rate  at  which  a  given 
solution  of  methyl  acetate  is  catalysed  under  its  influence  with  the 
rate  at  which  the  methyl  acetate  is  catalysed  by  an  equivalent 
solution  of  pure  hydrochloric  acid.  Thus  Walker  found  that  whilst 
the  rate  of  catalysis  of  methyl  acetate  by  normal  hydrochloric  acid 
was  0*00315,  the  rate  of  catalysis  by  normal  urea  hydrochloride  under  the 
same  conditions  was  0001 74.  Consequently  the  value  0  00 174/0*00315 
■•0*55  is  obtained  as  a  Brst  approximation  to  the  extent  of 
hydrolysis  of  urea  hydrochloride  under  the  given  conditions.  In  other 
words  a  normal  solution  of  urea  hydrochloride  contains  less  than  half 
the  urea  hydrochloride  as  such,  aSout  55  per  cent,  of  the  whole  being 
decomposed  by  the  water  into  free  urea  and  free  hydrochloric  acid. 

The  rate  of  inversion  of  cane  sugar,  which  rests  on  a  similar  basis, 
is  also  available  for  the  same  purpose,  and  was  applied  by  Walker  an«l 
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A.HtoD   (Trmoft.,    1895,  67,   576)   to   the  salts   of  both  orgtnic   and 
uorganie  baaaa. 

Tbata  mallioda  havaaiooa  baen  employed  b>  o.„c4. ,  ....v  c....tly  with 
a  view  to  oompariDg  baaaa  with  aaoh  other  rather  than  to  determine 
aooaratelj  the  extent  of  hydrolysis  in  any  one  case.  The  object  of  the 
present  rsfeaarch  is  to  investigate  the  conditions  under  which  an  exact 
determination  of  the  hydrolytic  dissociation  is  possible  by  either 
method,  uroa  hydrochloride  being  chosen  as  a  typical  example  of  a  salt 
of  a  very  weak  base.  For  stronger  bases  each  as  aniline  the  more 
ooDveniant  conductivity  method  (Walker,  he.  cU.  333 ;  Bredig,  Zeii. 
pkftikd,  CkiUL,  1804,  13,  321)  may  be  employed  with  advantage. 

JioJ9  qf  Experiment, 

For  a  description  of  the  method  of  experiment,  reference  may  be  made 
lo  Ostwald's  Phiftico- chemical  Measurements ^  pp.  250 — 2,  the  thermostat 
employed  being  of  the  type  figured  on  p.  59  of  that  work.     We  have 

and  that  by  far  the  best  bearing  for  the  stirring -gear  in  the 
buermoatat  is  the  head  of  a  common  pin  working  on  a  concave  glass 
sar£aoe  aneh  as  the  end  of  a  test-tube  fitted  into  a  weighted  cork. 
The  glass  tube  which  forms  the  axib  of  the  stirring-gear  is  drawn  out 
to  a  jet  like  that  of  a  wash-bottle,  and  a  pin  is  inserted  loosely  into 
the  hole  so  that  only  the  head  projects.  The  stirrer  which  we  used 
revolved  on  such  a  pin  for  several  months  without  at  any  time  stopping 
or  requiring  the  slightest  attention. 

In  the  experiments  on  sugar-inversion,  the  polarimeter  was  placed 
alongside  the  thermostat  in  order  that  the  observation  tube  might  be 
heated  by  water  which  passed  at  constant  pressure  through  coils  of 
metal  pipe  lying  under  the  vanes  of  the  stirrer.  The  polarimeter  read 
to  0*01^,  and  the  observation  tube  was  20  cm.  in  length.  We  did  not 
find  it  necesaary  to  use  a  dark  room  to  obtain  accurate  readings,  the 
instrument  being  merely  screened  from  the  direct  light  of  the  windows. 
The  jacket  of  the  observation  tube  was  blackened,  and  the  Landolt 
sodium  lamp  was  contained  in  a  blackened  box,  into  which  the  objective 
end  of  the  polarimeter  projected. 

The  solutions  of  urea  hydrochloride  which  we  a»ed  were  in  every 
case  prepared  by  weighing  out  a  certain  amount  of  urea,  adding  the 
equivalent  quantity  of  an  accurately  normal  bolution  of  hydrochloric  acid 
and  making  up  to  the  requifed  bulk.     Thus  if  50  c.c  of  a  seminormal 

lution  of    urea   hydrochloride    were    wanted,   1*5    grams   of    urea 

•  re   dissolved    in    25    c.c.  of    normal    hydrochloric  acid,   and    the 

lution  made  up  to  50  c.c.  In  the  methyl  acetate  experiments,  20  c.c. 
of  the  solution  were  usually  mixed  with  1  c.c.  of  pure  methyl  acetate ; 
in  the  sugar    inversion  experiments,  equal  volumes  of  the    chloride 
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solution  and  the  sugar  solution  were  mixed,  the  mixing  in  each  case 
taking  place  after  the  solutions  had  reached  the  experimental 
temperature. 

The  formula  used  in  calculating  the  results  was 

li         ^        /^ 
>I3^  =  ^- 
.1    is    the   difference    between    the   initial   and    final  readings,  x  the 
difference  between  the  initial  reading  and  that  at  the  time  t.     C  is 
then  a  constant  which  is  roughly  proportional  to   the  concentration 
of  the  hydrochloric  acid  in  the  solution. 

The  following  numbers  for  one  set  of  experiments  by  each  method 
will  afford  an  idea  of  the  degree  of  accuracy  in  determining  the 
constant. 

N/5  Solution  of  Urea  UydrocHdoridt. — Mtthyl  Acetate  MeUu)d, 


t.         Burette  reading. 

X. 

C. 

0               3-70 

0 

— 

1C5               7-45 

3-75 

0001245 

195               800 

4-30 

0-001261 

217               8-32 

4-62 

0-001249 

247              8-72 

502 

0001235 

367              9-02 

A-. 

5-32 
=  10-20 

Mean 

0001245 

00               13-90 

0001247 

5  Solution  of  Urea  Hi/droclUoride.- 

-Sugar  Inversion  Met/u 

t.                Rotation. 

X. 

C. 

0           +  6-45° 

0 

— 

95               315 

3-30 

0-002358 

113               2-66 

3-79 

0-002388 

130               223 

4-22 

0002419 

151               1-93 

4-52 

0002309 

175               1-45 

5-00 

0002340 

flo  -.1-74  i4«8-19  Mean    0002363 

Id  the  succeeding  portions  of  this  paper,  every  value  of  C  given  is 
the  mean  of  such  a  set  of  determinations. 

It  has  already  been  stated  that  the  value  of  the  constant  C  is  only 
roughly  proportional  to  the  amount  of  free  hydrochloric  acid  present 
in  the  solution  of  the  hydrochloride  of  a  weak  base.  Change  in  the 
degree  of  electrolytic  dissociation  of  the  hydrochloric  acid  and  the 
direct  action  of  the  undecomposed  hydrochloride  on  the  velocity 
constant  are  the  chief  disturbing  factors.     The  principle  of  procedure 
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which  we  therefore  adopted  wm  to  make  a  rough  determinatioa  of  the 
hjdroljBie  as  above  iDdicated,  and  then  to  prepare  a  solutioo  which 
•hould  oontain  hydrochloric  acid  and  neutral  chloride  in  the  pro- 
portions shown  by  the  preliminary  experiment,  this  solution  being 
then  compared  directly  against  the  urea  solution.  For  example  a 
preliminary  experiment  with  a  semiuormal  solution  of  urea  hydro- 
iiloride  at  2b°  when  investigated  by  the  methyl  acetate  method, 
iiowed  that  t  he  hydrolysis  was  about  65  |:ier  cent.  A  solution  was  there- 
:  ore  prepared,  which  was  seminormal  with  respect  to  total  chloride,  but. 
contained  65  per  cent,  of  this  as  free  hydrochloric  acid  and  35  per  cent,  as 
neutral  so !  '  '  ride.  This  solution  was  then  compared  directly  with  a 

solution  o:  i  mal  urea  hydrochloride,  the  same  quantity  of  methyl 

acetate  being  added  to  each.  As  the  rate  of  catalysis  was  in  both  cases 
nearly  the  same,  any  disturbing  influence  such  as  a  slight  fluctuation 
■  u  the  temperature  of  the  thermostat  affected  both  solutions  equally  at 
similar  stages  of  the  reaction,  so  that  the  results  obtained  are  strictly 
comparable.  Under  these  conditions  the  value  of  C  for  urea  hydro- 
chloride was  0001081  and  for  the  known  solution  0-001021.  We 
conclude  therefore  that  the  amount  of  hydrolysis  in  the  urea  hydro- 
chloride solution  is  — ~^~ — «68*8   per  cent.     Since  the  error  in 

the  mean  value  of  C  is  under  1  per  cent.,  the  hydrolysis  value  may  be 
t^en  as  having  a  similar  degree  of  accuracy. 

In  the  above  experiment  we  have  neglected  the  effect  of  the  free 
urea  as  affecting  the  catalytic  power  of  the  free  hydrochloric  acid. 
This  we  are  justified  in  doing,  since  the  displacement  of  small 
quantities  of  water  in  the  solution  by  another  non-electrolyte,  has 
been  frequently  shown  to  have  no  effect  on  the  velocity  constant  of 
the  particuUr  reaction  considered. 

It  might  reasonably  be  objected  that  the  hydrolysis  found  above  is 
not  the  value  which  would  be  obtained  in  a  pure  aqueous  solution  of 
urea  hydrochloride,  since  the  solution  actually  considered  contained 
about  4  per  cent,  by  weight  of  methyl  acetate.  The  following 
experiments  made  with  seminormal  solutions  at  35°  show  that  this 
objection  has  little  weight,  for  practically  the  same  hydrolysis  was 
found  whether  0*5,  1  or  2  c.c.  of  methyl  acetate  were  added  to  20  cc 
[of  solution. 

Methvl  aceUte      68  per  cent.  HG  + 

added.  82  per  eent/KaCl.  Urea  hydrochloride.         Hydrolysis. 

0  5  ex.  C- 0-00257  C- 000255  0  675 

1-0   „  249  249  0-680 

20    ,.  257  '^'4  0-672 

It  may  therefore  be  safely  concluded  that  tne  hydrolysis   value  in 
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pure  aqueous  solution  will  not  differ  greatly  from  the  value  obtained 
in  the  actual  solution  investigated. 

When  the  sugar  inversion  method  was  employed,  the  solutions 
contained  5  per  cent,  of  cane  sugar,  but  here  also  the  quantity  of 
sugar  present  has  little  influence  on  the  extent  of  hydrolysis,  as  the 
following  experiments  at  35°  serve  to  prove. 

Cane  sugar  82  i)er  cent.  HCl  -f 

preseut.  18  per  cent.  NaCl.      Uiea  hydrochloride.       Hydrolysis. 

5  per  cent.     0  =  0*00235     0  =  0*00236      0*823 

10    ..  249  252      0*830 


Comparison  qf  the  Methods. 

That  the  methyl  acetate  and  cane  sugar  methods  lead  to  the  same 
results  is  apparent  from  the  subjoined  tables. 


N/4  solutions  at  25". 

Method.  Comparison  solution.  Hydrolysis. 

Cane  sugar 75*6  per  cent.  HOI  +  24*4  per  cent.  NaCl     0*785 

78*0         „  „    +220        „  „         0-783 

Methyl  acetate .  75'6         „  „    +24*4        „  „         0790 

Mean 0*786 


N/4  solutions  at  35°. 

Cane  sugar 79  per  cent.  HCl  +  21  per  cent.  NaCl  0*793 

Methyl  acetate .         „              „                „             i>  0*790 

Mean 0*791 


N/5  solutions  at  35°. 

Cane  sugar 82  per  cent.  HCl  + 18  per  cent.  NaCl  0-823 

Methyl  acetate .        „               „                »              »  0*820 

Mean 0*821 


N/10  solutiotis  at  35°. 

GaDe  sugar 89-5  per  cent.  HCl  + 10*5  per  cent.  HCl  0*908 

Methyl  acetate.           ,.               .,                                  „  0-90-3 

Mean 0*905 
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So  far  then  as  re«ulU  are  oooearned,  we  maj  ohooM  either  method 
a«  suits  our  roDvenience.  The  chief  advantage  of  the  methyl  acetate 
method  is  that  no  expensire  apparatus  is  rec|uired.  On  the  other 
hand  it  is  somewhat  lees  rapid  than  the  eane  sugar  method,  a  con- 
sideration which  may  be  of  importance  when  experimoDte  are 
conduct^  in  very  dilute  solution  or  at  a  low  temperature. 

A  tpecial  set  of  experiments  was  made  by  the  methyl  acetate 
method  in  order  to  ascertain  the  effect  of  temperature  on  the 
hydrolysis  in  such  a  range  as  would  ordinarily  be  adopted  in 
dealing  with  weak  bases  like  urea.  In  geceral,  it  has  been  found  that 
there  is  a  slight  increase  in  the  amount  of  hydrolysis  with  rise  of 
temperature,  the  effect  depending  ultimately  on  the  relative  values 
of  the  heat  of  ionisation  of  the  weak  base  and  of  water.  The  results 
obtained  by  us  for  urea  were  as  follows. 


CoDcentrmtion. 

HydrolysU  at  25*. 

Hydrolysis  at  40*. 

AI2 

0-684 

0-680 

y/4. 

0-792 

0-801 

y/io 

0-905 

0-906 

The  numbers  obtained  sgree  so  closely  that  we  may  assume  the 
degree  of  hydrolysis  within  the  range  considered  to  be  practically  un- 
affected by  the  temperature.  This  result  is  in  agreement  with  the 
experiments  of  Fawsitt  on  the  decomposition  of  urea  (Zeit.  physikal. 
Chem,,  1902,  41,  627). 

Injluenee  of  DUtUion, 

It  was  proved  experimentally  by  Walker  {loe.  «*/.,  326)  that  in 
normal  solutions  of  hydrochloric  acid,  to  which  varying  amounts  of 
urea  had  been  added,  the  hydrolysis  equilibrium  was  governed  by  the 
following  law : 

(Free  scid)x  (Free  base)   _   ConsUnt. 
(Salt) 

The  discussion  of  this  oase,  from  the  point  of  view  of  the  ionisation 
hypothesis,  was  afterwards  given  by  Arrhenius  {Zeti.  phytikal.  Cham,, 
1890,  5,  16).  If  we  apply  the  above  general  law  to  the  case  in  which 
the  urea  and  the  acid  are  always  present  in  equivalent  proportions, 
the  dilution  of  the  solution  alone  being  subject  to  variation,  we  obtain 
an  expression  resembling  Ostwald's  dilution  law  for  binary  electro- 
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lytes.  Let  x  be  the  hydrolysed  proportion  of  the  salt,  I  —x  the  un- 
hydrolysed  proportion,  and  v  the  volume  in  which  1  gram-molecule  of 
the  salt  is  dissolved,  then  we  find  the  hydrolysis  to  be  regulated  by 
the  equation : 

_J^ k. 

(1'X)V 

If  we  calculate  the  value  of  the  constant  k  from  Walker's  results  in 
normal  solution  at  25°,  we  find  it  to  be  A:  =  0*781.  From  this  constant 
we  may  now,  by  means  of  the  above  equation,  calculate  the  degree  of 
hydrolysis  x  for  the  dilutions  employed  by  us  and  compare  the  numbers 
obtained  with  the  direct  results  of  our  experiments.  The  comparision 
is  given  in  the  following  table  : 


•. 

X  cilc. 

X  found  (I). 

X  found  (II) 

2 

0-693 

0-684 

0-684 

4 

0-797 

0-792 

0-791 

6 

0-826 

0-820 

— 

10 

0-897 

0-905 

0-893 

The  agreement  between  the  second  and  third  columns  is  as  satis- 
factory as  could  be  expected.  The  values  in  the  fourth  column  were 
obtained  in  solutions  which,  although  having  the  concentration  given 
by  the  first  column  with  respect  to  urea  hydrochloride,  were  all 
made  seminormal  with  respect  to  total  chloride  by  the  addition  of 
an  appropriate  amount  of  sodium  chloride  ;  an  equal  amount  of  sodium 
chloride  was  of  course  added  to  the  comparison  solution.  In  this  set 
of  experiments  therefore  the  amount  of  highly  ionised  electrolyte 
present  was  the  same  at  all  dilutions.  The  effect  of  the  addition  of 
the  electrolyte  is  small,  but  quite  perceptible  at  the  highest  dilution, 
and,  on  the  whole,  the  results  are  slightly  more  concordant  with  the 
calculated  values.  Similar  experiments  were  made  at  40°  and  again 
the  same  slight  lowering  of  the  hydrolysis  by  the  addition  of  sodium 
chloride  was  observed. 

«.  Without  sodium  chloride.    With  chloride  up  to  N/2. 

4  0-801  0-794 

10  0-906  0-900 

A  similar  reduction  of  the  degree  of  hydrolysis  by  the  addition  of 
sodium  chloride  was  obtained  both  at  25°  and  40^  when  acetoxime 
was  substituted  for  urea  as  base. 

Adopting  the  value  0781  as  the  value  of  the  hydrolysis  constant 
for  urea  hydrochloride,  we  obtain  at  25°  the  value  1*5  x  10~'^  as 
the  dissociation  oonstant  of  urea  (compare  van't  Ho£F)  Leehtrmf 
Vol.  I.,  132). 
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Smmmmy, 

A  oompariaoD  method  is  described  which  permits  the  hydrolysis  of 
A  salt  such  as  urea  hydrochloride  to  be  determined  by  the  catalysis 
of  cane  sugar  or  of  methyl  acetate  with  an  error  not  exceeding  one 
per  c«nt« 

The  rasulto  obtained  with  cane  sug^r  and  with  methyl  acetate  are 
identieal. 

Within  the  range  of  25 — 40^,  temperature  has  practicidly  no  influ- 
iDcc  OD  the  hyJroIysifl  of  urea  hydrochloride. 

The  influence  of  dilution  on  the  hydrolysis  of  urea  hydrochloride  is 

expressed  by  the  reUtion  y- r-  -•  constant. 

(1  -x)v 

The  addition  of  sodium  chloride  very  slightly  diminishes  the  degree 
of  hydrolysis. 

The  dissociation  constant  of  urea  calculated  from  the  hydrolytic 
experimento  is  1*5  x  10 '^^  at  25^ 

UffiTXMrrr  Collbgs, 

DUXDRX. 


I 


LV. — Decomposition  of  Mercurous  Nitrite  by  Heat. 

^j  Prafdlla  Chakdra  RAt  and  Jatindra  Nath  Sen,  M.A.,  Oovem- 
moit  of  Bengal  Research  Scholar,  Presidency  College,  Calcutta. 

Wmnr  describing  mercurous  nitrite  in  1896,  one  of  us  ventured  to 
express  the  hope  that  this  salt  would  prove  to  be  the  analogue  of  silver 
nitrite  in  all  essential  properties  (Zeit.  anorg.  Chem.t  1896,  12,  365), 
and  has  since  shown  that,  by  interaction  with  ethyl  iodide,  the  sub- 
stanoe  yields  both  ethyl  nitrite  and  nitroethane,  and  that  in  this 
production  of  nitroethane  much  nitric  oxide  is  evolved  {Annalen,  1901, 
316,  250).  A  study  of  the  action  of  heat  on  mercurous  nitrite  has 
emphafrised  the  likeness  between  this  oomponnd  and  the  silver  salt. 

The  meroorons  nitrite,  in  a  thin  layer,  was  heated  in  vacuo  in  a 
tube  connected  with  a  Sprengel  pump.  In  the  first  experiment,  a 
portion  of  the  tube  was  blown  into  a  bulb,  which  was  kept  immersed 
in  a  freezing  mixture  in  of^er  to  liquefy,  if  possible,  the  nitric  oxide 
evolved ;  but  as  none  of  the  gas  could  be  thus  condensed,  the  bulb 
was  discarded  in  subsequent  experiments.  The  tube  was  generally 
heated  by  means  of  a  Bunsen  burner,  but  sometimes  by  a  spirit  lamp, 
keeping  the  flame  rather  low.  Care  was  taken  to  localise  the  heating 
to  the  lower  side  of  the  tube  and  to  just  that  part  of  it  on  which 
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the  nitrite  rested,  but  no  attempt  was  made  to  carry  out  the  de- 
composition at  a  fixed  temperature  throughout.  Heating  for  nearly 
two  hours  at  195°  failed  to  decompose  the  salt  completely.  The 
temperature  of  decomposition  in  our  experiments  was  probably  about 
250'^. 

The  decomposition  was  complete  in  about  two  minutes.  Almost 
from  the  outset  it  was  noticed  that  colourless  needles  of  mercurous 
nitrate  began  to  shoot  out  from  the  upper  wall  of  the  tube  somewhat 
away  from  its  heated  part,  and  also  that  a  thin  layer  of  yellow  basic 
nitrate,*  intermixed  with  minute  globules  of  mercury,  was  deposited 
at  the  sides.  The  residue,  consisting  of  mercuric  oxide,  was  dull  red 
whilst  hot,  but  on  cooling  became  orange-coloured.  It  is  generally 
stated  that  mercuric  oxide  prepared  by  dry  methods,  cither  by  direct 
oxidation  of  the  metal  or  by  heating  mercurous  nitrate,  is  red  and 
crystallino,  but  the  variety  here  obtained  was  an  orange-coloured, 
amorphous,  impalpable  powder,  resembling  more  the  precipitated  oxide, 
and  therefore  containing  possibly  a  trace  of  basic  nitrate.  Scarcely 
any  nitrous  fumes  were  noticed  until  the  later  stages  of  the  heating, 
when  a  faint  reddish-brown  colour  could  be  seen ;  the  indisputable 
proof  of  the  evolution  of  some  nitrogen  peroxide  lay,  however,  in  the 
soiling  of  the  mercury  in  the  pump.  The  gas,  which  was  collected  and 
measured,  consisted  of  pure  nitric  oxide  almost  completely  absorbed 
by  a  concentrated  solution  of  ferrous  sulphate. 

Mercurous  nitrite  contains  5*70  per  cent,  of  nitrogen,  of  which,  in 
different  experiments,  3-65,  3*20,  370,  305,  2-93,  and  4*21  per  cent, 
wore  obtained  as  nitric  oxide.  In  the  experiment  which  gave  the  last 
quantity,  the  tube  had  been  more  strongly  heated,  and  most  of  the 
nitrate  was  thereby  decomposed.  Omitting  this  one,  the  mean  of  the 
other  numbers  is  3*31.  In  the  omitted  experiment  and  in  the  one  which 
gave  2*93  per  cent,  of  nitrogen  as  nitric  oxide,  the  nitrogen  as  nitrate 
in  the  residue  was  determined  by  the  Dumas  method.  In  the  former 
case,  it  was  0*77  per  cent.,  and  in  the  latter  2*23  per  cent.  The  pro- 
duction of  nitric  oxide  equivalent  to  3'26  per  cent,  as  nitric  oxide  and 
2'44  per  cent,  as  nitrate — values  sufficiently  near  to  3*31  and  2*23,  the 
numbers  found — requires  the  following  equation  :  7(HgN02),»8NO  + 
3(HgN03)2  +  2HgO  +  6Hg.  Allowance  for  the  small  quantities  of 
mercuric  nitrate  and  of  nitrogen  peroxide  also  produced  could,  if  they 
were  known,  be  made  in  this  equation  without  affecting  its  general 
character.  As  for  the  former  compound,  its  ascertained  proportion,  to- 
gether with  its  equivalent  of  mercury,  would  then  take  the  place  of 
the  corresponding  quantity  of  mercurous  nitrate.  The  esoapiDg 
nitrogen  peroxide  gives  rise  to  mercurous  nitrate,  which  is  lost  in  the 

*  Tho  composition  of  this  basic  mercurous  nitrate  will  be  discussed  in  a  forth' 
coming  paper  on  morcuroso* mercuric  nitrates. 
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{•ump,  and  to  nitric  oiide,  which  panM  through  with  the  rest  of  thin  ga« 
lireotlj  produced  in  the  deoomposition.  For  example,  the  differenoe 
•otween  5*7,  the  total  nitrogen,  and  the  sum  of  3'31  and  2*23,  found 
iH  nitric  oxide  and  nitrat«,  ia  0*16,  which  ia  nearly  0*4  in  7(HgN0,),. 
Taking  this  to  have  been  lost  as  NO,  in  the  mercury  of  the  pump,  the 
above  equation  becomes 7(HgN0,),  -  7*6NO  +  O'iN^O^  +  2  8(UgN0,),  + 
3HgO-l>6  4Ug. 

Repeated  attempts  were  made  to  determine  directly  the  proportions 
of  the  oomponents  of  the  heterogeneous  residue  in  the  tube,  but 
without  sueeeas  in  obtaining  lestilts  consistent  either  with  the  com- 
p>ii!ids  which  oould  be  seen  on  inspection  or  with  the  amount  of 
lutnc  oxide  measured.  The  method  consisted  in  gently  shaking  the 
contents  of  the  tube  with  cold  dilute  nitric  acid  (sp.  gr.  1*100).  A 
clear  solution  was  quickly  obtained,  some  globules  of  mercury  only 
being  left.  The  mercurous  and  mercuric  radicles  in  the  solution  were 
estimated  in  the  usual  way,  whilst  the  undissolved  mercury  was  not 
weighed,  but  its  quantity  calculated  by  difference.  The  method 
evidently  failed  in  consequence  of  much  of  the  mercuric  oxide  and 
mercury  going  together  into  solution  as  mercurous  salt,  in  spite  of 
the  efforts  made  to  prevent  this  happening. 

It  will  be  seen  that  the  results  of  heating  mercurous  nitrite  serve 
'o  confirm  those  obtained  by  Divers  and  Shimidzu  with  silver  nitrite 
,  Prans.,  1885,  47,  634).  These  chemists  have  shown  that  silver 
nitrite  is  not  directly  converted  into  nitrate  through  oxidation  by 
the  nitrogen  peroxide,  but  indirectly  from  the  reduced  metal  acting 
on  the  gas.  Silver,  however,  being  nonvolatile,  they  had  to  perform 
other  experiments  in  order  to  prove  the  point.  In  our  case,  such 
control  experiments  have  been  unnecessary,  because  of  the  volatility 
of  mercury.  Its  vapour,  acting  upon  that  of  the  peroxide  when  both 
are  set  free  from  the  nitrite,  forms  mercurous  nitrate,  which  is 
deposited  on  the  tube  in  the  manner  described,  only  a  small  fraction 
of  the  mercury  remaining  in  the  free  state.  The  decomposition  of 
the  salt  would  seem,  then,  to  proceed  in  the  following  manner : 
(HgN0^2«2Hg  +  (N02)2,  being  followed  by  a  secondary  reaction* 
J(NO)NO,  +  2Hg-(HgNO,)2  +  2NO,  almost  simulUneously  set  up, 
as  already  shown  by  Divers  and  Shimidzu. 

When  the  non-oxylic  constitution  of  mercurous  nitrite  is  adopted, 
the  formation  of  the  mercuric  oxide  has  to  be  explained  as  being 

• 
*  lUniMyand  CuDdall  found  that  when  a  mixture  of  nitric  oxide  and  nitrogen 
peroxide  is  kept  orer  mercnry,  the  rolome  of  the  gtsee  remains  conttant,  and  that 
the  metal  is  not  apparently  attacked  (Trans.,  1885,  47,  191),  and  think  it  probable 
that  the  care  which  waa  tidcen  in  drying  the  product  was  the  cause  of  the  mercury 
remaining  onattacked.  We  are  also  of  opinion  that  it  is  the  presence  of  traces  of 
moisture  which  brings  about  the  reaction. 
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due  either  to  the  oxidation  of  the  metal  by  the  nitrogen  peroxide 
Hg  +  NO2  =  HgO  +  NO,  or  to  the  decomposition  of  the  nitrate, 
HgNOg  =  HgO  +  NOg.  The  oxide  was,  however,  formed  in  the  tube 
just  where  the  nitrite  lay  at  the  beginning  of  the  experiment,  and 
care  was  always  taken  during  the  heating  not  to  disturb  the  nitrate 
on  the  upper  Fide  of  the  tube.  Hence,  another  explanation  seems  to 
be  required.  The  one  that  occurs  to  us  is  that,  under  the  influence  of 
heat,  the  atoms  in  some  of  the  molecules  of  the  nitrite  arrange  them 
selves  as  Hg'NOg,  the  non-oxylic  form,  and  in  others  assume  the 
oxylic  form,  HgO'NO,  scission  taking  place  in  each  case  at  the  indi- 
cated point.  The  decomposition  of  the  salt  eeems,  then,  to  proceed 
simultaneously  in  both  directions,  *  unless  conditions  favourable  to 
one  mode  of  decomposition  causes  this  to  predominate  over  the  other. 
Thus  the  thinness  of  the  layer  of  the  salt,  and  the  degree  of  sudden- 
ness in  imparting  heat  are  both  operative  in  modifying  the  result. 

This  view  of  the  constitution  of  mercurous  nitrite  is  also  quite  in 
keeping  with  the  fact  that  it  gives  rise  to  both  nitroethane  and  ethyl 
nitrite.  In  the  case  of  silver  nitrite,  we  have  no  means  of  either 
proving  or  disproving  this  view.  The  silver  oxide,  supposing  it  to  be 
formed  J  would  at  once  break  up  into  metallic  silver  and  free  oxygen, 
and  the  latter  would  then  combine  with  the  nitric  oxide  to  form  the 
peroxide.  Thus,  as  far  as  silver  nitrite  is  concerned,  it  would  make 
no  difference  whether  we  accept  the  oxylic  or  non-oxylic  constitution 
of  the  salt,  or  both.  Fortunately,  owing  to  the  stability  of  mercuric 
oxide  at  the  temperatures  at  which  we  conducted  the  experiments,t 
the  heating  of  mercurous  nitrite  affords  evidence  that  both  views  are 
correct. 


LVI. — Action   of    Phosphonis    Haloids     on    Dihydro- 

resoivins.     Part  IL     Dihydroresorcin. 

By  Arthur  William  Crossley  and  Paul  Haas. 

In  so  far  as  their  action  has  been  studied,  the  phosphorus  haloids  react 
with  dihydroresorcin,  as  if  it  possessed  the  following  formula  : 

CH.i<CH^-C(OHr^^'^* 

in  fact,  in  an  exactly  similar  way  to  that  already  described  in  the  case 
of   dimethyldihydroresorcin    (this    vol.,    110).      There    is,  however, 

•  ComiMiro   •♦  A  Study  of  the  Dynatnio  Isomerism  of  Thionren  and  Ammonium 
Thiocyanate '•  (Reynolds  and  Werner,  this  vol.,  p.  IX 
f  Thia  we  have  proved  by  a  blank  experiment. 
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one  verv  notire*oio  aiiionMire  otnwoen  tiio  oonaviour  oi  «iiny<iro- 
rwordn  and  that  of  iu  dimethjl  derivative,  for  whereas  the  latter  ii 
quite  ftUble  in  air,  the  former  can  only  be  kept  for  a  limited  time 
without  undergoing  decomposition,  and  its  derivatives  decompose,  for 
t  he  mo«i  part,  within  a  few  hours  of  their  production. 

With'   phosphorus     trichloride,     dihydroresorcin     gives     rise     to 

b^JUoro-Z4Mi<hA*'t4irak^roUntene,  CH,<^^«^>CH,  from  which 

a  semiearhaione  can   be   readily   prepared,  and  as  on  oxidation  it 
yields  nothing  but  glutario  acid,  it  must  possess  the  above  formula. 
PlMMphoms  tribromide  leads  to  the  formation  of  the  corresponding 

Dihydroresorcin  is  very,  vigorously  acted  on  by  phosphorus  penta- 
chloride     and    is     converted    into    S  :6'diehlarO'£k^'*dihi/drobemene, 

CHVQLrlQrii^^By   *  substance    which  decomposes   with   unusual 

rapidity,  and  which,  on  this  account,  could  not  be  obtained  analytically 
pure.  There  can,  however,  be  no  doubt  as  to  the  constitution  of  this 
subttance,  for  on  solution  in  glacial  acetic  acid  saturated  with 
hydrogen  chloride  it  is  completely  reconverted  into  dihydroresorcin  or 
its  hydrochloride,  and  on  oxidation  wjth  potassium  permanganate, 
gives  rise  to  succinic  acid  (compare  Trans.,  1902,  81,  821) : 

The  oxidation  takes  place  very  readily  in  the  cold,  and  is  a  far- 
reaching  one,  as  the  majority  of  the  dichloride  appears  to  be  converted 
into  carbon  dioxide  and  water,  whereas  in  the  case  of  dichlorodi- 
methyldihydrobenzene  {tbul.,  p.  830)  potassium  permanganate  acts 
only  very  slowly  in  the  cold,  and  when  the  solution  is  boiled  a  good 
yield  of  the  oxidation  products  is  obtained.  The  oxidation  of  chloro- 
and  bromo-ketotetrahydrobenzenes  is  also  much  more  vigorous  than 
with  the  corresponding  derivatives  of  dimethyldihydroresorcin. 

It  has  been  shown  that  when   dichlorodimethyldihydrobenzene  is 

acted  on  with  excess  of  phosphorus  pentachloride  (Trans.,  1902,  81, 

1536)  it  is  converted  into  3  : 5-dichloro-o-xylene,  and  dichlorodibydro- 

henzene  undergoes. a  similar    change,    giving   rise    to    3 : 5-dichloro- 

enzene : 

This  conversion  of   a  hydroaromatic   compound  into  an  aromatic 

^  ibstance  is  also  readily  brought  about  by  bromine ;  for  if  dichlorodi- 

ydrobenzene  be  dissolved  in  dry  chloroform  and  a  solution  of  bromine 

in  chloroform  added,  the  latter  is  rapidly  decolorised.     On  evaporating 
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off  the  chloroform  and  distilling  the  residue,  hydrogen  bromide  is 
evolved,  and  the  resulting  liquid  consists  for  the  most  part  of 
m-dichlorobenzene,  as  was  proved  both  by  analysis  and  by  the 
production  of  its  mono-  and  dinitro-derivatives  melting  at  33'^  and 
102°  respectively  (compare  Kiirner,  Jahresber.^  1875,  323). 

This  research  was  originally  undertaken  with  the  view  of  preparing 
the  corresponding  hydrocarbon  from  dichlorodihydrobenzene. 

Baeyer  was  the  first  to  prepare  dihydrobenzene  by  eliminating  two 
molecules  of  hydrogen  bromide  from  1  : 4-dibromohexahydrobenzene 
by  the  action  of  quinoline  (AnnaleUy  1894,  278,  94),  and  thus 
obtained  a  liquid  boiling  at  84 — 86°,  which  gave  a  reddish-violet 
coloration  with  alcoholic  sulphuric  acid,  and  which  on  treatment  with 
bromine  in  chloroform  solution  was  conv^ted  into  a  tetrabromide 
melting  at  184 — 185°  {ibid.f  p.  96).  As  Baeyer  poinds  out  (ibid.j  p.  113), 
there  are  two  possible  formulae  for  a  hydrocarbon  produced  in  this 
manner : 

CHBr  CH  CH 

CHBr  CH  CH 

Markownikoff  (Annalen,  1898, 302,  33)  has  since  expressed  the  belief 
that  Baeyer's  hydrocarbon  was  a  mixture  of  the  two  isomerides, 
because  by  fractional  crystallisation  of  the  tetrabromide  he  obtained 
substances  of  not  quite  constant  melting  point. 

Markownikoff  also  treated  dichlorohexahydrobenzene  with  quinoline, 
and  thus  prepared,  from  separate  fractions  of  the  dichloro-derivative, 
hydrocarbons  with  different  properties.  Thus  from  the  fraction 
190—192°  he  obtained  a  hydrocarbon  boiling  at  83— 86^  which  gave 
with  alcoholic  sulphuric  acid  a  raspberry-red  coloration,  and  on 
treatment  with  bromine  furnished  a  crystalline  tetrabromide  melting 
at  184°;  whereas  from  the  fraction  196 — 198°  there  resulted  a 
hydrocarbon  boiling  at  83 — 86°,  developing  a  dark  bluish-violet 
coloration  wilh  alcoholic  sulphuric  acid  and  yielding  principally  an 
oily  tetrabromide  from  which  small  quantities  of  the  solid  melting 
at  184°  separated.  The  hydrocarbon  obtained  from  the  fraction 
194 — 196°  gave  a  liquid  bromide,  which  deposited  crystals  melting  at 
108°  and  decomposing  at  170°,  probably  identical  with  the  dibromo- 
dihydrobenzene  described  on  page  504. 

Markownikoff  ooncludcs   that   the    hydrocarbon   which  gave   the 

CHCH 
tetrabromide  melting  at  184°i8A^  Mihydrobeniene,  CHj/^         J^^ 

(1h7ch 
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ami  that  jMldiog   the   liquid   tetrabromide   it   A^^^-dihydrobeoMne 
OH  CH 

Cll  CH 
It  has  been  recently  sbown  (Trans.,  1902,  81,  832)  that  the  di- 
methjldihydrobenseDe  obtained  bj  replacing  the  two  chlorino  atoms 
in    cUchlorodimethyldihydrobenzene    by   hydrogen   is   really    l:l-di- 

CH  CH 

methyl-A*  Mihydrobenxene,  CMe,/^     ""^^^     •^**®  position  of  the 

cii^cH 

double  bonde  in  this  compound  is  that  which  has  been  dealt  with  by 
Thiele  (AmtaUn,  1899, 306,  87)  io  his  theory  of  partial  saturation  ;  and 
this  hydrocarbon  is  characterised  by  the  fact  that  it  only  absorbs  two 
atoms  of  bromine  or  one  molecule  of  hydrogen  bromide,  the  substance 
obtained  in  the  latter  case  being  5bromo-l  :  1 -dimethyl- A'- totrahydro- 

bensene,  CMe,<^y«^^^^H  (Tran?.,  1902,  81,  825). 

It  was  therefore  expected  that  dichlorodihydrobenzene, 

CH  CCl 

CHjCCl 

would  give  rise  to  a  hydrocarbon  exhibiting  similar  properties,  and 
SQch  proves  to  be  the  case. 

Unfortunately,  the  hydrocarbon  obtained  by  treating  dichlorodi- 
hydrobenzene  with  sodium  in  moist  ethereal  solution  is  not  homo- 
geneous, for  the  reaction  does  not  cease  with  the  replacement  of  chlorine 
by  hydrogen,  bat  the  resulting  dihydrobenzene  is  further  acted  on, 
being  partially  converted  into  tetrahydrobeDzene,*and  probably  some 
hexabydrobenzene  is  also  produced. 

On  oxidation,  adipic  and  succinic  acids  result ;  the  latter  from  the 
oxidation  of  dihydrobenzene, 


^^s<CH,CH^°         "^  ^^2<chVcO,U 


[and  the  former  from  the  tetra-  or  hexa-hydrobenzene. 

The  mixture  of  hydrocarbons  gives  a  reddish- violet  coloration 
{with  alcoholic  sulphuric  acfd,  and  a  nitrosochloride,  which,  although 
fivpeatedly  recrystallised  from  methyl  alcohol,  had  a  constant  melting 
point,  142^,  whereas  the  nitrosochloride  of  tetrahydrobenzene  melts  at 
152—153°  (Baeyer,  AnnaUm,  1894,  278,  109).  Owing,  however,  to 
the  small  amount  of  material  obtained,  it  was  impossible  to  decide 
whether' this  substance  was  a  mixture  or  not. 
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When  the  mixture  of  hydrocarbons  is  treated  with  bromine  in 
chloroform  solution,  only  two  atoms  are  absorbed.  In  two  experiments 
with  different  preparations,  138*6  and  1345  (calc.  160)  were  obtained 
for  the  bromine  absorption,  the  lowness  of  the  results  being  probably 
due  to  the  presence  of  some  hexahydrobenzene. 

It  is  important  to  notice,  however,  that  there  was  no  substance 
present  which  absorbed  more  than  two  atoms  of  bromine,  nor  was 
any  trace  of  dihydrobenzene  tetrabromide  (m.  p.  184°)  obtained  on 
evaporating  off  the  chloroform  ;  *  but  transparent  crystals  melting  at 
1045°  separated,  and  these  on  analysis  gave  numbers  agreeing  with 
the  formula  CgHgBrg.  It  seems,  therefore,  most  probable  that  this 
substance  is  the  dibromide  of  A^* ^-dihydrobenzene  : 

It  is  certainly  not  an  aromatic  compound,  for  it  decomposes  with 
evolution  of  hydrogen  bromide  slowly  in  air,  more  readily  in  txicuo 
or  on  heating  at  170°,  and  in  the  latter  case  a  vapour  is  given  off 
which  burns  with  a  smoky  flame ;  moreover,  it  is  slowly  attacked  by 
potassium  permanganate  in  the  cold  and  readily  on  waiming. 

If  further  experiments  support  these  conclusions,  then  the  hydro- 
carbon produced  by  the  above  method  from  dichlorodihydrobenzene 

is  A^ ''-dihydrobenzene,  CHo^prr  .riu^CH,   and   the   hydrocarbon, 

which   gives   a   solid   tetrabromide   melting    at    184°  would   be   the 

Ai=*-dihydrobenzene,  CH<^2  Pc^^^^- 

The  authors  are  at  present  conducting  a  series  of  experiments  on 
the  action  of  reducing  agents  on  dichlorodihydrobenzene  and  other 
similarly  constituted  compounds,  in  the  hope  that  the  information  so 
acquired  will  afford  a  method  for  preparing  the  pure  dihydrobenzene 
when  the  whole  question  will  be  more  fully  investigated. 


£XPERI  MENTAL. 

Phoajifioitis  Trichloride  and  Dihydrorworoin, 

Twenty  grams  of  dihydroresorcin  (3  mols.),  prepared  according  to 
directions  given  by  Merling  (Annalen^  1894,  278,  20),  were  dissolved 
in  80  grams  of  dry  chloroform,  8*2  grams  of  phosphorus  trichloride 
(1  mol.)  added,  and  the  whole  heated  on  a  water-bath  for  2  hours, 
during  which  time  a  considerable  quantity  of  hydrogen  chloride 


•  Tho  dibromide  of  tetrahydroWnzeue  is  a  liquid  boiling  nt  216—220*  under 
713  inui.  pressure  with  only  slight  decomposition  (Baeyer,  AnnaUHt  1894,  278. 
108). 


ON   DIRTDRORKSOEOIKS.      PAUT   II.      DIHYDUORKKOROIH.     499 

•volT«d.  The  liquid  prodoot  of  raMtioD  was  poured  into  ice-oold 
water,  eziracted  with  other,  the  ethereal  aoIatioD  washod  with  aqoeoni 
sodium  hydroxide  end  then  with  water,  earofully  dried  over  calcium 
chloride,  and  the  ether  and  chloroform  distilled  o£f,  a  method  of 
procedure  which  was  also  adopted  in  other  similar  preparations 
'-flcrihedin  this  oommunication. 
The  reeidue  was  then  purified  hy  distillation  under  diminished 
and  the  chlorine  determined  : 


0*S183  gave  0-2418  AgCl.     Cl-27  44. 

C^HyOCl  requires  CI  >  27*20  per  cent. 

5CMcro^^k€io-£i*-Utrakydrob9nmne,  CHj<^g«;J^^|>CH,i8acolour- 

•  -^ji,  highly  refractive  liquid  boiling  at  104°  (24  mm.),  and  possesses  a 
somewhat  camphorous  odour.  It  slowly  turns  yellow,  decomposes,  and 
depaeits  crystals,  which  were  washed  by  decantation  with  cold  acetone, 
dried  on  porous  plate  and  then  in  a  vacuum,  when  they  melted  at 
130 — ISS'' with  evolution  of  gas,  and  gave  the  following  Ogures  on 
analysis  : 

0*3084  gave  01972  AgCl.     CI  -  2341. 

C^HjOjCl  requires  CI  =  23*90  per  cent. 

This  substance  was  in  every  way  identical  with  dihydrortsorcin 
hydroddoridef  made  for  comparison  by  dissolving  some  dihydro- 
resordn  in  glacial  acetic  acid  saturated  with  hydrogen  chloride,  when 
clusters  of  prismatic  needles  slowly  separated  from  the  mixture. 
After  puriBcation  in  the  manner  described,  the  crystals  softened  at  125*' 
and  melted  with  evolution  of  gas  at  130 — 135°.  The  hydrochloride 
-  a  very  unstable  subetanoe,  deliquescing  rapidly  on  exposure  to  air, 
iiongh  it  may  be  kept  for  some  time  over  sulphuric  acid  in  a  vacuum. 
It  is  insoluble  in  benzene  and  cold  acetone,  very  readily  soluble  in  cold 
water,  but  can  only  be  obtained  crystalline  by  the  method  just  indicated. 
On  solution  in  any  solvent,  it  is  at  once  deoompoeed  into  dihydroresorcin 
and  hydrochloric  acid,  as  was  proved  by  dissolving  a  few  of  the  crystals 
cold  water  and  adding  formaldehyde  to  the  solution,  when 
)thylenebisdihydroresorcin  melting  at  132 — 133°  was  obtained 
ipore  VoHander,  AnnaUn,  1899,  309,  356).  So  completely  and 
idly  does  this  decomposition  take  place,  that  the  chlorine  may  be 
by  adding  silver  titrate  to  the  solution  of  the  hydrochloride 
cold  water : 

0-2198  gave  0*2130  AgCl.    Ci  -  23*97. 

CjHjOjCl  requires  CI -23*90  per  cent. 

The  chloro-ketone  is   readily  reconverted  into   dihydroresorcin  by 
^lution  in  glacial  acetic  acid  saturated  with  hydrogen  chloride. 
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The  8tmicarbazo7ie,  which  separates  almost  immediately  on  adding 
the  requisite  quantities  of  semicarbazide  hydrochloride  and  potassium 
acetate  dissolved  in  water  to  an  alcoholic  solution  of  the  ketone,  is 
insoluble  in  liglit  petroleum,  soluble  in  boiling  wafer  or  in  cold  alcohol, 
chloroform,  or  acetone,  and  crystallises  from  dilute  alcohol  in  glistening 
flakes  melting  at  190°: 

01609  gave  306  c.c.  moist  nitrogen  at  11°  and  758  mm.     N  =  22'61. 
CyHiyON^Cl  requires  N  =  22-40  per  cent. 

Oxidation  of  Chloroketoletrahydrohenzene. — Thirteen  grams  of  the 
ketone  were  suspended  in  150  c.c.  of  water  and  a  cold,  saturated 
solution  of  potassium  permanganate  added  until  the  colour  of  the 
latter  remained  permanent.  After  filtering  from  the  separated 
manganese  dioxide,  the  liquid  was  evaporated  to  a  small  bulk,  acidified 
with  sulphuric  acid,  and  repeatedly  extracted  with  ether,  when  3*5 
grams  of  a  solid  were  obtained,  which,  after  crystallisation  from 
chloroform  melted  at  96—96-5°  : 

01320  gave  0*2204  CO2  and  00771  HgO.     C  =  4553  ;  H  =  6-48. 
CgHgO^  requires  C  =  45*45  ;  H  =  606  per  cent. 

This  substance  was  further  identified  with  glutaric  acid,  by  con- 
version into  the  anhydride,  which  separated  from  ether  in  long, 
glistening  needles  melting  at  76°. 

Phosphorus  THbromide  and  Diliydro^'tsorein, 

Twenty  grams  of  dihydroresorcin  (3  mols.),  80  grams  of  dry 
chloroform,  and  16  grams  of  phosphorus  tribromide  (1  mol.)  were  used 
in  this  experiment,  which  was  carried  out  exactly  as  described  on 
page  499. 

The  resulting  liquid  was  found  to  distil  constantly  at  133*5 — 133^, 
under  52  mm.  pressure  : 

0-1290  gave  01395  AgBr.     Br  =  46*02. 

CgHyOBr  requires  Br- 45*71  per  cent. 

bBromoZ-keiO'£^'^Utra!iydroh€nz«M,  CH,<^^«^^J^H,  is  a  pftle 

yellow,  highly  refractive  liquid   with  a  somewhat  tarry  odoar.    It 
rapidly  decomposes,  depositing  crystals  of  dihydrofitiorcin  hydrobromidi 

U1224  gave  01 191  AgBr.     Br- 41*40. 

CflUgOgBr  requires  Br- 41*45  per  cent. 

A  specimen  of  the  hydrobromide  was  prepai*ed  by  dissolving 
dihydroresorcin    in    glacial    acetic    acid    saturated    with     hydrogen 
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)>r  Miii  It      (he  erjtUlii  which  gr*(luAlly  aeparatod  were  washed  with 
^•ht  peiroleom,  dried  in  a  vaouum,  and  anal jaed : 

0  13S1  gave  0  1267  AgBr.     Br- 40-81. 

CgH^O,Br  requires  Br*  41*45  per  cent 

The  hjdrobromide  is  insoluble  in  light  petroleum,  readily  soluble  iik 
oold  aioetone,  glacial  acetic  acid,  or  water,  and  in  an  extremely  de- 
liqaeseeoi  sabetanoe.  When  heated  in  a  capillary,  it  softens  at  134"* 
and  melta  with  evolution  of  gas  at  143— 145*^. 

The  mwdomrhawHM  of  bromoketotetrahydrobenzene  crystallii^s  from 
alcohol  in  silken  needles ;  it  melts  and  docomposes,  according  to  the 
rate  at  which  it  is  heated,  at  temperatures  ranging  from  180 — 198°  : 

0*1293  gave  20  cc.  moist  nitrogen  at  20°  and  762  mm.     N-  17*73. 
C^HioONjBr  requires  N  -  1810  per  cent. 

On  oxidation  with  potassium  permanganate,  the  bromo-ketone  yields 
glutaric  acid  melting  at  96*5°,  which  was  further  characterised  by 
conversion  into  its  anhydride  melting  at  56°. 

Pkotpkonu  Pentachloride  and  DUiydroresorein, 

Dihydroresorcin  (100  grams),  phosphorus  pentachloride  (280  grams), 
and  dry  chloroform  (400  grams)  were  used.  As  the  reaction  is  liable 
to  become  violent,  it  is  necessary  to  add  the  pentachloride  in  small 
portions  at  first,  and  when  the  addition  is  complete  the  heating  is  only 
continued  until  all  the  pentachloride  has  gone  into  solution  (10 — 15 
minutes).  The  liquid  was  worked  up  as  described  on  page  499  ;  but 
although  repeatedly  distilled  in  voctio,  an  analytically  pure  product 
(yield  60  per  cent,  of  the  calculated  amount)  could  not  be  obtained, 
owing  to  the  ease  with  which  the  sabstance  decomposes : 

0  1188  gave  0*2078  CO,  and  00458  H,0.     0-48*44 ;  H-428. 
0*2136     „     0*3940  Aj^l.     01-45  63. 
0  2146     „     0*3941  AgCl.     01-45*40. 

OfH^Ol,  requires  0 - 48*32 ;  H - 403  ;  01  - 47  65  per  cent. 

3:5'Diehlor<h^**'dihydrobenzens,    0H,<^2^^^>0H,    is,    when 

freshly  distilled,  a  colourless,  highly  refractive  liquid  boiling  at 
-S — 90°  under  29  mm.  pressure,  and  possessing  an  odour  resembling 
nat  of  bitter  almonds ;  i#  is  extremely  unstable,  rapidly  turning 
yellow  and  evolving  hydrogen  chloride,  so  that  it  cannot  be  kept  even 
for  a  few  hours.  It  readily  decolorises  a  solution  of  bromine 
in  chloroform,  and  torrents  of  hydrogen  bromide  are  evolved 
(see  page  502).  When  dissolved  in  glacial  acetic  acid  saturated  with 
hydrogen   chloride,  clusters  of  prismatic   needles  slowly  separated' 
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melting,  with  evolution  of  gas,  at  130—134°.  These  consisted  of  the 
hydrochloride  of  dihydroresorciu  (see  page  499),  as  was  further  proved 
by  dissolving  them  in  water  and  adding  formaldehyde  to  the  solution, 
when  methylenebisdihydroresorcin  separated,  melting  at  132 — 133°. 

Oxidation  of  Dicldorodihydrohenzene. — Eleven  grams  of  the  dichlorido 
were  suspended  in  150  c.c.  of  water,  and  a  cold  saturated  solution  of 
potassium  permanganate  added  until  the  colour  of  the  latter  became 
permanent.  The  solution  was  then  filtered  from  manganese  dioxide, 
evaporated  to  a  small  bulk,  acidified  with  dilute  nitric  acid,  and  re- 
peatedly extracted  with  ether.  On  evaporating  off  the  solvent,  only 
0'9  gram  of  residue  remained  ;  this  was  dissolved  in  water,  the  solution 
decolorised  by  boiling  with  animal  charcoal,  filtered,  and  cautiously 
treated  with  concentrated  nitric  acid,  when  transparent,  prismatic 
crystals  separated,  which  melted  at  183°,  and,  as  analysis  showed, 
consisted  of  succinic  acid  : 

0-1225  gave  0-1808  COg  and  00596  HgO.     C  =  40'25  ;  H  =  5-40. 
C^HgO^  requires  0  =  4068  ;  H  =  5  08  per  cent. 

Convei'aion  of  3  :  ^-Dichloro-^-  '•  ^-dihydrohenzene  into  m-DichUyrohenzene. 

Ten  grams  of  freshly-prepared  dichlorodihydrobenzene  were  dissolved 
in  40  grams  of  dry  chloroform,  28  grams  of  phosphorus  pentachloride 
added,  and  the  whole  heated  to  boiling  for  6  hour.s,  during  which  time 
hydrogen  chloride  was  slowly  evolved.  The  solution  was  worked  up 
in  the  usual  way,  and  the  residue  distilled  in  air,  when  the  whole 
boiled  between  170°  and  180°,  and,  on  rectification,  between  170°  and 
172°  (7/i.dichlorobenzene,  b.  p.  172°) : 

01515  gave  02990  AgOI.     01  =  4877. 

OgU^OIg  requires  Cl«48-30  per  cent. 

In  order  to  further  establish  the  identity  of  this  liquid  with 
7n-dichlorobenzene,  it  was  converted  into  1  : 3-dichloro-4-nitrobenzone 
(m.  p.  32°,  see  Kiirner,  loc.  cit.),  by  treating  with  fuming  nitric  acid. 
The  nitro-compound,  which  crystallised  from  alcohol  in  yellow,  silken 
needles,  melted  at  33 — 34°.  The  liquid  also  yielded  1 : 3-dichloro-4  : 6- 
dinitrobenzene  (tfttW.),  by  the  action  of  a  mixture  of  fuming  nitric 
and  sulphuric  acids,  the  product  crystallising  from  a  mixture  of 
alcohol  and  ether  in  oanary-yellow,  flattened  needles  melting  at  102°. 

0-2290  gave  23*2  c.c.  moist  nitrogen  at  17°  and  757  mm.  N=  1 1-71. 
CjHjO^NjCl,  requires  N  =  1 181  per  cent. 

The  conversion  of  the  aromatic  dichloride  into  m-dichlorobenzene 
can  also  be  brought  about  by  the  action  of  bromine,  for  on  dissolving 
the  dichloride  in  chloroform  and  adding  bromine,  the  latter  is  rapidly 
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ab«Mrbfld  mad  hydrog«n  bromide  elimioaUHl.      After  eyaporatiDg  off 
the  ohloroform,  the  reeidiuU  liquid  distilled  for  the  most  part  between 
1 7P  end  173**,  and  gave  the  aboTe-mentioned  mono-  and  dinitro-deriva- 
.  ee»  melting  reipectiTelj  at  ZT  and  102°. 

DichlorodihydrobenieDe  (110  grams)  was  treated  in  quantities  of 
15  grama  at  a  time  with  sodium  in  moist  ethereal  solution,  in  a  manner 
exactly  analogous  to  that  employed  in  the  preparation  of  dimethyl- 
dihydrobensene  (Trans.,  1902,  81,  832).  The  resulting  liquid,  which 
boiled  between  70°  and  90°,  was  twice  distilled  over  metallic  sodium, 
when  the  following  fractions  were  collected  :  (i)  below  78°— 1  gram; 
i)  78— 80°-S  grams;  (iii)  80— 83°-26  grams. 

The  firaetion  80 — 85°  was  again  distilled  over  sodium,  when  it  boiled 
eonstantly  at  81 — 82°  under  755  mm.  pressure,  and  was  analysed,  with 
the  following  results : 

0-0984  gave  0-3206  CX3j,  and  00983  H,0.    C  =  88-86  ;  H- 1109. 
01026     „     0-3352  00,,    „    01022  H,0.   C-8910 ;  H -1107. 

C^Hg  requires  C - 9000  ;  H  =  1000  per  cent. 

CeHjo        „       C-87-88;  H=  12-20 

Dr.  Perkin,  sen.,  kindly  examined  this  liquid,  and  reported  that  its 
magnetic  rotation  was  7'385,  that  of  tetrahydrobenzene  is  6-392,  and 
'dihydrobensene  should   be   about    8*99.     The   8p.  gr.   was  0*8261  at 

'715°,  whereas  dihydrobenzene  has  a  sp.  gr.  0*8498,  and  tetrahydro- 
benzene 0-8034,  both  at  15°/15°. 

Unfortunately,  as  these  data  show,  this  substance  is  a  mixture  of 
di-  and  tetra-hydrobenzenes,  and  probably  also  contains  some  hexa- 
hydrobenzene,  as  is  suggested  by  the  bromine  absorption  numbers. 
It  is  a  colourless,  highly  refractive  liquid,  with  an  odour  resembling 
that  of  leeks,  develops  with  concentrated  sulphuric  acid  in  alcoholic 
solution  an  intense  reddish-violet  coloration  (compare  Baeyer,  AnnaUn^ 
1894,  278,  94),  and  resinifies  on  expoeure  to  air.  Its  nitrotocklaride 
melts  at  142°,  and  although  repeatedly  crystallised  from  methyl  alcohol, 
does  not  change  in  melting  point : 

01526  gave  0-1503  AgCl.     a -24-37. 

tHgONCl  requires  01  -  2439;  C^H^oONCl  requires  01  -  24*07  per  cent. 
The  nitrosochloride  of  tetrahydrobenzene  melts  at  152 — 153°(Baeyer, 
id.,  p.  109).  When  oxidfeed  with  potassium  permanganate,  the 
[uid,  boiling  at  81 — 82°,  gave  small  quantities  of  succinic  and  adipio 
ids  ;  the  latter,  which  melted  at  148°,  was  analyeed  : 
01 249  gave  0-2248  00,  and  0-0749  H,0.  0  -  4908  ;  H  -  666. 
C,II,oO^  requires  0-49*31 ;  H  =  6*85  per  cent. 
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The  mixture  of  hydrocarbons  (b.  p.  81 — 82°)  rapidly  decolorises  a 
solution  of  bromine  in  chloroform,  the  amount  of  bromine  absorbed 
corresponding  approximately  to  2  atoms  : 

1  0400  absorbed  1  '804  Br.     Molecular  absorption  =  1 38*6. 
10516        „        1-766  Br.  „  „         =134-5. 

CflHg  requires  160  for  Bfo  and  320  for  2Brj. 

On  evaporating  the  chloroform  on  the  water-bath,  there  resulted  a 
slightly  coloured  liquid,  which  did  not  evolve  hydrogen  bromide  even 
after  remaining  for  some  time  in  a  desiccator  over  calcium  chloride. 
From  the  liquid,  fern-like  clusters  of  long,  transparent  needles  slowly 
separated ;  these  were  purified  by  crystallisation  from  light  petroleum, 
and  analysed  : 

0-1618  gave  0-1796  COg  and  00492  YLfi.     C  =  30*27;  H  =  3-38. 
0-1138     „     01794  AgBr.     Br  =  67-08. 
0-1072     „     0-1686  AgBr.     Br  =  66-92. 

CgHgBra  requires  0  =  30*00  ;  H  =  3-30;  Br  =  66-66  per  cent. 

Dihromodihydrohenzene  is  readily  soluble  in  the  cold  in  chloroform, 
benzene,  or  acetone,  and  in  alcohol  or  light  petroleum  (b.  p.  40 — 60") 
on  heating.  It  crystallises  from  the  latter  solvent  in  clusters  of 
needles,  or,  on  slow  crystallisation,  in  transparent,  hexagonal  prisms 
melting  at  104  5°.  When  exposed  to  air,  it  slowly  decomposes,  more 
rapidly  in  vacuo  or  on  heating  at  170°,  when  hydrogen  bromide  and  a 
vapour  burning  with  a  smoky  flame  are  evolved.  If  the  substance  be 
maintained  at  a  temperature  of  170°,  the  whole  gradually  disappears, 
and  if  the  heating  is  at  any  time  interrupted,  the  residue  solidifies  on 
cooling,  and  consists  of  unaltered  material  melting  at  104°.  It  would 
appear,  therefore,  that  the  substance  is  decomposed  on  heating  into 
hydrogen  bromide  and  benzene,  but  the  correctness  of  this  supposition 
has  80  far  not  been  definitely  proved. 

Dibromodihydrobenzene  decolorises  a  solution  of  potassium  perman- 
ganate slowly  in  the  cold,  and  readily  on  warming.  A  complete 
investigation  of  the  products  of  this  reaction  and  of  the  properties  of 
dibromodihydrobenzene  will  be  undertaken  when  a  larger  supply  of 
material  has  been  obtained. 

The  authors  desire  to  express  their  thanks  to  the  Government  Qrant 
Committee  of  the  Koyal  Society  for  a  grant  which  has  in  part  defrayed 
the  expenses  of  this  investigation. 

Chkmical  Laboratory, 
St.  Thomas's  Hospital. 
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J. Vn.— Essential  Oil  of  Hops. 
By  Alprbd  C.  Chapman. 

s  foriMr  oommanioatioDs  to  the  Society  (Proc.,  1893,  9,  177  ;  Trans., 

67,  54,  and  780),  I  have  dealt  with  the  resnlts  obtained  by 

.-...liog  the  oil  of  hope  fractionally  under  reduced  pressure,  and  have 

("seribed  the  preparation^md  properties  of  the  sesquiterpene,  humulene, 
and  some  of  its  more  important  derivatives. 

At  the  time  when  an  account  of  the  above  work  was  given,  the 
hydrocarbon  of  lower  boiling  point  had  not  been  identified,  and  no 
ooodofion  was  arrived  at  with  regard  to  the  nature  of  the  small 
fraction  or  fractions  boiling  at  temperatures  intermediate  between  the 
boiling  points  of  that  hydrocarbon  and  humulene.  Circumstances,  which 
compelled  me  to  relinquish  the  work  temporarily,  occasioned  the 
delay  which  has  occurred  in  presenting  an  account  of  the  complete 
investigation  to  the  Society.  In  this  work  I  have  made  use  of  three 
additional  samples  of  oil,  which  I  shall  refer  to  by  the  numbers  5,  6» 
and  7,  in  order  to  bring  them  into  line  with  the  four  samples  already 
investigated.  The  first  was  distilled  by  Messrs.  Schimmel  and  Co., 
of  Miltits,  near  Leipzig,  from  Bavarian  hops  grown  in  1894.  The 
second  was  distilled  for  me  by  Messrs.  Schimmel  from  Calif ornian  hops 
'yields 0*53  per  cent.)  grown  in  1899,  and  purchased  in  this  country. 
So.  7  was  distilled  by  Messrs.  Schimmel  &  Co.  from  Bavarian  hops 
grown  in  1901,  and  the  genuineness  of  the  three  samples  is  conse- 
quently entirely  above  suspicion.  I  desire  to  take  this  opportunity  of 
exptossing  to  this  firm  my  best  thanks  for  their  kindness  and  courtesy. 
The  three  samples  had  the  following  specific  gravities  and  specific 

rotatory  powers : 

Sp.  gr.  8p.  gr. 

1671  &°.  20720'.  [«]f. 

No.  5  0-8676  0  8645  +0-30° 

No.  r>  0-8639  0-8610  -0-20^ 

No.  7  0-8403  0-8357  - 008° 

No.   5  was  almost  entirely   used  for    the  study   of  the  oxidation 

loets  of  the  oil,  and  need  not  be  more  particularly  referred  to  at 

It. 

The  Calif  ornian  oil  (No^6),  after  a  long  series  of  fractional  dis- 

llations  under  46  mm.  pressure,  was  resolved  into  the  following  six 

;tions  which  had  the  sp.  gr.  {16^/16°)  indicated. 

(1)     82—  84° sp.  gr.  08046  (2)     85—  92°  sp.  gr.  0*8108 

(3)     95—120°     „       0-8298  (4)  120—130°      „       0-8638 

(5)  135—150°     „      0-8925  (6)  155—160°. 
vol.  lxxxiii.  m  m 


506  CHAPMAN  :  ESSENTIAL  OIL  OF  HOPS. 

The  third  sample  of  oil  (No.  7)  was  similarly  fraxitionated  under 
33  mm.  pressure,  and  gave  the  following  five  fractions: — (1)  76 — 78°, 
(2)  80—85°,  (3)  115—130°,  (4)  130—140°,  (5)  140—150°. 

In  both  cases  the  first  and  the  last  fractions  were  bj  far  the  largest, 
amounting  together  to  more  than  80  per  cent,  of  the  original  oil. 
The  last  fractions  (No.  6  of  the  second  oil  and  No.  5  of  the  third) 
consisted  of  nearly  pure  humulene,  and  need  not  be  further  referred 
to,  except  to  say  that  after  purification  they  were  used  in  the  oxidation 
experiments  of  which  an  account  is  given  in  the  latter  part  of 
this  paper. 

The  first  fraction  in  the  case  of  each  oil  amounted  to  nearly  50 
per  cent,  of  the  sample  taken,  and  as  these  were  found  to  be  identical 
in  composition,  one  description  of  the  experimental  investigation  will, 
suffice. 

The  Fraction  of  Lowest  Boiling  Point. 

At  the  time  when  my  first  paper  on  this  subject  was  published,  I 
had  obtained  similar  fractions  from  the  oils  then  examined,  and  had 
arrived  at  the  conclusion  that  they  consisted  of  a  mixture  of  an 
<*  olefinic  terpene  "  with  a  hydrocarbon  having  the  formula  CjQHjg,  the 
statement  in  regard  to  the  existence  of  the  latter  substance  being 
based  on  the  percentage  of  hydrogen  found  on  analysis. 

Having  obtained  a  much  larger  quantity  of  this  fraction  from  the 
two  samples  of  oil  above  referred  to,  I  was  anxious  to  purify  it  as 
completely  as  possible  with  the  object  of  ascertaining  whether  I  could 
obtain  more  definite  evidence  of  the  existence  of  the  hydrocarbon 
C  H,g.  To  this  end  it  was  submitted  to  repeated  distillation  over 
bright  sodium  under  reduced  pressure  until  the  metal  remained  quite 
unaltered.  In  this  way  a  considerable  quantity  of  liquid  of  practically 
constant  boiling  point  was  obtained,  although  it  was  not  found  possible 
to  remove  the  last  trace  of  oxygen. 

The  following  are  the  results  of  two  combustions  : 

0-2147  gave  0-6908  COj  and  0-2263  H.p.     0  =  8775,  H-11-71. 

0-2222     „     07125  CO,    „    02357  HjO.     0  =  8745 ;  11=  1177. 

CioHja  requires  0  =  88-23;  H- 11-77  percent. 

It  will  be  observed  that  in  both  analyses  the  percentage  of  carbon 
is  slightly  lower  than  that  demanded  by  theory,  but  this  is  un- 
questionably due  to  the  rapidity  with  which  the  hydrocarbon  oxidises 
in  air,  and  to  the  impossibility  of  removing  the  last  trace  of  oxygen  by 
distillation  over  sodium.  Other  hydrogen  estimations  gave  11*80, 11-82, 
ir74,  and  11*83,  so  that  there  can  be  no  doubt  that  the  fraction 
consists  of  one  compound  having  the  formula  Oi^H^^. 


A 


Hydrocarbon 
from  hop  oil. 
0-8046 

Myrcene  from 

bay  oil. 

0-8023 

166—168° 

167° 

46-8 

47-1 

Inactive 

Inactive 
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The  hydrocarbon  haatp.gr.  0*8046  at  15<»/15<»  and  08020  at  20«/20» ; 
t  boilad  at  74 — 75°  (33  mm.)  and  at  166—168°  nnder  atmospheric 
ppetmre  (774  mm.),  but  in  the  latter  case  there  was  some  slight  decom- 
poaition  towards  the  end  of  the  distillation,  a  small  quantity  of  very 
viscous  liquid  remaining  in  the  flask.  It  was  optically  inactive 
and  a  determination  of  its  index  of  refraction  at  20°  gave  the  valna 
N'd*  1*4645,  whence  the  moKecular  refractive  energy  is  46*8,  the  cal- 
culated nomber  being  46*78  for  Cj^Hj^  with  3  ethylene  linkings. 
This  oompoond  is  therefore  an  aliphatic  hydrocarbon,  and  its 
properties  are  almost  identical  with  those  of  myrcene,  which  was  first 
obtained  from  bay  oil  by  Power  and  Kleber,  and  which  has  since  been 
identified  in  the  oil  of  sassafras  leaves. 

A  oomparison  of  the  constants  of  these  two  substanceft  will  make 
t  his  clearer : 


Specific  gravity  at  15°     

Boiling  point  (atmospheric  pressure) 

Moleeolar  refractive  energy  

Action  on  polarised  light    Inactive 

It  has  a  very  characteristic  odour,  which  Dr.  Power,  to  whom  I  sent 
a  specimen,  informs  me  is  very  similar  to  that  of  the  myrcene  from 
bay  oil,  and  oxidises  with  great  readiness  when  exposed  to  the  air, 
becoming  ultimately  converted  into  a  colourless  resin. 

From  basil  oil,  van  Romburgh  has  recently  (Schimmel  and  Co.,  Report t 
April — May,    1901,   12)   isolated   an  "  olefinic  terpene"  closely  re- 
sembliog  myrcene  in  its  general  properties,  but  which  is  stated  to 
oxidise  more  readily  in  the  air,  and  to  which  the  name  ocimene  has 
been   given.     Van    Romburgh   states  that   when   a  small   quantity 
is  placed  in  a  tube  with  oxygen  over  mercury  "  the  latter  rises  rapidly, 
and  after  a  short  time  the  oxygen  has  disappeared  and  the  tube  is 
completely   filled  with  mercury."     A  similar  experiment  was  made 
with  the  freshly  distilled  hydrocarbon  from  hop  oil,  1  c.c.  being  intro- 
loed  into  a  graduated  tube  standing  over  mercury  and  containing 
.  )  cc.  of  oxygen.     Absorption  took  place  slowly,  and  at  the  end  of 
three  days  at  the  ordinary  room  temperature,  16  cc  of  oxygen  had 
united  with  the  hydrocarbon,  and  the  action  was  still  proceeding. 
The  words  "  rises  rapidly  "  aould  scarcely  be  employed  in  referring  to 
the  rise  of  the  mercury  due  to  oxygen  absorption  in  this  experiment, 
and  on  the  other  hand,  van  Romburgh's  statement  that  he  had  kept 
myrcene  prepared  from  bay  oil  for  many  months  without  being  able  to 
detect  any  change  requires  to  be  supplemented  by  a  statement  of  the 
conditions  under  which  the  hydrocarbon  was  kept.     The  hydrocarbon 

M  M  2 


508  chapman:  essential  oil  of  hops. 

from  hop  oil,  when  sealed  up  in  a  tube  from  which  the  air  has  been 
exhausted,  can  apparently  be  kept  for  a  long  time  without  appreciable 
alteration,  but,  as  I  have  already  stated,  it  rapidly  changes  when 
exposed  to  air.  Van  Romburgh's  statement  as  to  the  stability  of 
myrcene  in  air  is  not  only  opposed  to  Power  and  Kleber's  observations, 
and  to  the  recent  experiments  of  Harries  {Ber.j  1903,  36,  3259),  but 
is  scarcely  in  accordance  with  the  well-known  diminution  of  solubility 
which  bay  oil  undergoes  on  storage.  The  existing  accounts  of  the 
oxidisability  and  tendency  to  polymerisation  of  myrcene  are  discrepant, 
and  no  well-de6ned  differences  between  the  two  unsaturated  hydro- 
carbons obtained  respectively  from  bay  oil  and  from  basil  oil,  either 
in  regard  to  their  physical  constants  or  to  their  chemical  properties 
(other  than  the  degree  of  readiness  with  which  they  are  said  to  unite 
with  oxygen),  have  yet,  so  far  as  I  can  ascertain,  been  published. 
The  investigation  of  ocimene  is  being  continued,  and  pending  the 
publication  of  further  results,  it  would  be  wiser,  I  think,  to  reserve 
judgment  in  regard  to  the  chemical  individuality  of  that  hydrocarbon. 

When  hydrated  by  means  of  acetic  and  sulphuric  acids  (Bertram's 
method),  the  hop  oil  fraction  behaved  like  myrcene,  yielding  an 
alcohol  (1  myrcenol),  an  oil  having  an  odour  of  lavender,  and  a  hydro- 
carbon, which  could  not,  however,  be  identified  with  dipentene. 
When  oxidised  with  alkaline  potassium  permanganate  solution,  it 
gave  acetic  and  oxalic  acids  and  carbon  dioxide,  whilst  with  chromic 
acid  mixture,  succinic  acid  was  obtained,  together  with  a  small 
quantity  of  an  oily  acid  having  an  odour  strongly  resembling  that  of 
valeric  acid.  Myrcene  was  present  in  the  last  three  samples  of  oil  to 
the  extent  of  from  40  to  50  per  cent.,  but  the  actual  proportion  in 
any  sample  is  doubtless  dependent  on  the  climatic  and  storage  con- 
ditions to  which  the  hops  had  been  subjected,  and  more  particularly 
to  the  manner  in  which  they  were  distilled.  Old  samples  of  oil  will 
naturally  contain  less  myrcene  than  newer  ones,  and  the  solubility 
and  specific  gravity  of  the  oil,  which  are  so  greatly  influenced  by  the 
amount  of  this  constituent  present,  cannot  consequently  be  regarded 
as  of  much  importance  as  analytical  "  constants  "  in  arriving  at  an 
opinion  as  to  the  genuineness  of  any  sample.  Oil  No.  1,  for  example, 
had  at  15°  a  sp.  gr.  0*880,  whilst  that  of  No.  7  was  at  the  same 
temperature  only  0  840.  That  the  resinification  of  myrcene  is  yery 
largely  due  to  oxidation  and  not  to  simple  polymerisation  is  shown  by 
the  fact  that  it  retained  its  mobility  at  the  end  of  two  years  when 
sealed  up  in  a  tube  from  which  all  the  air  had  been  exhausted. 

Attempts  to  prepare  compounds  with  hydrogen  chloride,  bromine^ 
nitrosyl  chloride,  and  other  reagents  were  in  all  cases  unsuooessfuL 
It  may  be  mentioned  that  in  no  case  does  tlie  amount  of  bromiDe 
which  unites  with  the  hydrocarbon  correspond  with  the  presence  of 
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thrf«  double  liDkmgw,  but  this  mAy  well  be  due  to  the  poWin^'i-lK.iLioD 
which  mjroene  appears  to  undergo  so  readily. 

/WwfioiM  %andZ(Oiiy0,  6)  amd  Fraction  2  {Oil  ^o.  7)  coi  :  t.  i  r.r 
mixtnree  of  myroene  with  a  small  quantity  of  the  fractiooH  of  liigb«t 
boiling  point,  but  were  too  small  to  be  further  separated  by 
distillatioti. 

^rmaUon  4  (OU  Xo,  6)  amd  Fraeiian  3  (OU  No.  7),  which  were  found 
to  be  praetioally  identical  in  composition,  formed  a  colourless,  mobile 
liquid  poaeeesing  a  powerful  and  fragrant  odour,  but  only  a  few  c.c. 
were  obtained. 

(1)  01S3Sgave  0-3819  CO,  and  01 380  H,0.  C  =  7813  ;  H- 11-50. 
(2)0-1702     „     0-4860  CO,    „    01790  H^O.  0  =  7787  ;  H- 11-69. 
(3)0-1900    „      0  5344  CO,   „   0-2023  H,0-  0-7670  ;  H- 1184. 
Cj^jHjjO  requires  C- 77-92;  H-11-68  percent. 

1  and  2  show  the  composition  of  fraction  4  from  oil  No.  6,  and  3  that 
of  fraction  3  from  oil  No.  7. 

The  product,  which  had  asp.  gr.  0*8571  at  20720°,  produced  a  rotation 
[a]o  **  ~0°40',  and  united  readily  with  bromine.  The  quantity  of 
this  fraction  obtained,  even  when  working  with  500  c.c.  of  the  hop  oil, 
was  so  small  that  further  experiments  were  impossible,  but  there  can 
be  very  little  doubt  that  it  consisted  of  inactive  linalool  mixed  with 
a  little  of  some  active  substance. 

The  next  higher  fraction  was  also  very  small,  and  had  a  less 
fragrant  odour  than  the  preceding  one.  A  preliminary  experiment 
having  shown  that  the  oil  consisted  of,  or  contained,  an  ester,  it  was 
saponified  by  boiling  with  alcoholic  potash  and  then  distilled  in  steam. 
The  residae,  after  acidification  with  sulphuric  acid  and  extraction  with 
etber,  yielded  a  small  quantity  of  an  oily  acid  practically  insoluble  in 
water,  and  possessing  a  powerful  odour  recalling  that  of  valeric  and 
pelargonic  acids.  The  ethereal  solution,  when  dried  over  calcium 
iiloride  and  distilled  from  a  very  small  fractionating  flask  under  a 
pressure  of  11  mm.,  yielded  about  2  c.c.  boiling  near  130°  : 

01545  gave  0  3813  CO,and01444  H,0.     0-6731  ;  H-10-38. 
C^H, jO,  requires  0  -  68*35 ;  H  - 1 1  39  per  cent. 

It  gave  a  white,  curdy  silver  salt,  which,  after  drying  over  sulphuric 
acid  in  an  exhausted  desiccator,  gave  the  following  results  with  two 

Ifferent  preparations : 
(1)  0-2588  gave  01024  Ag.     Ag-  39-57. 
(2)0-2240    „    0-0920  Ag.     Ag- 41*07. 
09Hj70,Ag  requires  Ag- 40*52  per  cent. 
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gram  Na  per  c.c.  was  run  into  a  solution  of  the  acid  in  dilute 
alcohol,  phenolphthalein  being  used  as  indicator.  0*1659  gram  acid 
required  for  neutralisation  9*4  c.c.  sodium  hydroxide  solution  (  =  0*0235 
gram  Na).  For  a  monobasic  acid  of  the  formula  CgHjgOj,  0*0241 
gram  Na  would  be  required. 

The  crystalline  sodium  salt  dried  at  100°  was  analysed  with  the 
foUowiug  result  : 

0-2687  gave  01 109  NagSO^.     Na  =  13-3. 

CgHjyOgNa  requires  Na=  12*78  per  cent. 

This  acid  does  not  solidify,  even  when  cooled  in  a  freezing  mixture  of 
salt  and  ice,  and  is  evidently  wononoic  acid,  which  is  said  to  remain 
liquid  at  - 11°  (KuUhem,  Annalen,  1874,  173,  319). 

The  distillate  obtained  in  the  preparation  of  the  above  acid  was 
thoroughly  shaken  with  ether,  and  this  together  with  the  extracted 
ethyl  alcohol  was  evaporated.  A  small  quantity  of  a  colourless  mobile 
liquid  remained,  having  a  strong  odour  of  linalool.  Well-formed 
crystals  slowly  separated  when  powdered  calcium  chloride  was  added 
to  the  cooled  product.  Dry  ether  was  then  added,  and  the  crystalline 
substance  with  the  excess  of  calcium  chloride  collected  and  treated  with 
hot  water,  when  a  very  small  quantity  of  an  oil  separated ;  this  product, 
which  had  a  strong  odour  of  geraniol,  could  not  be  further  examined. 
After  distilling  off  the  ether  from  the  filtrate,  some  liquid  remained 
which  had  a  strong  odour  of  linalool,  and  which  yielded  crystals  of 
terpin  hydrate  on  shaking  for  some  days  with  dilute  sulphuric  acid. 
The  ester  would,  therefore,  appear  to  be  the  linalyl  uononoate.  These 
alcohols  and  esters  occur  in  the  essential  oil  of  hops  in  very  small 
proportions,  and  their  separation  in  a  state  of  even  moderate  purity  is 
consequently  an  exceedingly  difiicult  and  expensive  matter.  From 
both  samples  of  oil,  nearly  pure  humulene  was  obtained  by  fractional 
distillation,  to  the  extent  of  about  40  per  cent.  It  will  be  observed 
that  the  proportion  of  humulene  obtained  from  the  earlier  samples  of 
oil  with  which  I  worked  was  considerably  higher  than  the  above,  but 
this  is  due  to  the  fact  that  those  samples  were  not  examined  immedi- 
ately after  their  distillation  from  the  plant,  as  was  the  case  with  Nos. 
6  and  7,  and  consequently  much  polymerisation  of  the  myrcene  had 
occurred.  Since  all  were  distilled  in  steam  immediately  prior  to  frao- 
tionation,  and  the  altered  myrcene  thus  eliminated,  the  proportion  of 
humulene  would  obviously  be  much  increased. 


Oxidation  of  Ut«  Oil. 

Id  my  earlier  paper  (Trans.,  1895,  07,  54),  a  few  oxidation  exj 
ments  with   some  of   the  fractionated  constituents  of  the  oil 
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.  fomn!  i*»,  but  the  action  of  oxidisinti  air«nt8  on  the  oil   ilRolf  wai 
not  di«rusHOii. 

Owidmtitm  with  Ckromte  Acta  Mixture. — Ten  c.c.  of  the  oil  were 
added  lo  a  mixtore  of  60  grams  of  potastiam  bichromate,  45  cc.  of 
sulphuric  acid,  and  200  c.c.  of  water,  and  the  whole  was  boiled  under 
a  re^ux  condenser  until  all  the  chromic  acid  was  reduced.  A  further 
quantity  of  chromic  acid  mixture  was  then  added,  and  the  oxidation 
continaed  for  about  24  hours.  The  product  was  subsequently  filtered 
through  muslin  to  remove  a  small  quantity  of  unattacked  resin,  the 
slight  exeats  of  chromic  acid  reduced  by  the  cautious  addition  of 
sulphurous  add,  the  resulting  solution  then  distilled  in  steam 
until  practically  the  whole  of  the  volatile  acids  had  distilled  over,  and 
the  residue  in  the  flask  after  dilution  was  thoroughly  extracted  with 
ether,  which  on  evaporation  left  a  small  quantity  of  an  oily  substance 
from  which  crystals  separated  on  standing.  The  acid  distillate  was  neu- 
tralised with  potassium  carbonate  and  evaporated  to  dryness  in  order 
to  obtain  the  mixed  potassium  salts. 

Numeroos  oxidation  experiments   were  made,  the  composition   of 

the  oxidising  mixture  being  occasionally  slightly  varied.     In  this  way 

the  potassium  salts  (representing  the  volatile  acids)  and  the  residues 

from  the  ethereal  extracts  of  the  fixed  oxidation  products  were  thus 

accumulated  in   sufficient  quantity  for  examination.     The  potassium 

salts  were  dissolved  in  water,  the  acids   liberated  by  the  addition  of 

sulphuric  acid,  and  extracte-l   from  the  solution   by  means  of  ether ; 

after  removing  the  solvent,  the  acids  were  distilled  from  a  small  flask 

under  reduced    pressure.     The  first  and  larger  fraction  consisted  of 

nearly  pure  acetic  acid,  yielding  a  silver  salt  containing  64'1  percent,  of 

silver  (silver  acetate  requires  Ag  =  64*46) ;  the  second  was  evidently  a 

mixture,  whilst  the  third,  which  was  very  small,  had  a  strong  odour 

acid,  and  gave  a  silver  salt  containing  49*4  per  cent,  of  the 

,    iver  valerate  requires  Ag  —  51*44).     Several  other  salts  were 

;  repared  from  this  fraction,  the  properties  of  which  closely  resembled 

iho&e  of  the  corresponding  valerates. 

Another  quantity  of  the  purified  potassiom  salts  was  fractionally 

redpitated  with  silver  nitrate,  and  5  silver  salts  were  obtained,  con- 

iinicg  from  64*42  (acetate)  to  44*9  per  cent,  of  silver     From  this  it  is 

rident  that  an  acid  (probably  isononoic)  was  present,  having  a  salt  oon- 

^iaining  a  smaller  percentage  of  silver  than  the  corresponding  valerate. 

^K^  Although   the   united  rMdues  obtained  after  evaporating  off  the 

^Bther  used  for  the  extraction  of  the  non-volatile  oxidation  products 

^Brom  the  chromic  acid  mixture,  partially  erystallised  on  long  standing, 

^Ket,  as  it  was  found  impossible  to  recrysUtlUse  without  serious  loss 

^Hiwing  to  the  considerable  quantity  of  uncrystallisable  oil   preseut,  it 
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pressure.  From  130°  to  160°  (under  30  mm.  pressure)  an  oily  liquid 
distilled  over,  but  the  distillate  obtained  at  165°  commenced  to  solidify 
in  the  condenser  tube,  and  the  receiver  was  consequently  changed. 
At  200°,  all  the  crystalline  substance  appeared  to  have  distilled,  and 
only  a  small  quantity  of  a  red  decomposition  product  having  a  strong 
empyreumatic  odour  came  over.  The  first  oily  fraction  slowly 
solidified  completely  to  a  crystalline  mass,  and  both  acids  were 
purified  by  repeated  crystallisation  from  water.  These  are  referred  to 
as  No.  1  and  No.  2. 

No.  1  consisted  of  well-formed,  needle-shaped  crystals,  easily  soluble 
in  water,  acetone,  alcohol,  and  ether,  and  somewhat  less  soluble  in  hot 
benzene,  from  which  it  crystallised  readily  in  small,  colourless  needles. 

After  two  crystallisations  from  benzene,  it  melted  sharply  at  140°. 

01749  gave  0-3140  COj  and  01092  Ufi.     C  =  48-96  ;  H  =  6-93. 
0-1611     „     0-2893  COg    „    00960  HgO.     C  =  48-97 ;  H  =  6-63. 
CgHjoO^  requires  C  =  49-31 ;  H  =  6-85  per  cent. 

Titration  of  the  Acid. — Sodium  hydroxide  (prepared  from  sodium) 
containing  0004669  gram  Na  per  c.c.  was  run  into  an  aqueous 
solution  of  the  acid,  phenolphthalein  being  used  as  indicator.  02015 
gram  acid  required  for  neutralisation  13-7  c.c.  sodium  hydroxide 
solution  (  =  0-0639  gram  Na).  For  a  dibasic  acid  of  the  formula 
CgHjoO^,  0  0634  gram  Na  would  be  required. 

When  solutions  of  the  metallic  salts  indicated  below  were  added  to 
an  aqueous  solution  of  the  sodium  salt,  the  following  results  were 
obtained  : 

Magnesium  sulphate  .  No  reaction  Lead  acetate  On  warm- 
Calcium  chloride No  reaction        ing,  a  dense  white  precipitate. 

Barium  chloride No  reaction  Copper  sulphate On  warm- 
Silver  nitrate White  gran-        ing,  a  green  precipitate. 

ular  precipitate  slightly  soluble 

in  water. 

Two  preparations  of  the  silver  salt,  dried  at  100°,  gave  59*5  and 
60-0  percent.  Ag respectively.  C^HgO^Agj  requires  Ag- 59*78.  The 
iron  salt  dried  at  100°  was  found  to  contain  21  0  per  cent.  Fe. 
(CjHgO^y^Fej  requires  Fe  -  20-58.  All  the  above  resulte  show  that  this 
acid  is  unsymmetrical  dimethylsuccinic  acid,  C0,H'CHj«C(Me),«C05H. 

No.  2  Jctd— This  acid  crystallised  well  from  water  or  alcohol, 
and  gave  all  the  reactions  of  succinic  acid;  the  crystals  from  the 
latter  solvent  melted  at  184°. 

0-161  gave  02426  CO,  and  00756  HjO.    C-4106  ;  H-5-22. 
C^HjO^  requires  0 «-  40-&8 ;  H  -  5-08  per  cent. 
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Tho  oxidation  producU  of  the  oil  obtained  by  the  action  of  ohromio 
acid  mixture  are,  thereforo,  acetic,  valeric,  dimethyUucoinio,  and  tno- 
oinio  aetdt,  with  probably  uononoic  acid  from  the  linalyl  ester. 

When  an  alkaline  solution  of  potassium  permanganate  was  used 
instead  of  chromic  acid  mixture  for  the  oxidation,  all  the  above  oxida- 
tion products  were  identified  with  the  exception  of  the  dimothylsuc- 
cinic  acid,  and  oxalic  acid  was  found  in  considerable  quantity  when 
dilute  nitric  acid  was  employed. 

It  may  be  well  to  correct  a  very  common  belief  that  valeric  acid  is 
a  product  of  the  aerial  oxidation  of  hop  oil.  I  have  made  many  experi- 
ments in  connection  with  this  point,  and  in  no  instance  was  even  a 
trace  of  valeric  acid  formed. 

The  dimethylsuccinic  acid  is  an  oxidation  product  of  humulene,  as 
was  proved  by  submitting  the  purified  sesquiterpene  to  the  action  of 
the  chromic  acid  mixture,  and  isolating  the  products  in  the  same 
manner  as  in  the  hop  oil  experiments.  Along  with  that  acid  (m.  p.  -> 
140°),  acetic  acid  was  found  in  considerable  quantity,  together  with  a 
little  valeric  acid,  mixed  apparently  with  some  higher  bomologue. 

Myroene,  on  oxidation,  yielded  chiefly  acetic  acid  with  some  suc- 
cinic acid  ;  levulinic  acid  could  not  be  identified. 

It  is  interesting  to  note  that  dimethylsuccinic  acid,  to  the  extent 
of  about  1*5  per  cent.,  was  obtained  by  Levy  and  Eoglander  (i?«r., 
1885,  18,  3209)  by  the  oxidation  of  caryophyllene  from  copaiba 
balsam  by  means  of  chromic  acid  solution.  Ov^ing  to  the  small  yield, 
the  above-named  authors  doubted  whether  this  acid  was  to  be 
regarded  as  an  oxidation  product  of  the  caryophyllene  itself,  or 
whether  it  might  not  have  been  due  to  the  presence  of  some  un- 
reeognieed  impurity.  The  fact  that  this  acid  has  also  been  obtained 
from  carefully  purified  humulene  supports  the  former  view,  and  it 
will  be  interesting  to  note  whether  it  is  an  oxidation  product  of 
sesquiterpenes  in  general.  On  this  point,  I  propose  to  make  further 
experiments. 

The  essential  oil  of  hops,   therefore,   contams  the   following  com- 
pounds :  myrcene,   humulene,  linalool,   linalyl   Mononoate,   probable 
i*aces  of  some  ester  of  geraniol,  and  a  small  amount  of  a  diterpene. 

In   all  the  freshly  distilled  samples  of  oil   examined  by  me,  the 
hydrocarbons,  myroene  and  humulene,  were  present  to  the  extent  of 
Hfrom  80  to*  90  per  cent. 

H  In  conclusion,  I  desire  to  o£fer  my  sincere  thanks  to  my  assistants, 
Vlfeesrs.  P.  H.  Oarpenter  and  Theo.  0.  Thomas,  for  much  valuable  help 
W  ^A  oonnection  with  this  work. 
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LVill. — Studies  in  the  Camphane  Series,  Part  XL  The 
Dioximes  of  Camphorquinone  and  other  Derivatives 
of  i^oN itrosocamphor. 

By  Martin  Onslow  Forster. 

Tjbn  years  have  elapsed  since  Manasse  {Ber.y  1893,  26,  243)  described 
three  isomeric  dioximes  having  the  constitution 

produced  by  the  action  of  hydroxylamine  on  wonitrosocamphor.  A 
variety  of  interesting  facts  concerning  the  monoxime  of  camphor  have 
come  to  light  since  that  time,  suggesting  directions  in  which  the  in- 
vestigation of  the  dioximes  might  be  profitably  extended.  On  prepar- 
ing specimens  of  these  substances,  however,  it  was  found  that  the 
existing  description  must  be  modified  in  several  important  particulars. 

The  three  isomerides  obtained  by  Manasse  were  distinguished 
from  one  another  as  the  a-,  ^-,  and  y-dioximes,  melting  at  181 — 182°, 
220—221°  and  131—132°  respectively;  in  the  meantime,  a  S-di- 
oxime,  melting  at  about  245°,  has  been  described  by  Angelico  {Aiti 
R.  Accad.  Linceif  1900,  [v],  9,  ii,  47).  Neither  of  the  investigators 
mentioned  appears  to  have  determined  the  rotatory  power  of  the  di- 
oximes, and  on  submitting  to  fractional  crystallisation  the  mixture 
obtained  from  tsonitrosocamphor  and  hydroxylamine  acetate,  examining 
each  fraction  in  the  polarimeter,  I  found  that  the  melting  points 
recorded  by  Manasse  are  considerably  lower  than  those  of  the  purified 
substances.  The  /9-dioxime,  for  example,  melts  and  decomi>oses  at  a 
temperature  fully  25°  above  that  mentioned  by  Manasse,  and  it  became 
evident  that  Angelico's  supposed  8-dioxime  is  a  comparatively  pure 
specimen  of  Manasse's  ^S-dioxime.  Although  this  observation  reduces 
to  three  the  number  of  existing  dioximes,  I  have  discovered  a  fourth 
isomeride  which  has  properties  quite  distinct  from  those  of  the  fore- 
going substances,  and  in  future  this  derivative  will  be  called  the 
S-dioxime.  The  table  on  p.  515  summarises  the  chief  characteristics  of 
the  four  compounds. 

I  am  indebted  to  Dr.  Lowry  for  a  report  on  the  crystallography  of 
the  a-,  p;  and  S-dioximes,  from  which  it  appears  that  the  last-named 
is  quite  distinct  from  the  a- modification,  the  only  one  for  which  it 
might  possibly  be  mistaken. 

At  an  early  stage  in  the  examination  of  these  substances,  it  was  found 
that  no  reliance  could  be  placed  on  the  melting  point  as  a  means  of 
identification,  because  in  each  case  fusion  is  attended  by  profound 


rORSTER  :  STUDIES  IN  THE  CAMPHANB  BBRIER.      PART  XL     515 


1 

i-JiS., 

2or 

-esc 

•-»48 

.^ 

135 

+  M-4 

199 

+  76-5 

la),  iu 

S  per  cent. 

•odium 
hydroxide. 


-241 
+  12-6 
+  88  6 


PrMdpiUU       AbMlato 

irit>>  "»-<MHn  I    alcohol  re- 
I  quired  to 

All  dieeolTe 

i*ul|»baU.     ,  I  gnua  et  20' 


chocoUte 
chocoUte 

none 
chocolate 


40*0  ce. 
£90  0 
10 
12-4 


chan^^,  ,..^  j^int  at  which  this  occurs  being  considerably  modified  by 
admixture,  and  to  some  extent  also  by  the  rate  at  which  the  temper- 
ature rises.  The  a-,  ft-,  and  S-dioximes  evolve  gas  vigorously  at  the 
melting  point,  whilst  the  y-dioxime  is  converted  into  the  newly  dis- 
covered ^modification,  and  not,  as  stated  by  Manasse,  into  the  a-dioxime. 
The  specific  rotatory  power  is  the  most  satisfactory  constant  to  employ 
in  the  identification  of  the  four  isomerides. 

The  Hantxsch- Werner  hypothesis,  when  applied  to  the  case  of  the 
camphorquinonedioximes,  predicts  four  possible  isomerides.  vf '♦*»'!  to 
oae  another  as  follows  : 
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In  this  respect  camphorquinone  differs  from  benxil,  from  which  three 
dioximes  only  have  been  obtained,  the  C^Hj^-residue  being  unsym- 
metrical,  and  therefore  yielding  two  OMii/iAi-modifications.  This  is  the 
first  recorded  instance  of 'the  four  dioximes  of  an  unsymmetrical 
diketone  having  been  isolated,  but  in  the  present  paper  no  attempt  will 
made  to  assign  to  each  modification  ita  respective  configuration,  as 
e  experiments  having  this  object  are  still  incomplete.  In  consider- 
g  the  question,  it  was  thought  that  some  informstion  might  be  gained 
by  comparing  the  products  of  direct  benzoylation  with  the  derivative 
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obtiiined  from  wonitrosocamphor  in  the  manner  represented  by  the 
formulae  : 

C3H,.<J-N0H         ^         C3H,.<j;fOBz         _^ 

"    '*     CINOH  '    ^*   XINOBz 

On  subjecting  isonitrosocamphor  to  benzoylation  by  the  Schotten- 
Baumann  process,  however,  there  were  obtained,  in  approximately 
equal  amounts,  two  compounds  having  the  empirical  formula  of  a 
benzoyhsonitrosocamphor.  One  of  these  substances  is  bright  yellow, 
and  when  hydrolysed  yields  isonitrosocamphor  mixed  with  benzoic 
acid  ;  the  isomeride,  on  the  other  hand,  is  colourless,  and  is  converted 
on  hydrolysis  into  benzoic  and  a-camphornitrilic  (cyanolauronic)  acids. 
Hence  it  is  evident  that  the  yellow  compound  alone  is  a  genuine 
benzoyl  derivative  of  isonitrosocamphor. 

The  constitution  of  the  colourless  pseudohenzoyl  derivative  is  not 
so  easily  determined.  The  first  explanation  which  suggests  itself  is  one 
depending  on  the  possibility  of  ^'sonitrosocamphor  exhibiting  stereoiso- 
merism, but  it  is  unlikely  that  of  two  wonitrosocamphors  related  in  this 
manner,  the  benzoyl  derivative  of  one  should  be  bright  yellow,  whilst 
that  of  the  other  is  snow  white  ;  moreover,  if  the  colourless  substance 
is  the  benzoyl  derivative  of  a  stereoisomeric  isonitrosocamphor,  it 
would  be  reasonable  to  expect  that,  even  should  the  latter  be  incapable 
of  free  existence,  some  proportion  of  the  known  modification  would  be 
formed  on  hydrolysis,  whereas  the  conversion  into  a-camphornitrilic 
acid  is  complete.  The  possibility  of  tsonitrosocamphor  exhibiting 
stereoisomerism  has  been  already  considered  by  Oddo  {Ber.y  1895,  28, 
1915),  who  encountered  differences  in  the  properties  of  isonitroso- 
camphor  obtained  by  the  method  of  Claisen  and  Manasse  when  compareil 
with  those  of  specimens  produced  from  camphorcarboxylic  acid  and 
sodium  nitrite.  Oddo  {loc  cit.)  mentions  that  u^onitrosocamphor  from 
both  sources  yields  a  benzoyl  derivative  which  melts  at  127 — 128°, 
and  this  is  probably  identical  with  the  colourless  substance,  melting  at 
136°,  described  in  the  present  paper,  although  there  is  no  evidence 
that  Oddo's  compound  is  not  also  a  genuine  benzoyl  derivative  of 
Monitrosocamphor. 

In  the  second  place,  it  is  conceivable  that  the  colourless  benzoyl 
compound  is  derived  from  an  tsooxime  of  camphorquinone,  when  it 
would  be  represented  by  the  formula 

p^N-COPh 

o.H„<j<i     . 
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This  Tiewaooordt  with  the  fact  that  the  labetaiioe  is  laaoeptible  to  the 
aotioD  of  light  and  of  alkalii,  for  Donstan  and  Goulding  have  reoentlj 
shown  (Trana.,  1901,  79,  628)  that  alkyl  derivatives  of  the  Moozimes 
are  eztremelj  sensitive  towards  hjdrolytio  agents. 

An  explanation  more  prohable  than  either  of  these,  however,  would 
represent  the  jMstwiobenaoyl  derivative  of  Monitrosocamphor  as  being 
related  to  camphon^imide, 


0,H,,<S^,^  , 


a  labetnioe  Isolated  in  the  form  of  its  hydrochloride  when  a-camphor- 
nitrilio  acid,  dissolved  in  ether,  is  treated  with  hydrogen  chloride  (Oddo 
and  Leonanii,  GatteUa,  1896,  26,  i,  405),  or  by  the  action  of  acetyl 
chloride  on  a-oamphoramic  acid  ( Eioogewerff  and  van  Dorp,  Jiec.  Trav. 
CAtm.,  1895,  14,  252).  Such  a  structure  accounts  for  the  production 
of  benxoic  and  a-camphornitrilic  acids  on  hydrolysis  : 

C.H..<Si2!^^3!l!)>0    +   H,0     -      C.H„<CN^    ^    p^CO,H; 

but,  unfortunately,  owing  to  the  readiness  with  which  camphort«oimide 
hydrochloride  becomes  hydrolysed  by  alkalis,  it  has  not  been  possible 
to  prove  this  point  experimentally.  A  further  argument  in  favour  of 
this  representation,  however,  may  be  drawn  from  the  behaviour  of 
nitrocamphor,  which  yields  bcnzoylcamphoryloxime  (Lowry,  Trans., 
1898,73,986): 

jMiuitfNitroesnphor.  BeDzoylc&mphorylozime. 

In  view  of  the  change  which  wonitrosocamphor  undergoes  when 
bensoyl  chloride  acts  on  solutions  in  caustic  alkalis,  the  behaviour  of 
the  dried  alkali  derivatives  towards  acyl  chlorides  has  been  studied, 
and  this  has  brought  to  light  a  compound  which  appears  to  be  the 
anhydride  of  iMmtroeooamphor.  It  is  a  pale  yellow  substance,  which 
melto  at  about  190^,  undergoing  conversion  into  the  colourless  anhy- 
dride of  a*camphomitrilic  acid, 

C.H,.<g'*»^.H„       -       O.H„<0^^.„^.H„. 

I  which  is  obtained  also  by  Ae  action  of  acetyl  chloride  on  tsonitroso- 
jcamphor  (Oddo,  Ber.,  1895,  28,  1915  ;  Oddo  and  Leonardi,  ioe.  eU.). 

It  is  somewhat  remarkable  that  the  new  anhydride  has  escaped  the 
attention  of  previous  workers  in  this  field,  because  it  may  be  obtained 

in  a  variety  of  ways.  Small  quantities  are  produced  when  the  dry 
alkali  derivatives  of  isenitroeocamphor  are  treated  with  acetyl  chlor- 
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ide,  benzoyl  chloride,  phosphorus  oxychloride,  and  acetic  anhydride, 
whilst  the  last-named  agent,  when  added  to  a  solution  in  sodium  hydr- 
oxide, converts  10  per  cent,  of  the  ijonitrosocamphor  employed  into 
the  anhydride.  The  most  satisfactory  method  of  preparing  this  com- 
pound, however,  is  to  heat  together  the  potassium  and  benzoyl  deriva- 
tives of  wonitroEOcamphor  in  a  non-hydroxylic  solvent,  a  process 
which  affords  useful  evidence  as  to  the  constitution  of  the  substance. 

Anhydrides  of  this  type  are  scarcely  known,  the  only  comparable 
substance  to  which  I  can  find  any  reference  being  benzaldoxime 
anhydride,  (CqH5*CHIN)20,  obtained  by  Bamberger  and  Szolayski  on 
passing  air  through  a  suspension  of  )8-benzylhydroxylamine  in  water 
(Ber.f  1900,  33,  3193).  It  is  noteworthy  that  the  anhydride  of  iso- 
nitrosocamphor  closely  resembles  in  appearance  the  anhydride  of 
/jaewcionitrocamphor,  and  melts  at  the  same  temperature  (Lowry, 
Trans.,  1898,  73,  996), 


^8^i*<Ao        oA>^8^"* 


but  the  two  substances  are  quite  distinct  in  general  behaviour,  for 
whilst  alcoholic  potash  resolves  the  last-named  into  camphorquinone, 
the  anhydride  of  t«onitrosocamphor  is  converted  into  a-camphornitrilic 
acid. 

Somewhat  unexpectedly,  the  present  investigation  has  led  to  the 
discovery  of  the  missing  form  of  isonitrosocamphor.  It  has  been 
mentioned  that  by  the  ordinary  process  of  benzoylation,  the  camphor 
derivative  yields  two  substances,  of  which  the  genuine  benzoylwo- 
nitrosocamphor  is  yellow,  whilst  the  pseitdo-compoMnd  is  colourless. 
When  7>i-nitrobenzoyl  chloride  is  allowed  to  act  on  uonitrosocamphor 
under  the  same  conditions,  a  yellow  compound  is  formed,  also  in 
association  with  a  colourless  isomeride.  If  the  former  product  is 
hydrolysed  with  the  theoretical  amount  of  caustic  potash  dissolved  in 
alcohol,  ordinary  wonitrosocamphor  is  regenerated,  but  on  using  excess 
of  alkali,  a  new  modification  arises,  melting  at  114°  instead  of  152°. 
It  is  distinguishable  from  the  common  modification  in  other  ways,  bat 
resembles  the  latter  in  developing  a  yellow  colour  with  alkalis,  and  in 
yielding  camphorquinone  when  treated  with  nitrous  acid.  The  sub- 
stance must  be  regarded  as  an  unstable  form  of  uonitrosocamphori 
because  when  it  is  heated  above  114°  the  product  solidifies  before  the 
melting  point  of  the  better  known  modification  is  reached,  and  melts 
again  at  162—153°. 

The  investigation  of  this  interesting  substance  is  being  continued 
with  the  object  of  explaining  its  relationship  to  the  stable  isomeride, 
and  it  is  hoped  that  the  behaviour  of  the  compound  towards  hydroxyl- 
amine  may  assist  in  determining  the  configuration  of  the  four  dioximes. 
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li%  aetaoii  of  other  moj\  ohloridet  on  Mooitrotooamphor  ii  being  itudied 
lilto,  end  the  results  will  be  oommunioeted  in  a  subsequent  peper. 

EXPBBIMKNTAL. 

Th€  Dioxim€$  of  Camphorquinone. 

When  ironitrosocemphor,  dissolved  in  alcohol,  is  heated  with  hydr- 
xjUmiDe  hydrochloride  and  sodium  acetate,  the  a-  and  ^-diozimes  are 
ae  chief  prodoote,  along  with  about  10  per  cent,  of  the  newly  dis- 
covered 8-modification.  The  y  diozime  is  produced  alone  when  mo- 
nitrosooamphor,  dissolved  in  aqueous  sodium  hydroxide,  remains  with 
free  hydrozylamine  during  several  days  at  40 — 50°,  wliilst  the  8-di- 
ozime  is  formed  when  the  y-modification  is  fused  (135°),  or  heated  at 
100°  with  absolute  alcohol  in  a  sealed  tube. 

PrtpanUian  qf  the  a-  and  p-Dioximes. — One  hundred  grams  of  iso-, 
nitroeooamphor  were  dissolved  in  alcohol,  to  which  80  grams  of  hydr- 
oxy lamine  hydrochloride,  and  160  grams  of  crystallised  sodium  acetate 
dissolved  in  the  minimum  quantity  of  hot  water  were  added.  A  clear 
solution  having  been  produced  by  means  of  alcohol,  the  liquid  was 
heated  duriug  d^hours,  and  filtered  after  a  further  interval  of  12  hours. 
The  crystalline  product,  after  washing  with  cold  alcohol, and  extracting 
Brst  wiOi  200  c.c.  of  boiling  alcohol,  and  then  twice  with  100  c.c.  of 
Vie  hot  solvent,  weighed  25  grams  (A);  it  consisted  chiefly  of  the 
fi-diorime. 

The  united  filtrates  were  then  distilled,  and  the  residual  liquid,  when 
free  from  alcohol,  diluted  largely  with  water;  the  red  solid  thus 
obtained,  which  weighed  75  grams,  was  powdered  and  extracted  four 
times  with  250  c.c.  of  cold  ethyl  acetate  (B).  This  solvent  removed 
all  the  5  dioxime,  leaving  a  residue  of  25  grams,  consisting  of  a  mix- 
ture of  the  a-  and  )3-dioximes,  from  which  the  former  was  isolated  by 
boiling  with  1000  c.c.  of  ethyl  acetate,  filtering  the  liquid  24  hours 
after  cooling,  and  distilling  the  filtrate  uotil  500  c.c.  had  passed  over; 
the  residue  deposited  10  grams  of  colourless,  prismatic  needles  giving 
[ajo  -61*7°  in  alcohol,  and  this  product,  when  recrystallised  from 
boiling  alcohol,  provided  characteristic  crystals  of  the  adioxime, 
having  [a]©  -63-6°. 

The  /3-dioxime  was  obtained  from  the  residue  (A)  by  extracting 
twice  with  1000  cc.  of  boiling  spirit,  the  second  filtrate  depositing 
minute,  colourless  prisms  having  [ajp  -  26*8°  in  2  per  cent,  aqueous 
sodium  hydroxide. 

Preparation  of  the  yDioxime, — One   hundred   grams  of  uonitroso- 

imphor  were  dissolved   in  water  containing   90  grams  of  sodium 

hydroxide;    100   grams   of   hydroxylamine   hydrochloride  were  then 

dissolved  in  suflfident  water  to  bring  the  total  volume  to   1000  c.c, 
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and  added,  with  continual  stirring,  to  the  alkaline  liquid.  After 
remaining  in  a  warm  place  during  several  days,  the  liquid  was  filtered* 
and  acidified  with  dilute  sulphuric  acid,  which  at  first  precipitated  a 
yellow,  viscous  oil,  followed  by  a  colourless,  crystalline  solid;  with  a 
little  care,  it  is  possible  to  interrupt  the  process  when  the  oily  sub- 
stance is  completely  separated,  and  in  that  way  the  y-dioxime  may  be 
obtained  fairly  pure.  Recrystallisation  from  boiling  water,  if  con- 
ducted rapidly,  yields  minute,  colourless  needles,  melting  at  135°,  and 
giving  [a]o  +22*4°  in  alcohol. 

Freparation  of  the  SBioxime. — The  8-dioxime,  described  for  the  first 
time  in  this  paper,  occurs  as  a  by-product  in  the  preparation  of  the 
a-  and  ^S-dioximes,  and  can  be  isolated  from  the  cold  ethyl  acetate 
extracts  (B)  by  evaporating  these,  recrystallising  the  residues  from  a 
small  quantity  of  hot  alcohol,  and  then  extracting  the  product  with 
1700  c.c.  of  boiling  water :  this  deposits  crystals  having  [ajo  +40°, 
from  which  cold  ethyl  acetate  removes  a  small  quantity  of  the  8-dioxime, 
giving  [ajo  +75-9°. 

A  much  more  convenient  method  of  preparing  the  S-dioxime  consists 
in  dissolving  the  y-modification  in  twice  its  weight  of  alcohol,  and 
heating  the  solution  in  a  sealed  tube  at  100°  during  one  hour ;  the 
colourless  crystals  which  separate  from  the  solution  on  cooling  consist 
of  the  S-isomeride  in  a  highly  purified  form.  So  readily  does  this 
transformation  occur,  that  by  simply  evaporating  to  dryness  a  con- 
centrated alcoholic  solution  of  the  y-dioxime,  a  residue  is  obtained 
which  consists  almost  entirely  of  the  S-modification. 

The  y-dioxime  is  also  transformed  by  fusion.  Small  quantities 
of  the  substance,  not  exceeding  1  decigram,  may  be  heated  at 
145°  until  completely  fused ;  the  hard,  white  solid  obtained  on 
cooling  consists  of  the  8-dioxime,  giving  [a]o  +735°  after  a  single 
crystallisation  from  ethyl  acetate.  It  is  somewhat  difficult,  however, 
to  prepare  moderate  quantities  of  the  8-modification  by  this  process, 
as  the  fused  y-dioxime  frequently  changes  into  a  yellow,  uncrystallia- 
able  product  if  not  withdrawn  from  the  heating  bath  immediately  on 
fusion. 

The  a-dioonme  is  most  conveniently  crystallised  from  ethyl  acetate, 
which  deposits  it  in  beautiful,  transparent,  orthorhombic  prisms, 
which  melt  and  decompose  at  201°.  Although  colourless  when  pure, 
it  is  difficult  to  free  the  substance  from  a  yellow  stain,  which  is  very 
pronounced  in  large  crystals. 

A  solution  containing  0*3929  gram  in  25  c.c.  of  absolute  alcohol  at 
20°  gave  oo  -2°0',  whence  [oId  -63  6°;  0-6465  gram  dissolved  in 
25  C.C.  of  2  per  cent,  aqueous  sodium  hydroxide  gave  a^  —  6^5'.  in  a 
2-dcm.  tube,  whence  [a]o  -98*3^ 

It  forms  a   colourless  solution  in  aqueous  caustic  alkali,  and  on 
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adding  ferrous  nulphaia  to  this  liquid  a  ehooolalo-browu  precipitate  is 
formed.     When  disaolTed  in  absolute  alcohol,  the  a-dioxime  develope 
a  deep  red  coloration   with   ethereal   ferric  chloride.     Ammoniacal 
•ilrer  nitrate  is  slowljr  reduced  on  heating,  forming  a  mirror.    Sodium 
carbooato  eolution  diaaoWes  it  slowly  on  boiling.     One  gram  of  the 
•abstance  requires  for  its  solution  40  cc.  of  absolute  alcohol  at  2QP, 
150  C.C.  of  ethyl  aoeUte  at   IS"",  265  c.o.  of  chloroform  at  18^  or 
1700  cc  of  boiling  water. 
Dr.  T.  M.  Lowry's  crystallographic  report  is  in  the  following  terms 
"The  a*dioxime   was  obtained    in    splendidly   developed,   sharply 
pointed  prisms*  which  gave  very  bright  images  on  the  goniometer. 
*<  «S^Hmi.— Orthorhombic     a  :  6  :c-  16775  :  1  :  0*5150. 

Fig.  1. 


**  Formi  premnt. — The  crystals,  which  had  been  obtained  by  slow 
evaporation  of  a  solution  in  ethyl  acetate,  had  the  general  shape  shown 
in  Fig.  1,  the  forms  present  being  6{010},  p{nO},  q{01l\,  r{201}.  The 
dominant  forms  were  6  and  r. 

**The  following  angular  measurements  were  obtained  : 
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Meao. 
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i0»OlO:Oll 

«2'4r—  62*49' 

62*46' 

09=011:011 
Ip  =010: 110 

8                     54  16  —  54  49 

64  28 

64*80' 

18                    80  40  —  80  54 

80  48 



j»  =  110:lIO 

V=oio:aoi 

10                   118  14—118  84 

118  28 

118  24 

8        '  1        89  88—  90    4 

90    0 

90   0 

|»r=^110:J01 

74  27—  74  28 

74  27 

74  28 

»r=-nO:fOl 

106  26—106  89 

106  82 

106  82 

rq  =201:011 

40  84  —  40  48 

40  42 

40  46 

7^=201:  on 

189  11  —189  24 

189  19 

189  16 

rr  =201:201 

116  66—117    0 

116  68 

116  64 

rr  =201:501 

62  67—  68    9 

68    1 

63    6 
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**  Cleavage.- — The  crystals  are  very  hard,  and  have  no  definite  plane  of 
cleavage,  but  splinter  in  an  irregular  manner. 

**  Optical  properties. — The  extinctions  observed  on  examining  the 
crystals  in  a  parallel  beam  of  plane-polarised  light  were  in  accordance 
with  their  orthorhombic  symmetry.  A  brilliant  biaxial  figure  was 
seen  on  examining,  in  a  convergent  beam  of  polarised  light,  sections 
cut  perpendicularly  to  the  long  axis  of  the  prism.  The  optic  axial 
angle  is  exceptionally  small,  the  angle  for  red  being  greater  than  the 
angle  for  blue  light.  The  optic  axial  plane  is  parallel  to  the  faces  of 
the  form  {010},  and  the  acute  bisectrix  is  parallel  to  the  axis  of  a. 
The  double  refraction  is  positive  in  sign." 

The  pdioxime  is  the  most  sparingly  soluble  of  the  four  isomerides. 
It  crystallises  from  alcohol  in  minute,  colourless  prisms,  melting  and 
decomposing  vigorously  at  248°. 

Owing  to  the  sparing  solubility  of  the  )8-dioxime,  its  specific  rotatory 
power  when  dissolved  in  organic  solvents  could  not  be  determined, 
but  a  solution  containing  0*4666  gram  in  25  c.c.  of  2  per  cent, 
aqueous  sodium  hydroxide  gave  a^  —54'  in  a  2-dcm.  tube,  whence 
[ajo  -24-1°. 

It  is  practically  insoluble  in  boiling  sodium  carbonate,  and  forms  a 
colourless  solution  in  caustic  alkalis  which  yields  a  chocolate  pre- 
cipitate with  ferrous  sulphate.  When  boiled  for  some  time  with 
ammoniacal  silver  nitrate,  slight  reduction  of  this  agent  takes  place 
One  gram  of  the  substance  is  dissolved  by  590  c.c.  of  absolute 
alcohol  at  20°  3500  c.c.  of  ethyl  acetate  at  18°,  and  13,300  c.c  of 
chloroform  at  18°. 

The  )3-dioxime  has  been  obtained  also  by  heating  an  alcoholic  solution 
of  camphorquinone  with  hydroxylamine  hydrochloride  and  sodium 
acetate  dissolved  in  water,  until  the  yellow  colour  of  the  liquid 
disappeared. 

Dr.  Lowry  states  that  "  the  ^S-dioxime  had  separated  from  alcohol 
in  minute  prisms  which  were  too  small  for  crystallographic  measure- 
ment. The  prism  faces  showed  extinctions  parallel  to  the  edges,  and 
a  biaxial  figure  was  seen  through  a  section  across  the  prism.  It  is 
therefore  probable  that  in  this  case  also  the  crystals  belong  to  the 
orthorhombic  system,  and  that  the  axis  of  the  prism  is  the  acute 
bisectrix." 

The  y-dioxime  is  the  most  soluble  modification,  dissolving  with 
extraordinary  readiness  in  alcohol,  ethyl  acetate,  chloroform,  and 
bensene ;  it  separates  from  boiling  light  petroleum  or  water  in  minute, 
oolourlees  needles  which  melt  at  135°  to  a  clear  liquid  ;  this  becomes 
almodt  immediately  turbid,  and  then  solidifies.  Crystallisation  from 
water,  however,  is  liable  to  transform  a  portion  of  the  substance  into 
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tbo  d-^...j..a.ts  which  «e|Mtna«t  in  opaque  nodules ;  it  wm  owing  to 
this  propertj  that  the  S-iaomeride  was  first  isolated. 

A  solution  oontaining  0*3513  gram  in  25  o.o.  of  absolute  alcohol 
at  SP  gaTs  «oSr  in  a  i^iom.  tube,  whence  [a]t,  +22-4<';  04619 
gram  in  25  o.c.  of  2  per  cent,  aqueous  sodium  hydroxide  gave  a^  28' 
wbMice[«]D  -l-12-e^. 

The  y^dioxime  dissolves  readily  in  cold  sodium  carbonate,  forming  a 
olourless  liquid,  and  the  solution  in  caustic  alkalis  gives  no  distinctive 
precipitate  with  ferrous  sulphate.  When  dissolved  in  absolute 
alcohol,  it  develops  a  pale  brown  coloration  with  ethereal  ferric 
chloride ;  on  heating  the  liquid,  this  colour  changes  to  deep  red,  and 
returns  to  pale  brown  on  cooling.  The  substance  does  not  reduce 
ammoniaeal  silver  nitrate,  even  on  boiling. 

One  gram  of  the  y-dioxime  dissolves  in  1  c.c.  of  absolute  alcohol ; 
21*219  grams  of  a  solution  concentrated  at  19°  consisted  of  11*862 
grams  of  the  substance  and  9*357  grams  of  alcohol.  On  evapor- 
ating this  solution  to  dryness  on  the  water-bath,  the  product  gave 
[a]o  -(•68*4°,  showing  that  conversion  into  the  S-dioxhne  was  almost 
complete. 

The  S-<tocttws,  which  in  respect  of  solubility  lies  between  the  a-  and 
the  y^iodifieaiions,  separates  from  ethyl  acetate  in  transparent,  cube- 
like crystals,  and  melts,  evolving  gas,  at  199°  : 

0*2226  gave  27*8  cc.  nitrogen  at  20°  and  775  mm.     N  =»  14  57. 
CjqHjjOjNj  requires  N=  14*28  per  cent. 

A  solution  containing  0*2539  gram  dissolved  in  25  c.c.  of  absolute 
alcohol  at  21°  gave  aj,  1°32' in  a  2-dcm.  tube,  whence  [aju  -1-75-5°; 
0*4632  gram  dissolved  in  25  c.c  of  2  per  cent,  aqueous  sodium  hydr- 
oxide gaveao  3°6',  whence  [a]©  -I- 83*6°. 

It  dissolves  slowly  in  cold  sodium  carbonate,  and  forms  a  colourless 

solution  in  caustic  alkalis,  yielding  a  chocolate  precipitate  with  ferrous 

•olphate.     The  solution  in  absolute  alcohol  develops  a  deep  red  colora- 

n  with  ethereal  ferric  chloride,  exactly  like  that  produced  by  the 

modification ;    there    is    only    very    slight    reduction    of     boiling 

ammoniaeal  silver  nitrate.     One  gram  of  the  substance  requires  12*4 

c.  of  absolute  alcohol  at  20°  to  dissolve  it. 

Dr.  Lowry's  description  is  as  follows : 

**  The  S-dioxime  had  separated  from  a  solution  in  ethyl  acetate  in 
irly  well-formed  crystalf,  but  these  gave  very  poor  ioukges  on 
goniometer,  and  the  geometrical  constants  were  determined 
ly  with   difliculty ;  the  optical  properties   were,  however,   readily 

ved  : 
**  *Sy«<em.— Orthorhombic.     a:6:e«l '116:1: 0*573. 

N    N    2 
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"  Forms  pre8mt.—a{lOO},  b{010},  c{001},  p{nO},  q{OU}, 
*' Habit. — Two  distinct  types  of  crystal  were  present,  namely,  (1) 
Crystals  in  which  the  domes  p  and  q  are  the  dominant  forms,  and  the 
pinacoids  small  or  absent ;  these  are  often  elongated  along  the  axis  of 
c  as  shown  in  Fig.  2,  but  occasionally  the  development  in  this  direction 
is  slight,  and  the  p  faces  are  reduced  to  small  triangles.  (2)  Cube-like 
crystals  in  which  the  pinacoids  predominate  and  the  dome  faces  appear 
only  as  small  trlincations  on  the  edges  of  the  '  cubes,'  as  in  Fig.  3. 


Angle. 

Number  of 
measurements. 

Limits. 

Mean. 

Calculated. 

gS' =011:011 
qq  =011:011 
pp  =110:110 
;)p=110:110 

4 
4 
7 
8 

59'31'—  69*51' 
120  11  —120  38 
96    2—96  20 
83  36  —  83  54 

69-88' 

120  24 

96  14 

83  44 

69'86' 
96  16 

"  Cleavage. — The  crystals  of  this  diozime  possess  a  very  extraordin- 
ary cleavage.  The  main  cleavage  planes  appear  to  be  parallel  to  the 
faces  of  the  form  ^^{llO},  and  thin  sheets  often  break  away  from  these 
faces  when  the  crystals  are  mounted  on,  or  dismounted  from,  the  wax. 
But  there  is  an  almost  equally  pronounced  tendency  to  cleave  aloDg 
every  other  plane  parallel  to  the  vertical  axis  of  c.  So  marked  is  the 
tendency  to  cleave  in  this  way,  that  by  merely  rubbing  a  crystal 
between  the  thumb  and  forefinger  it  can  be  broken  down  into  a  mass  of 
needles.  Striations  parallel  to  the  axis  of  cleavage  often  appear  on 
the  faces,  and  the  structure  of  the  crystals  may  be  fairly  compared 
with  that  of  natural  asbestos  or  the  **  satin-spar  "  form  of  gypsum. 

**  Opiioal  Properiw. — In  accordance  with  the  orthorhombic  symmetry 
of  the  crystals,  extinctions  on  the  pinacoid  faces  occur  whenever  the 
plane  of  polarisation  is  parallel  to  one  of  the  square  edges  of  the  face. 
A  biaxial  figure  can  be  seen  on  examining  in  convergent  polarised 
light  a  section   parallel  to  the  form  6{010} ;  the  optic  axial  angle  is 
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hrg^y  and  greatttr  for  blue  than  for  red  light :  the  optic  axial  plane 
is  parallel  to  the  form  a{lOO},  and  the  acute  bieectriz  it  parallel  to  the 
axis  of  b.    The  double  refraetion  if  negative  in  sign. 

"  On  oonparing  the  propertiee  of  the  a-  and  S-dioximeA,  it  will  be  neen 
that>  in  spite  of  their  verj  similar  structure,  the  crystals  are  altogether 
different.  Both  exhibit  orthorhombic  symmetry,  but  the  axial  ratios 
difiTer,  the  habit  is  entirely  different,  and  its  extraordinary  cleaTSge 
difstinfniishes  the  S-dioxime,  not  only  from  the  isomeric  substances,  but 
also  from  almost  every  other  derivative  of  camphor  that  has  yet  been 
examined.  The  optical  properties  are  equally  distinctive,  for  the  optic 
axial  angle  is  twice  as  large  in  one  case  as  in  the  other,  the  optic  axial 
dispefsion  is  in  opposite  directions,  and  the  double  refraction  opposite 
in  sign,  in  the  two 


Tk€  Peroxide  of  the  Camphorquinonedioxiines, 

Twenty  grams  of  the  /3-dioxime,  when  dissolved  in  200  c.c.  of  10  per 
cent,  potassium  hydroxide,  and  treated  with  a  freshly  prepared  ice-cold 
solution  of  20  grams  of  bromine  in  100  c.c.  of  40  per  cent,  potassium 
hydroxide,  yielded  at  once  a  white,  granular  precipitate,  which,  after 
an  interval  of  1  hour  was  filtered,  washed,  and  dried  (weight  19 
grams).  The  substance,  after  two  crystallisations  from  hot  alcohol, 
was  deposited  in  crystals  resembling  ammonium  chloride ;  it  melts  at 
144*5^,  and  immediately  afterwards  evolves  gas  : 

0-1671  gave  0*3800  (X)j  and  01 15815,0.     C  -  62*02  ;  H  -  7*70. 
0*1620     „     211  c.c.  nitrogen  at  22*^  and  769  mm.     N  =  14*93. 
CioHhOjN,  requires  C- 61 -86;  H-7*22;  N- 14*43  per  cent. 

The  same  peroxide  is  obtained  when  the  a-dioxime  is  treated  with 
hypobromite.  It  is  slightly  volatile  in  steam,  is  quite  insoluble  in 
aqneoos  alkalis,  and  does  not  give  Liebermann's  resction  for  nitroso- 
oompounds.  The  snbstance  is  very  readily  soluble  in  chloroform,  ethyl 
acetate,  and  hot  alcohol,  but  being  only  sparingly  soluble  in  light 
jpetroleam,  is  most  conveniently  crystallised  from  that  medium. 

A  aolutton  containing  0*5008  gram  in  25  c.c.  of  absolute  alcohol  at 
ISO^,  gave  ap  1^12'  when  freshly  prepared,  diminishing  to  ap  45'  during 
hoars  ;  the  initial  8peei6#  rotatory  power  therefore  is  [a]o  +30°,  be- 
[ooming  constant  at  [a]o  +  18*7^ 

Reduction  with  Zinc  and  Acetic  Acid. — Three  grams  were  dissolved 
[in  30  c.c.   of  warm   alcohol,  and  treated  with  5  grams  of  sine  dost 
allowed  by  1  '5  grams  of  glacial  acetic  acid  diluted  with  a  few  c.c.  of 
>hol ;  after  10  minutes,  the  liquid  was  filtered,  and  diluted    largely 
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with  water,  which  gave  a  voluminous  precipitate.  This  product  evi- 
dently is  the  zinc  derivative  of  the  regenerated  dioxime,  because  when 
dry  it  weighed  5  grams,  dissolved  readily  in  alcohol,  contained  zinc, 
and  gave  [a]„  4-78-3°  in  a  1-5  per  cent,  solution  in  absolute  alcohol. 
It  was  therefore  dissolved  in  dilute  aqueous  caustic  potash,  and  acidified 
with  acetic  acid,  the  precipitate  thus  obtained  being  recrystallised  from 
ethyl  acetate,  which  deposited  the  characteristic  prisms  of  the  a-dioxime 
giving  [ajn  -  63*6°  in  a  1*5  per  cent,  solution  in  absolute  alcohol. 

Action   of   Benzoyl   Chloride   on   isoJVitrosocamphor. 

One  hundred  grams  of  isonitrosocamphor  were  dissolved  in  500  c.c 
of  water  containing  50  grams  of  sodium  hydroxide  ;  100  grams  of 
benzoyl  chloride  were  then  added  in  four  portions,  the  liquid  being 
cooled  and  well  shaken  after  each  addition. 

The  solid  obtained  in  this  manner  was  a  mixture  of  a  yellow  sub- 
stance with  a  white  one,  and  weighed  100  grams.  Extraction  with 
500  c.c.  of  boiling  light  petroleum  removed  almost  the  whole  of  the 
yellow  constituent,  and  after  digestion  with  a  further  quantity  of 
300  c.c,  the  colourless  residue  weighed  50  grams. 

Benzoyl  Derivative  of  \?,oNitrosocamphor. — The  warm  petroleum  de- 
posited bright  yellow  crystals,  which  were  redissolved  in  the  minimum 
quantity  of  hot  alcohol,  the  solution  being  then  cooled  rapidly  ;  the 
product  was  redissolved  in  hot  petroleum,  filtered  from  a  small  quantity 
of  the  colourless  compound,  and  then  recrystallised  from  alcohol  until 
the  melting  point  remained  constant  at  105 — 106°  : 

0-2035  gave  05347  COg  and  01258  HgO.     0  =  71*66  ;  H  =  6-87. 
0-4704     „     21-4  c.c.  nitrogen  at  20-5°  and  771  mm.     N  =  5-27. 
Oi^HigOgN  requires  0  =  71*93;  H«6*66;  N  =  4-91  per  cent. 

A  solution  containing  05006  gram  in  25  c.c.  of  chloroform  at  21° 
gave  an  5°50'  in  a  2-dcm.  tube,  whence  [ajn  +145-6°. 

The  benzoyl  derivative  is  readily  soluble  in  ether,  warm  petroleum, 
and  hot  alcohol,  and  very  readily  in  chloroform  ;  it  dissolves  sparingly 
in  cold  petroleum,  and  is  moderately  soluble  in  cold  alcohol,  from  which 
it  crystallises  in  large,  sulphur-yellow,  transparent  prisms.  The 
solution  in  chloroform  does  not  decolorise  bromine. 

Hydrolysis. — Forty-.seven  grams  of  the  yellow  benzoyl  derivative 
were  dissolved  in  absolute  alcohol,  and  treated  with  20  grams  of 
potassium  hydroxide  in  the  minimum  quantity  of  water.  The  red 
coloration  immediately  developed  showed  that  hydrolysis  takes  plaoe 
very  readily,  and  after  bei  ng  heated  during  1  hour,  the  liquid  was 
evaporated  to  dryness,  and  the  residue  dissolved  in  water.  On  paanog 
oarbon  dioxide  through  the  liquid,  %«onitro60oamphor  was  precipitated 
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:a  pale  yellow  orjtUla,  which,  when  reorjtUlliMd  from  boiling  light 
peiroleiiBi,  jielded  oolourleM  DMdlas  melting  at  153 — 153^ 

The  itenitroeooamphor  thus  regenerated  did  not  amount  to  more 
than  50  per  cent,  of  the  theoreiioal  quantity,  tho  remainder  being 
0(Mif<trted  probablj  into  a-camphornitrilic  acid  ;  on  repeating  with 
thia  aptoimen  the  benioylation  as  described  above,  the  yellow 
and  the  ookmrlen  derivatirea  were  obtained  in  approximately  equal 
quantiiiea. 

AeUon  oj  HydnxeyUumvn^ — Attempts  to  prepare  the  monobenxoyl 
derivative  of  a  oamphordioxime  by  the  action  of  hydroxylamine  on  the 
bensoyl  derivative  of  isonitroeocamphor  were  unsuccessful.  The  yellow 
compound,  when  treated  with  the  calculated  amount  of  hydroxylamine 
hydrochloride  in  alcoholic  solution,  gave  rise  to  an  oily  product  from 
which  a  few  crystals  separated  only  after  many  days.  In  the  presence 
of  sodium  acetate,  introduced  in  concentrated  aqueous  solution,  the 
reaction  led  to  the  production  of  the  a-dioxime  of  camphorquinone. 

ThA  CoIowtUms  Benzoyl  Derivative  from  i»o yUroeoeamphor. — The 
reddae  left  on  removing  yellow  benzoyliMnitrosocamphor  from  the 
cmde  product  by  means  of  boiling  light  petroleum,  consisted  of  colour- 
less, lostrous  leaflets ;  after  being  recrystailised  twice  from  hot 
alcohol,  it  melUat  ISe'': 

01653  gave  0*4370  CO,  and  00993  Hfl.     C-7210  ;  H-6-67. 
0-2813     „     12-6  cc.  nitrogen  at  19°  and  769  mm.     N-521. 
Cj^HjjOjN  requires  0*71-93;  H-6-66;  N-4-91  percent. 

A  solution  containing  I  -0008  grams  in  50  o.c.  of  chloroform  at  20^, 
gave  ttp  5°6'  in  a  2  dcm.  tube,  whence  [o]d  +127-4°.  The  colourleea 
benzoyl  derivative  is  also  distinguished  from  the  yellow  isomeride  by 
ts  comparatively  sparing  solubility  in  organic  media. 

Action   of  Light. — It  was  noticed  that  a  solution  in  chloroform, 
although  quite  colourless  when  freshly  prepared,  soon  became  yellow 
jwfaen  exposed  to  light ;  moreover,  liquids  in  which  this  change  had 
reddened  litmus  perceptibly  after  a  few  hoars,  whereas  a 
lotioo  prepared  in  dim  light,  and  protected  during  several  wests, 
remained  colourlees  and  neutral. 

The  2  per  cent,  solution  giving  [ajo  -1-127*4°  was  accordingly 
divided  into  two  portions,  one  of  which  was  exposed  to  daylight, 
whilst  the  other  was  protected.  After  2  days,  the  expossd  solution 
become  pale  yellow,  and  distinctly  acid  to  litmus;  the  specific 
ktory  power  diminished,  becoming  100^  in  10  days,  69^  in  18  days, 
in  40  days,  and  finally,  after  a  period  of  56  days,  remaining  con- 
it  at  [a]o  +  32°.  During  this  period,  the  liquid  had  become  almost 
lonrlees,  and  was  strongly  acid  towards  litmus  ;  on  evaporating  the 
loroform,  and  treating  the  residue  with  sodium  carbonate,  benzoic 
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acid  was  removed,  an  oil  remaining  undissolved.  This  neutral  sub- 
stance is  being  investigated  further. 

The  solution  which  had  been  protected  from  light  had  in  the  mean- 
while undergone  no  change.  The  specific  rotatory  power  remained 
unaltered  during  three  months,  after  which  period  the  liquid  was  etill 
colourless,  and  only  very  feebly  acid  ;  on  evaporating  the  chloroform, 
the  original  material  was  deposited,  and  after  one  crystallisation  from 
alcohol  melted  at  1 36°. 

Hydrolysis  of  tJie  Colourless  Benzoyl  Derivative. — Fifty  grams  of 
the  colourless  benzoyl  derivative  were  dissolved  in  400  c.c.  of  boiling 
absolute  alcohol,  and  the  solution  rapidly  cooled.  A  concentrated 
aqueous  solution  of  potassium  hydroxide  was  then  added  in  small 
quantities  to  the  liquid,  which  was  meanwhile  cooled  and  agitated, 
because  the  action  of  the  caustic  potash  developed  a  considerable 
amount  of  heat.  The  crystals  suspended  in  the  liquid  rapidly  dis- 
solved, and  each  addition  of  alkali  was  accompanied  by  the  develop- 
ment of  an  intense  yellow  coloration,  which  disappeared  in  a  few 
seconds ;  the  colour  became  fainter  as  the  operation  proceeded,  until 
the  liquid  remained  colourless  on  adding  more  caustic  potash,  this 
stage  being  reached  when  rather  more  than  one  molecular  proportion 
of  alkali  had  been  employed.  The  liquid,  when  evaporated  on  the 
water-bath,  left  a  residue,  which,  excepting  a  small  quantity  of  ethyl 
benzoate,  dissolved  completely  in  a  moderate  amount  of  water,  forming 
a  solution  which  yielded  a  considerable  proportion  of  a  colourless  oil 
on  further  dilution. 

The  product  was  shaken  with  ether,  and  the  aqueous  portion  freed 
from  ether  on  the  water-bath  ;  on  saturating  the  cold  liquid  with 
carbon  dioxide,  no  t'gonitrosocamphor  was  obtained,  and  dilute  sulph- 
uric acid  was  therefore  added,  yielding  a  colourless,  crystalline  pre- 
cipitate, which  weighed  35  grams,  and  consisted  of  benzoic  and 
a-camphornitrilic  acids.  An  attempt  to  separate  these  compounds  by 
means  of  the  lead  salts  having  failed,  advantage  was  taken  of  the  solu- 
bility of  the  first-named  acid  in  warm  light  petroleum,  which  does  not 
dissolve  cyanolauronic  acid  very  readily;  15  grams  remained  after 
three  extractions  with  about  200  c.c.  of  the  boiling  solvent,  and  this 
residue  was  recrystallised,  first  from  boiling  water,  then  from  dilute 
alcohol,  in  which  it  is  very  readily  soluble.  The  specimen  obtained  in 
this  way  melted  at  149°,  and  gave  [ajo  +73*2°  in  a  2  per  cent 
chloroform  solution  : 

01648  gave  03985  COj  and  01241  H,0.     C-65-95  ;  H-8-86. 
OioHj^OjN  requires  C  =  6630  ;  H  -  8*28  per  cent 

The  ethereal  extract  was  then  evaporated,  the  oily  residue  dissolyad 
in  ^  small  quantity  of  absolute  alcohol,  treated   with  a  few  grams  of 
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B  hjrdrozide  in  the  minimum  quantity  of  water,  and  after  an 
interval  of  12  bouns  distilled  in  a  current  of  steam.  Eight  grami  of 
a  coIoorleM  oil  having  a  faint  odour  were  thus  obtained.  The  inb- 
stance  boile  at  S77 — 378^  under  766  mm.  preetore,  hat  a  sp.  gr. 
1-0131  at  30°,  and  [a]p  +43*7°  at  the  same  temperature;  a  3  per 
cent,  solution  in  chloroform  gives  [a]n  -f  45*0°: 

0-1760  gave  04476  CO,  and  01 438  H^O.     C  -  6936 ;  H  -  908. 
C„HjgO,N  requires  C  -  6890  ;  H  -  909  per  cent. 

From  the  fact  that  camphorDitrilic  acid  is  produced  by  the  action 
of  alooholio  potash,  it  is  evident  that  this  substance  is  the  ethyl  ester 
of  that  add  (compare  Oddo,  JSar.,  1895,  28,  1915). 

Action  of  Acetic  Anhydride  on  i%o NitroBOcamphor. 

Fifty  grams  of  isonitrosocamphor  were  dissolved  in  180  c.c.  of 
water  containing  14  grams  of  sodium  hydroxide ;  acetic  anhydride 
was  then  added  in  small  quantities  while  the  liquid  was  shaken  and 
cooled.  When  the  yellow  colour  of  the  sodium  derivative  had  dis- 
appeared, a  sufficient  quantity  of  10  per  cent,  sodium  hydroxide  solu- 
tion was  added  to  restore  it,  and  the  addition  of  acetic  anhydride 
resamed.  This  alternating  treatment  with  alkali  and  acetic  anhydride 
was  continued  until  the  liquid,  although  alkaline,  was  no  longer 
yellow ;  30  grams  of  anhydride  had  then  been  added.  A  viscous  oil, 
which  was  suspended  in  the  solution,  was  extracted  with  ether  as  soon 
as  the  excess  of  acetic  anhydride  had  been  decomposed. 

The  aqueous  solution  was  acidified  with  dilute  hydrochloric  acid 
giving  a  bulky  precipitate  of  white,  silky  needles  ;  this  product,  which 
weighed  9  grams,  was  camphornitrilic  acid. 

The  viscous  oil  deposited  on  evaporating  off  the  solvent  from  the 
dehydrated  ethereal  extract  weighed  35  grams,  and  when  left  for  several 
days  in  the  desiccator  became  transformed  into  a  paste  of  crystals. 
The  solid  product  remaining  undissolved  by  cold  alcohol  was  found  to 
consist  of  the  anhydride  of  tjonitrosocamphor,  5  grams  being  obtained 
in  this  manner. 

The  alcoholic  filtrate  from  the  anhydride,  when  heated  with  1 1  grams 
of  potassium  hydroxide  dissolved  in  the  minimum  quantity  of  water, 
yielded  a  deep  red  liquid  ;  this  was  evaporated  on  the  water-bath,  the 
residue  being  treated  with  water  and  shaken  with  ether,  which 
removed  a  small  quantity  of  red  oil  On  passing  a  current  of  carbon 
^  dioxide  through  the  aqneons  liquid,  2  grams  of  ifonitrosocamphor  were 
r  pracipitated,  and  the  filtrate,  when  acidified  with  dilute  hydrochloric 
acid,  yielded  a  further  quantity  of  camphornitrilic  acid  weighing 
7  grams. 
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From  this  experiment,  it  appears  that  acetic  anhydride  converts 
Monitrosocamphor  into  a  mixture  of  the  true  acetyl  derivative  and  the 
;)»«uc/o-com pound,  a  small  proportion  of  the  wonitrosocamphor  under- 
going conversion  into  the  anhydride.  The  last-named  is  also  formed 
in  small  quantities  when  acetic  anhydride  is  added  to  the  dried 
potassium  derivative  of  isonitrosocamphor  suspended  in  ether,  but  it 
is  not  produced  when  acetic  anhydride  acts  on  i^onitrosocamphor  in 
pyridine,  the  sole  product  being  the  oily  mixture  of  acetyl  derivatives. 


The   Anhydride   oj  iao  yitroaocamphor. 

The  pale  yellow,  crystalline  substance  obtained  in  small  quantities 
when  the  dry  alkali  derivatives  of  isonitrosocamphor  are  treated  with 
acyl  chlorides  or  with  acetic  anhydride  (see  below),  and  formed  in 
larger  proportions  when  the  last-named  substance  acts  on  a  solution 
of  the  camphor  derivative  in  aqueous  sodium  hydroxide,  separates 
from  alcohol  in  small,  lustrous,  yellow  needles,  and  melts  at  187°  if  the 
temperature  is  raised  slowly ;  if  the  capillary  tube  is  plunged  in  acid 
at  150°,  and  the  temperature  raised  rapidly  to  190°,  fusion  does  not 
take  place  below  194°. 

0-1648  gave  0-4236  CO2  and  01315  H2O.     C  =  7010  ;  H  =  8'86. 
0-3946     „     29-2  c.c.  nitrogen  at  22°  and  765  mm.     N  =  8-43. 
C20H28O3N2  requires  0  =  6977;  H«8-U;  N  =  8-14  per  cent. 

0-5044  gram  in  25  c.c.  of  chloroform  at  21°  gave  ao  5°43'  in  a 
2-dcm.  tube,  whence  [a]o  +141*7°.  A  determination  of  the  molecular 
weight  in  benzene  gave  the  following  result : 


Molecular  Weight  0/ 

C,„H,AN>  181 ;  CjoH„,0,N 

^344. 

Grams  of 
benxene. 

Grams  of 
substance. 

Grams  cf 
substance  in 
100  grams  of 

benzene. 

Depression 

of  the 

freezing  point 

Molecular 
weight  deduced. 

17-489 

n 

tt 

000 

1-689 
8-375 
5-103 

0-254° 
0  584 
0-810 

829 
822 
821 

The  substance  does  not  yield  hydrogen  bromide  when  heated  with 
bromine ;  it  acts  vigorously  with  concentrated  sulphuric  acid,  form- 
ing a  solution  which  remains  clear  on  dilution.  On  hydrolysis  with 
alcoholic  potash,  it  yields  camphornitrilio  acid,  no  t«onitro80camphor 
being  regenerated. 
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Although  the  anhjdride  haa  been  obtmined  ina  Tartety  of  ways,  tha 
yiald  ia  always  vary  tman,  the  following  process,  although  far  from 
aatiafactory,  baing  the  most  ooQTonient.  Twenty  grams  of  yellow 
benaoyliaanitroaoeaMJphor  are  dissoWed  in  200  c.c.  of  dried  benaene 
and  heated  on  the  water-bath  with  25  grams  of  the  finely-powdered 
nntaasium  derivative,  the  conteotA  of  the  flask  being  frequently 
>tken ;  the  red  colour  of  the  alkali  derivative  soon  disappears,  the 
liquid  becooung  filled  with  potassium  bensoate  in  the  form  of  a  colour- 
lesa,  gelatiooiia  precipitate  which  becomes  granular  on  continued  boil- 
ng  ;  after  $  hour8,  the  product  is  shaken  with  water,  the  benzene 
Deiog  then  dried  with  calcium  chloride  and  evaporated.  The  yellow 
retidoe  eoon  hardens,  and,  when  moistened  with  alcohol  and  drained  on 
earthenware,  yields  about  18*5  grams  of  the  anhydride.  It  is  note- 
worthy that  the  sodium  derivative  of  uonitrosocamphor,  when  heated 
with  the  benaoyi  derivative  under  similar  conditions,  does  not  yield 
the  anhydride. 

TVan^ormatum  oj  the  Anhydride  on  Fusion. — When  the  anhydride 
-  melted  in  a  capillary  tube,  there  appears  to  be  an  evolution  of  gas ; 
if,  however,  a  few  decigrams  are  heated  in  a  test-tube  to  a  temperature 
slightly  above  the  melting  point,  no  definite  effervescence  is  observed, 
t  he  greater  part  of  the  substance  being  converted  into  a  colourless 
*i<]uid  which  soon  solidifies  to  a  hard,  sparingly  soluble  product;  a 
Muall  proportion  of  a  volatile,  pleasant-smelling  liquid,  which  accom- 
panies the  solid,  no  doubt  causes  the  fused  anhydride,  when  in  a 
narrow  tube,  to  appear  to  liberate  gas. 

The  solid  thus  obtained  was  drained  on  earthenware,  and  recrystal- 
liaed  twice  from  alcohol,  which  deposited  colourless  crystals  melting 
at  176°: 

0-2409  gave  175  c.c.  nitrogen  at  17' and  772  mm.     N-.8-56. 
C^H^OgN,  requires  N-8*14  per  cent. 

0-2951  gram  in  25  c.e.  of  chloroform  at  20*^  gave  ao  V\T  in  a 
2-4cm.  tube,  wbenoe  [a]o  -1-54*3''.  Hydrolysis  with  alcoholic  potash 
reeolvee  the  subetanee  into  camphomitrilic  acid  ;  and  it  is  therefore 
probably  the  anhydride  of  that  acid,  obtained  by  Oddo  and  Leonard! 
from  wonitrosocamphor  and  acetic  anhydride  or  acetyl  chloride 
{GazzeUa,  1896,  28,  i,  405),  although  the  melting  point  given  by  theee 
uthors  is  172— 173° (com pare  Haller  and  Minguin,  Compi,  nmL,  1896, 
123,  216). 
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Oxidation   of  iBoNitrosocamphor   with   Potassium 
Ferricyanide, 

The  conversion  of  wonitrosocamphor  into  the  anhydride  under  the 
influence  of  mild  dehydrating  agents  suggested  the  possibility  of  its 
resembling  the  dioxiraes,  and  yielding  a  peroxide  when  treated  with 
a  suitable  oxidising  agent.  This  would  be  a  product  of  some  interest, 
because  on  reduction  it  might  give  rise  to  the  stereoisomeric  tsonitroso- 
camphor  in  place  of  the  well-known  modification.  On  oxidising  it  in 
alkaline  solution  with  potassium  ferricyanide,  however,  a  quantitative 
yield  of  a-nitrocamphor  is  obtained,  although  the  formation  of  a 
colourless  precipitate  on  mixing  the  materials  seems  to  indicate  that 
the  peroxide  represents  an  intermediate  stage  in  the  oxidation. 

Ten  grams  of  isonitrosocaraphor  were  dissolved  in  100  c.c.  of  water 
containing  15  grams  of  potassium  hydroxide;  a  solution  of  25  grams 
of  potassium  ferricyanide  in  100  c.c.  of  water  was  then  added,  when 
a  bulky,  colourless  precipitate  was  formed.  In  the  course  of  a  few 
minutes,  this  substance  disappeared,  and  after  an  interval  of  1  hour 
the  clear,  deep  brown  solution  was  acidified  with  dilute  hydrochloric 
acid.  The  yellow,  crystalline  precipitate  thus  obtained  consisted  of 
a-nitrocamphor,  and  when  recrystallised  from  petroleum  melted  at 
103°. 


Action   of  Acyl   Chlorides   on   the   Alkali   Derivatives  of 
iso  Nitrosocamphor. 

The  sodium  derivative  of  t«onitrosocamphor,  prepared  by  dissolving 
100  grams  in  100  c.c.  of  water  containing  25  grams  of  sodium  hydr- 
oxide, and  adding  to  the  clear,  pale-red  solution  50  grams  of  the 
alkali  dissolved  in  the  minimum  quantity  of  hot  water,  separated  from 
the  liquid,  on  cooling,  in  lustrous,  yellow  spangles.  The  potassium 
derivative  produced  in  the  same  way  crystallised  from  the  hot, 
alkaline  liquid  in  lustrous,  red  leaflets.  Both  substances  dissolve  very 
readily  in  water  and  in  absolute  alcohol,  but  are  insoluble  in  ether. 

Action  of  Acetyl  Cfdoride. — The  finely  powdered  sodium  derivative 
was  suspended  in  ether  containing  calcium  chloride,  cooled  in  melting 
ice,  and  treated  with  acetyl  chloride  also  dissolved  in  ether,  until  the 
yellow  particles  had  disappeared.  The  insoluble  products  were  filtered, 
washed  several  times  with  ether,  then  treated  with  water,  and  finally 
washed  with  a  small  quantity  of  ether  on  the  filter  pump ;  on  recrys- 
tallising  from  hot  alcohol,  lustrous,  pale  yellow  needles  melting  at 
187°  were  obtained.  The  ethereal  solution,  on  evaporation,  deposited 
a  pale  yellow,  viscous  oil  which  did  not  crystallise  after  several  weeks 
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III  A  (ieuccAtor.  The  yellow  eel  id  oontitied  of  the  anhydride  of 
tjooitroeoouiiphor*  whilst  the  viacous  oil,  which  yielded  oamphor- 
nitrilic  Mid  and  Monitroepeamphor  on  hydrolysis,  was  probably  a 
mixture  of  acetyl  isonitroeooamphor  and  the  corresponding  p§nuUh 
deriTative. 

AeUom  <^  Dmmyl  Chlorid;— The  behaviour  of  sodium  Monitroeo- 
camphor  and  the  oonreeponding  potassium  derivative  towards  bensoyl 
chloride  was  studied  under  the  couditions  just  prescribed  for  acetyl 
chloride)  action  being  much  slower  than  in  the  case  of  the  latter ;  a 
•mall  proportion  of  the  anhydride  was  isolated,  but  neither  the  colour- 
lass  nor  the  yellow  benxoyi  derivative  of  itonitrosocamphor  was 
detacted  in  the  product 

ilflliew  qf  Pko$pkoru$  Oxifchloride, — ^The  dried  potassium  derivative 
was  suspended  in  ether  and  treated  with  a  dilute  ethereal  solution  of 
phosphorus  oxychloride ;  action  was  vigorous,  causing  the  solvent  to 
boil,  and  when  the  red  colour  of  the  alkali  compound  had  disappeared, 
the  pale  yellow  solution  was  filtered.  From  this  liquid,  which  de- 
posited an  oil  on  evaporation,  a  small  quantity  of  anhydride  was 
obtained,  whilst  the  product  insoluble  in  ether,  when  dissolved  in 
water  and  acidified,  yielded  camphornitrilic  acid. 


Action    o      m-Nitrobenzoyl    Chloride    on 
\%oNitr  08  0  camphor. 

Fifty  grams  of  isonitrosocamphor  were  dissolved  in  400  c.c.  of 
water  containing  25  grams  of  sodium  hydroxide ;  50  grams  of  ni-nitro- 
benzoyl  chloride  were  then  added  to  the  liquid,  which  was  cooled  and 
shaken  vigorously  until  the  oily  product  had  become  granular.  The 
filtered  product  was  crushed,  and  steeped  in  dilute  caustic  alkali,  being 
afterwards  dried,  and  extracted  with  400  c.c.  of  boiling  alcohol ;  the 
filtered  liquid  deposited  30  grams  of  minute  yellow  needles,  and  left 
5  grams  of  colourless  powder  undissolved. 

The  yellow  product  was  recrystallised  from  alcohol  until  the  melting 
point  was  constant,  forming  small,  pale  yellow,  lustrous  needles, 
melting  at  136—137**: 

0-1919  gave  15*3  c.c  nitrogen  at  20"^  and  743  mm.     N«8'90. 
CiyHijOjN,  requires  N  -  8*48  per  cent. 

0  5057  gram  in  25  c.c.  of  chloroform  at  21°  gave  ap  5^12'  in  a  2-dcm. 
tube,  whence  [a]o  + 128-5°. 

The  substance  is  insoluble  in  boiling  water,  and  not  very  soluble  in 
cold  alcohol,  although  dissolving  readily  on  boiling ;  it  is  also  readily 
soluble  in  ethyl  acetate,  benaene,  and  glacial  acetic  add,  and  very 


534      FORSTER:  STUDIES  IS   THE   CAMPHA.NE   SERIES.      PART   XI. 

readily  in  chloroform.     It  is  sparingly  soluble  in  boiling  petroleum, 
from  which  it  crystallises  in  minute  needles. 

The  colourless,  slightly  soluble  w-nitrobenzoyl  derivative  which 
remained  undissolved  by  the  boiling  alcohol,  was  dissolved  in  250  c.c. 
of  boiling  ethyl  acetate,  which  deposited  long,  lustrous,  rectangular 
leaflets  melting  at  152°  : 

0-2189  gave  15*8  c.c.  nitrogen  at  16°  and  759  mm.     N  =  8-40. 
Cj^HjgOjNg  requires  N  =  8'48  per  cent. 

The  substance  is  readily  soluble  in  chloroform,  and  moderately 
soluble  in  boiling  acetone,  from  which  it  crystallises  in  transparent, 
hexagonal  plates ;  it  dissolves  sparingly  in  boiling  alcohol,  and  is 
practically  insoluble  in  petroleum. 

A  solution  containing  0*5236  gram  in  25  c.c.  of  chloroform  at  20° 
gave  ai)  4°45'  in  a  2-dcm.  tube,  whence  [a],,  + 113*4°;  on  leaving  this 
liquid  exposed  to  light,  it  behaved  like  the  colourless  benzoyl  deriva- 
tive of  wouitrosocamphor,  becoming  yellow  and  acid.  During  8  days, 
the  specific  rotatory  power  fell  to  [ajo  +53°,  and  ultimately  remained 
constant  at  [o]d  +32^. 

A  Stereoisomeric  iso Nitrosocamphor. 

Considering  the  behaviour  of  the  yellow  and  the  colourless  benzoyl 
derivatives  of  tsonitrosocamphor  towards  alcoholic  potash,  it  was  to  be 
expected  that  the  corresponding  7u-nitrobenzoyl  derivatives  would 
yield  wonitrosocamphor  and  a-camphornitrilic  acids  respectively,  mixed 
in  each  case  with  m-nitrobenzoic  acid.  The  results  of  the  two 
hydrolyses  are  not,  however,  comparable,  and  although  a  complete 
account  of  the  changes  which  take  place  must  be  postponed,  sufficient 
progress  has  been  made  to  justify  the  description  of  an  interesting 
substance  having  properties  which  lead  to  the  conclusion  that  it  is  a 
stereoisomeric  wonitrosocamphor. 

When  small  quantities  of  the  yellow  m-nitrobenzoyl  derivative  just 
described  are  dissolved  in  alcohol  and  treated  with  excess  of  con- 
centrated potassium  hydroxide,  a  red  coloration  is  immediately 
developed,  and  on  evaporating  the  liquid,  a  very  dark  red  residue 
remains.  On  disholving  this  in  a  few  c.c.  of  water,  and  passing 
carbon  dioxide  through  the  liquid,  a  bulky  precipitate  is  soon  formed, 
and  if  this  is  Altered  at  the  pump,  drained  on  earthenware,  and  dried 
in  a  desiccator,  hot  light  petroleum  extracts  a  substance  which  is  more 
readily  soluble  than  ordinary  uonitrosocamphor,  and  crystallises  in 
lustrous  leaflets  melting  at  114°;  if  the  temperature  is  carried  to 
130—140°,  the  liquid  solidifles,  and  melts  again  at  152—153°  the 
product    being    indistinguishable    from   ordinary   Monitrosocamphor. 
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WImq  diawlvtd  id  glacial  aoetic  aoid  and  treated  with  lodium  nitrite, 
the  new  subelanoe  yields  oamphorquinone. 

A  eoltttion  containing  0*S169  gram  in  20  c.o.  of  chloroform  at  20^ 
gave  ao  ^^'  in  *  2^icm.  tube  when  examined  immediatelj  after 
preparation,  whence  [a]o  +172*9°;  this  specific  rotatory  power 
graduallj  inerea»ei).  howuvor.  uutil  afU>r  3  days  it  be<!anie  coiiHtant 
at  [a]o  + 195-9 

The  eabetancCf  like  uoaitrosocamphor,  gives  no  coioraliou  with 
ethereal  ferric  chloride.  It  develops  an  intense  yellow  culoration 
with  caustic  alkalis,  and  on  adding  a  dilute  solution  of  ferrous 
sulphate  to  the  yellow  liquid,  the  characteristic,  dark  blue  precipitate 
is  formed  as  in  the  caae  of  the  ordinary  modification. 

The  conditions  under  which  the  new  substance  is  obtainable  are  beiog 
further  inveetigated,  because  it  was  found  that  if  hydrolysis  is  carried 
out  with  only  theoretical  amounts  of  caustic  potash,  the  wonitroso- 
camphor  recovered  consisted  chiefly  of  the  common  form.  Twenty 
,  graoM  ol  the  m-nitrobenzoyl  derivative  treated  in  this  way  yielded 
I  9  granui  of  itonitrosocamphor,  from  which  boiling  light  petroleum 
extracted  a  mixture  of  snow-white  leaflets  and  needles  ;  the  product 
began  to  shrink  at  125^  melted  indefinitely  at  UO— IdO"",  and  gave 
[ajb  +192*1°  in  a  1*5  per  cent,  chloroform  solution,  rising  to  195° 
This  is  the  only  occasion  on  which  the  new  modification  has  been 
obtained  quite  colourless.  When  prepared  in  the  manner  indicated 
above,  it  is  invariably  stained  with  red,  and  a  specimen  has  been 
recrystalUsed  four  times  from  light  petroleum  without  becoming 
colourless;  the  ultimate  shade  of  red  was  certainly  paler,  and  the 
melting  point  remained  at  114°«  When  the  unstable  isonitrosocamphor 
is  mixed  with  the  better  known  modification,  the  melting  point  is 
indefinite,  and,  unlike  a  mixture  of  dissimilar  substances,  the  product 
melts  above  114°  or  below  152^,  according' to  the  form  which  pre- 
ponderatee. 

Reference  to  the  paper  of  Claisen  and  Manasse  {AtmaUn,  1893, 
274,  71)  shows  that  these  investigators  suspected  the  egjetence  of  a 
more  fusible,  unstable  isomeride,  they  having  experienced  great 
difficulty  in  raising  the  melting  point  of  ordinary  isonitroeocamphor 
by  recrystallisation.  I  am  able  to  confirm  their  observations  on  this 
point,  and  have  found  that  a  specimen,  which,  after  crystallisation 
from  water,  melted  indefinitely  at  140—145°,  and  gave  [ajp  +  191*2°, 
could  be  obtained  in  long,-  slender,  colourless  needles  melting  at 
152—153°,  and  giving  [aju  + 196  6°,  by  heating  it  during  a  few 
minutes  at  150°,  and  recrysUlliaing  the  product  from  boiling  light 
petroleum.  This  may  be  taken  as  the  specific  rotatory  power  of 
wonitrosocamphor,  and  not  [a]o  +221  9°  (Foieter,  Proc.,  1902,  18, 
238), 
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In  view  of  the  preceding  results,  the  hydrolysis  of  the  yellow 
benzoyl  derivative  of  isonitrosocamphor  was  repeated  under  comparable 
conditions,  but  the  course  of  the  reaction  was  identical  with  that 
previously  described  (p.  626). 


Action  of  Chloroacetic  Acid  on  i^Nitrosocamphor. 

Whilst  benzoyl  and  m-nitrobenzoyl  chlorides  have  each  furnished 
a  yellow  and  a  colourless  acyl  derivative,  chloroacetic  acid,  under  the 
conditions  described  below,  has  given  rise  to  one  substance  only ; 
this  is  colourless,  and  does  not  yield  wonitrosocamphor  on  hydrolysis. 

Fifty  grams  of  i^onitrosocamphor  and  25  grams  of  chloroacetic  acid 
were  dissolved  in  250  c.c.  of  absolute  alcohol,  and  treated  with 
21  grams  of  sodium  hydroxide  in  the  minimum  quantity  of  water;  a 
vigorous  action  ensued,  and  when  this  had  subsided,  the  liquid  was 
heated  during  half  an  hour  on  the  water-bath,  and  then  evaporated 
The  residue  was  dissolved  in  water  and  acidified  with  dilute  hydro- 
chloric acid,  which  precipitated  a  viscous  oil ;  this  was  washed  twice 
with  water,  dissolved  in  sodium  carbonate,  and  extracted  with  ether 
in  order  to  remove  a  small  quantity  of  deep  red  oil,  the  colourless 
liquid  being  ultimately  freed  from  ether  and  acidified.  The  semi-solid 
product,  when  treated  with  a  small  quantity  of  cold  alcohol,  yielded 
15  grams  of  a  substance  which,  after  further  purification,  crystallised 
from  boiling  water  in  colourless,  lustrous  needles  melting  at  163°  : 

0-1064  gave  0-2366  COg  and  0-0696  HjO.     C- 60-62  ;  H-7-26. 
0-3037     „     15-3  c.c.  nitrogen  at  17°  and  768  mm.     N  =  5-91. 
C12H17O4N  requires  C  =  60-25  ;  H  =  7-ll  ;  N  =  5-85  per  cent. 

0-5946  gram  in  20c.c.  of  chloroform  at  20°  gave  a^  8°36'  in  a  2-dcm. 
tube,  whence  [a ]d  +144-6°. 

The  substance  dissolves  in  sodium  carbonate  solution,  and  although 
readily  soluble  in  organic  media  generally,  it  is  practically  insoluble 
in  petroleum. 

My  thanks  are  again  due  to  Miss  F.  M.  G.  Micklethwait  for  carry- 
ing out  the  analytical  operations  required  in  this  investigation. 

Royal  Collbor  of  Scibnob,  London, 
South  Kbnsinoton,  S.W, 
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LIX. — S(ft({l(  (•    Camphane    &rtV/».     Part  XII. 

aa-Befizoylnitrocamphors       and       aa- BenzoyluKlo- 

camphor, 

Bj  Martin  Onslow  FoESTBRand  Ernest  Arthur  Jekkinson,  A.R.C.S. 

Hating  obtained  two  stereoisomeric  a-derivatives  from  benzojlcam- 
phor  and  m-nitrobensojlcampbor  containing  chlorine  and  bromine 
subatitueDte  (Trans.,  1902,  81,  160  and  406),  it  appeared  desirable 
to  ascertain  whether  benzoylnitrocamphor  and  benzoyliodocamphor 
could  also  be  produced  in  two  modifications. 

On  treating  with  nitric  acid  a  solution  of  benzoylcamphor  in  glacial 
acetic  acid,  a  crystalline  derivative  separates  from  the  liquid,  which 
subeeqaently  yields  an  isomeric  substance  when  diluted  with 
water.  In  most  of  their  relationship?,  these  compounds  resemble 
the  analogous  benzoylchlorocamphors  and  benzoylbromocamphors. 
They  are  neutral  substances,  and  give  no  coloration  with  ferric 
chloride.  The  more  soluble  one  melts  at  110°,  and  yields  a  readily 
soluble  m-nitro-derivative  melting  at  112 — 113°;  the  isomeric  benzoyl- 
nitrocamphor,  which  dissolves  sparingly  in  common  media,  melts 
at  225°,  and  gives  rise  to  a  w  nitro-derivative  melting  at  175°. 
When  hydrolysed  with  alcoholic  potash,  both  modifications  yield  benzoic 
acid  and  a'-nitrocamphor,  which,  in  the  case  of  their  nitro-derivatives, 
is  associated  with  7/i-nitrobenzoic  acid.  Concentrated  sulphuric  acid 
also  liberates  benzoic  acid  and  m-nitrobenzoic  acids  from  the  respec- 
tive pairs. 

The  specific  rotatory  power  of  the  benzoylnitrocamphors  is,  however, 
a  very  puzzling  feature  of  the  substances,  as  appears  from  the  follow- 
ing table : — 

Wd  in 
'^''>roform.  M.  p. 

a'-Benzoyl-a-chlorocamphor  -  28°  88° 

m-Nitro-derivative     +40  72 — 74 

o-Benzoyla'-chlorocamphor +26  219 

m-Nitro-derivative     +7  110 

a'-Benzoyl-a-bromocamphor  +10  114 

m-Nitro-derivative     +88  93—94 

a-Benzoyl-a'-bromocamphor -19  214 

m-Nitro-derivative    -26  101—102 

a'-Benzoyl-a-nitrocamphor    +163  110 

m-Nitro-derivative     176  112—113 

a-Benzoyl-a'-nitrocamphor  :  245  225 

m-Nitro-derivative  +178  175 

a'-Benzoyl-o-iodocamphoi  +48  136 

VOL.   LXXXIII.  O  O 
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Comparing  a-benzoylcamphor,  having  [a]D+125°  in  chloroform 
with  a'-nitrocamphor,  which  has  [ajn-  124°  in  benzene,  we  expected 
to  find  that  the  optical  activity  of  a-bonzoyl-a'-nitrocamphor  would 
be  very  feeble,  in  view  of  the  results  obtained  by  Lowry  with 
the  chloronitrocamphors  and  bromonitrocamphors,  and  of  the  experi- 
ments made  with  substituted  benzoylcamphors  to  which  reference 
has  been  made.  In  any  case,  it  seemed  unlikely  that  the  specific 
rotatory  power  of  a-benzoyl-a'-nitrocamphor  would  greatly  exceed 
+  100°  in  chloroform,  considering  that  a'-iiitrocamphor  has  [o]d  —27° 
in  that  solvent.  It  is  therefore  surprising  that  the  specific  rotatory 
power  is  [a]D  +  245°,  whilst  the  isomeride,  which,  for  the  reason  just 
indicated,  should  have  [aji,  lying  between  — 100°  and  0°,  has  [aj^  +  163°. 
We  are  compelled  to  leave  this  abnormality  unexplained  for  the 
present.  It  has  been  suggested  that  a  nitric  ester  of  enolic  benzoyl- 
camphor, 

which  would  be  isomeric  with  aa-benzoylnitrocamphor,  might  have  a 
high  rotatory  power,  but  the  occurrence  of  two  modifications,  the 
indifference  of  these  towards  bromine,  and  the  production  of  a'-nitro- 
camphor under  the  influence  of  alcoholic  potash,  seems  to  preclude 
such  a  formula  for  either  of  the  substances  derived  from  benzoyl- 
camphor. 

Although  the  more  fusible  benzoylbromocamphor  can  be  trans- 
formed into  the  isomeride  by  the  agency  of  hydrogen  bromide,  we 
have  found  that  the  corresponding  benzoylnitrocaraphor  resembles  the 
chloro-derivative,  and  remains  unchanged, 

Benzoyliodocaraphor  is  produced  when  iodine,  dissolved  in  potassium 
iodide,  is  ad<)ed  to  a  solution  of  enolic  benzoylcamphor  in  caustic 
potash.  It  is  a  pale  yellow  substance  which  melts  at  136°,  and  is  quite 
stable  in  the  solid  condition,  although  solutions  rapidly  turn  brown.  The 
alternative  method  of  preparing  benzoylchloro-  and  benzoylbromo- 
camphors,  namely  by  treating  the  camphor  derivative  dissolved  in 
acetic  acid  with  the  halogen  in  the  same  medium,  is  not  applicable  in 
this  case,  nor  have  we  succeeded  in  transforming  benzoyliodocamphor 
into  a  less  fusible,  and  comparatively  insoluble,  modification ;  hydrogen 
bromide  has  no  action  on  the  substance,  and  hydrogen  iodide  merely 
reduces  it.  The  speciBc  rotatory  power  of  benzoyliodocamphor  is 
[a]i,  +  47*7°,  and  as  iodocamphor  has  [a]o  + 160°  we  regard  the  new 
derivative  as  a'-benzoyl-a-iodocamphor. 
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KXPKIIMINTAL. 

• 

When  benioylcAmphor  is  dissolved  in  fuming  nitric  acid,  a  very 
▼tgorouR  Action  taken  place  spontaneooslj,  but  the  product  cannot  be 
made  to  jield  a  crystalline  substance.  If  nitration  is  carried  out  in 
glacial  acetic  acid,  however,  two  isomeric  substances  are  obtained  in 
proportions  which  may  be  varied  at  will 

Enolic  ben zoy loam phor  in  quantities  of  5  grams  was  placed  in  a 
aeries  of  small  beakers,  and  dissolved  in  50  c.c.  of  glacial  acetic  acid. 
While  the  solution  was  still  warm,  1*5  c.c.  of  fuming  nitric  acid  was 
added  to  the  contents  of  each  beaker,  which  became  hot,  and  evolved 
brown  fumes.  As  the  liquid  cooled,  small,  rectangular  plates  crystal- 
lised, and  after  an  interval  these  were  filtered,  the  filtrate  being  diluted 
largely  with  water,  which  precipitated  a  colourless  solid.  Under  these 
conditions,  25  grams  of  benzoylcampbor  furnished  7-5  grams  of  the 
sparingly  soluble  product  and  10*5  grams  of  the  isomeride,  but  if  a 
stronger  solution  of  benzoylcampbor  is  employed,  or  if  a  greater  pro- 
portion of  nitric  acid  is  added,  the  yield  of  the  readily  soluble  product 
is  very  greatly  diminished. 

a^Benzat/lHi-nitroeamphor  was  obtained  from  the  colourless  solid  pre- 
cipitated by  water  from  the  acetic  acid  filtrate.  Fifteen  grams  were 
treated  with  100  c.c.  of  75  per  cent,  acetic  acid  and  filtered,  the  filtrate 
being  rejected.  The  residue  was  extracted  twice  with  1  GO  c.c.  of  cold 
glacial  acetic  acid,  these  extracts  being  diluted  largely  with  water  ;  a 
white,  Bocculent  precipitate  was  obtained  in  each  case,  and  these,  when 
recrystallised  from  boiling  alcohol,  melted  at  110°. 

01565  gave  0  3880  00,  and  00934  H,0.     0-67-61  ;  H-6  63. 
0-2179     „     9-0  cc.  of  nitrogen  at  23=*  and  766  mm.     N-4-70. 
Cj^HijO^N  requires  0-67*77  ;  H-6*31 ;  N-4-65  per  cent. 

The  substance  is  very  readily  soluble  in  chloroform,  glacial  acetic 
acid,  and  boiling  alcohol,  crystallising  from  the  last-named  in  long, 
white  needles  ;  less  concentrated  alcoholic  solutions  deposit  it  in  well- 
formed  prisms. 

A  solution  containing  ^0*50 10  gram  in  25  cc.  of  chloroform  at  25° 
gave  od  6'»32'  in  a  2-dcm.  tube,  whence  [a]o  +  1630°. 

This  compound  is  insoluble  in  caustic  alkalis,  and  does  not  give 
Liebermann's  reaction ;  it  may  be  heated  with  boiling  bromine  in  the 
presence  of  iron  without  evolving  hydrogen  bromide.  Unlike  the 
corresponding  benzoylbromocamphor,  a'-benzoyl-a-nitrocamphor  is  not 
transformed  into  the  isomeride  by  fuming  hydrobromic  acid. 

O  O  2 
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a-Benzoyl-a-nitrocamphoo'  is  the  substance  which  crystallises  in  rect- 
angular plates  as  the  acetic  acid  cools. 

0-1476  gave  0-3688  CO2  and  0-0868  Ufi.     C  =  68-U  ;  H  =  6-53. 
0-2506  \,     10-0  c.c.  nitrogen  at  17°  and  764  mm.     N  =  4-66. 
C17H19O4N  requires  0  =  67-77  ;  H  =  6-31  ;  N  =  4-65  per  cent. 

A  solution  containing  0*4996  gram  in  25  c.c.  of  chloroform  at  20° 
gave  aj)  9°48'  in  a  2-dcm.  tube,  whence  [ajo  4-245-2°. 

The  substance  is  characterised  by  sparing  solubility  in  ordinary 
solvents,  1  gram  requiring  50  c.c.  of  boiling  alcohol,  which  deposits  it 
in  colourless,  rectangular  plates  melting  at  225°  and  evolving  gas. 
It  is  moderately  soluble  in  boiling  ethyl  acetate,  glacial  acetic  acid, 
acetone,  and  benzene,  but  dissolves  very  sparingly  in  the  cold  liquids ; 
from  the  two  first  named,  it  separates  in  the  same  form  as  from 
alcohol,  but  acetone  deposits  it  in  clear-cut,  hexagonal  prisms,  whilst 
from  benzene  it  crystallises  in  a  felted  mass  of  long,  silky  needles. 
It  is  insoluble  in  cold  petroleum,  and  dissolves  very  sparingly  in  the 
boiling  liquid,  from  which  it  separates  in  minute  needles ;  cold 
chloroform,  however,  dissolves  it  in  moderate  quantity. 

a-Benzoyl-a'-nitrocamphor  is  insoluble  in  caustic  alkalis,  does  not 
give  Liebermann's  reaction,  and  is  indifferent  towards  bromine. 
Attempts  to  reduce  it  with  zinc  dust  and  acetic  acid  were  unsuccessful, 
but  aluminium  amalgam  in  a  hot  dilute  alcoholic  solution  furnished  a 
liquid  which  reduced  ammoniacal  silver  nitrate,  although  no  definite 
hydroxylamino-derivative  could  be  isolated. 

Action  of  Alcoholic  Potassium  Hydroxide  on  Benzoylnitrocamphor, 

Five  grams  of  benzoylnitrocamphor  were  dissolved  in  300  c.c.  of 
absolute  alcohol  and  heated  with  2-5  grams  of  potassium  hydroxide 
during  2 — 3  hours.  The  residue  obtained  on  evaporating  the  alcohol 
was  completely  soluble  in  water,  and  gave  no  precipitate  when 
saturated  with  carbon  dioxide ;  had  the  substance  been  a  nitric 
ester,  enolic  benzoylcamphor  would  have  been  precipitated  at  this 
stage.  On  adding  dilute  hydrochloric  acid  to  the  aqueous  liquid,  a 
crystalline  precipitate  was  formed,  and  this  was  filtered,  washed  and 
dried  ;  it  was  then  heated  at  100°  during  several  hours.  The  product 
was  extracted  with  sodium  carbonate,  which  dissolved  the  benzoic  acid, 
the  residue  being  treated  with  a  small  quantity  of  alcohol  and  drained 
on  earthenware,  leaving  a  pale  yellow  solid,  which,  after  crystallisation 
from  alcohol  melted  at  193°,  evolving  gas  and  becoming  yellow;  it 
was  identified  as  the  anhydride  of  pseudonitrocamphor  (Lowry,  Trans., 
1898,  73,  996). 
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XT',    I         ;   •.  L        nxs    ^C(NO,)-CO-aH,-NOj 

aa-m-NxtrohmzoylnitrocamphorSt  CgHj^^Il^     *'  «    4        2 

Thtf  benzoylDitrocamphors,  in  quantities  of  5  grams,  were  dissolved 
in  25  c.c.  of  fuming  nitric  acid  (sp.  gr.  1'50),  a  slight  rise  of  tempera- 
ture occurring  in  each  case.  When  cold,  the  liquid  was  poured  into 
water,  which  precipitated  the  nitrobenzoyl  derivatives.  The  product 
from  the  benzoylnitrocamphor  which  melts  at  110°  being  somewhat 
pasty,  even  after  continued  washing,  it  was  extracted  with  a  small 
quantity  of  boiling  alcohol  before  being  crystallised  ;  the  isomeride, 
on  the  other  hand,  was  obtained  in  a  granular  condition  on  precipi- 
tation with  water. 

a-m-Nitrobenzoi/l-a-nitrocaniphor  is  moderately  soluble  in  boiling 
petroleum  ether,  from  which  it  crystallises  in  transparent,  rhomboidal 
plates  on  cooling  ;  it  melts  at  112 — 113°  : 

0-3366  gave  23*6  c.c.  nitrogen  at  18°  and  771  mm.     N=:8-22. 
Ci^HjgOgNg  requires  N  =  8*09  per  cent. 

A  solution  containing  05005  gram  dissolved  in  25  c.c.  of  chloroform 
at  20°  gave  a^  7°2'  in  a  2-dcm.  tube,  whence  [a]o  + 175-6°. 

The  substance  is  very  readily  soluble  in  chloroform,  ether,  benzene, 
and  ethyl  acetate  ;  it  is  insoluble  in  cold  petroleum,  and  is  dissolved  in 
only  moderate  quantities  by  methyl  and  ethyl  alcohols. 

a-m- Nitroheiizoyl-d-nitrocamphor  is  sparingly  soluble  in  boiling 
alcohol,  from  which  it  crystallises  in  lustrous,  rectangular,  straw- 
yellow  prisms;  it  melts  and  evolves  gas  at  175°  : 

01566  gave  11*6  c.c.  nitrogen  at  17°  and  746  mm.     N  =  8-44. 
Cj^HjgOgNj  requires  N  =  8*09  per  cent. 

A  solution  containing  0*5000  gram  dissolved  in  25  c.c.  of  chloroform 
at  20°  gave  0©  7^7  5'  in  a  2-dcm.  tube,  whence  [o]d  +  178-1°. 

It  is  much  less  readily  soluble  than  the  isomeric  substance,  dis- 
solving sparingly  in  ethyl  acetate,  glacial  acetic  acid,  and  boiling 
petroleum ;  it  is  scarcely  soluble  in  cold  alcohol,  but  dissolves  readily 
in  hot  benzene,  from  which  it  crystallises  in  transparent,  rectangular 
plates. 

When  heated  with  alcoholic  potash  under  the  conditions  prescribed 
for  benzoylnitrocamphor,  r/i-nitro benzoic  acid  and  a-nitrocamphor  were 
obtained. 
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Action  qf  Concentrated  StUphuric  Acid  on  the  Benzoylnitroccrniphorg 
and  their  m-Nitro-derivativei. 

When  a  benzoyl-a'-nitrocamphor  is  dissolved  in  concentrated  sul- 
phuric acid,  the  liquid  becomes  warm  and  pale  yellow,  and  if  poured 
on  crushed  ice  yields  a  snow-white  precipitate  of  benzoic  acid.  In  the 
case  of  the  isomeride,  the  solution  becomes  hot  and  deep  yellow,  yield- 
ing benzoic  acid  on  dilution.  In  neither  case  could  the  camphor 
residue  be  traced,  as  it  probably  undergoes  sulphonation. 

When  the  m-nitrobenzoylnitrocamphors  were  treated  with  concen- 
trated sulphuric  acid  in  the  same  way,  the  product  obtained  on  adding 
the  liquid  to  crushed  ice  remained  semi-solid  during  several  days. 
When  quite  hard,  the  powdered  product  was  extracted  with  sodium 
carbonate,  which  dissolved  m-nitrobenzoic  acid,  leaving  in  each  case  a 
small  quantity  of  a  neutral,  nitrogenous  compound,  which  has  not  been 
identified. 


BenzoyliodocamphoTy  CgHj^^Y 


CO-C.Hj 


Twenty  grams  of  enolic  benzoylcamphor  were  dissolved  in  aqueous 
potassium  hydroxide  (IJ  mols.),  and  slowly  treated  with  a  solution  of 
30  grams  of  iodine  (1^  mols.)  in  100  c.c.  of  aqueous  potassium  iodide. 
The  iodine  solution  was  added  in  small  quantities  to  the  well-stirred 
liquid,  when  the  halogen  was  immediately  decolorised,  brown,  sticky  clots 
being  produced  j  the  product  gradually  hardened,  and  when  granular, 
was  filtered,  digested  with  a  small  quantity  of  cold  alcohol,  and  washed 
without  delay  until  the  excess  of  iodine  had  been  removed.  The  sub> 
stance,  when  twice  crystallised  from  alcohol,  deposited  lustrous,  straw- 
yellow  plates,  melting  to  a  pale-brown  liquid  at  136° : 

01877  gave  01 137  Agl.     I- 32*73. 

Ci^Hj^OjI  requires  1  =  33*24  per  cent 

A  solution  containing  0'5024  gram  dissolved  in  25  c.c.  of  chloro- 
form at  21°  gave  oo  1°55'  in  a  2-dcm.  tube,  whence  [ajp  +47*7° 

Benzoyliodocamphor  is  readily  soluble  in  acetone,  chloroform,  and 
ethyl  acetate ;  it  is  moderately  soluble  in  alcohol,  glacial  acetic  acid, 
and  boiling  petroleum,  separating  from  the  last-named  in  transparent, 
hexagonal  plates.  Although  the  purified  substance  is  quite  stable  in 
the  dry  condition,  it  slowly  darkens  when  exposed  to  sunlight,  and 
solutions  undergo  a  complete  change ;  a  freshly  prepared  solution  in 
petroleum  ether,  for  example,  is  slightly  yellow,  but  soon  becomes 
pink,  and  ultimately  deep  violet,  whilst  an  alcoholic  solution  becomes 
dark  brown.  Keorystallisation  of  benioyliodocamphor,  therefore,  must 
be  carried  out  as  quickly  as  possible. 
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It  wmt  hoped  thai  Um  iodine  atom  in  benzoyl iodocamphor  would 
proTo  sufficiently  roeotive  to  undergo  exchange  for  the  cyanogen  group. 
The  oom  pound  undergoes  no  change  when  heated  in  benzene  with 
silver  cyanide  during  scTeral  days,  howeTer,  and  on  warming  it  with 
alcoholic  potassium  cyanide,  enolio  benzoylcamphor  is  regenerated. 
Bensoylbromocamphor  behaves  like  the  iodine  derivative,  whilst 
benaoylchlorooamphor  remains  unchanged.  An  attempt  to  prepare 
bensoylcyanocamphor  by  passing  cyanogen  into  a  solution  of  enolic 
benzoylcamphor  in  aqueous  potash  was  also  unsuccessful. 

Boiling  pyridine  has  no  action  on  benzoyliodocamphor,  but  the 
latter  is  sensitive  towards  oxidising  agents.  Cold  fuming^  nitric  acid 
liberates  iodine ;  and  concentrated  nitric  acid,  although  without  action 
at  first,  sets  free  the  halogen  on  warming.  Iodine  is  slowly  removed 
by  boiling  aqueous  potassium  iodide,  whilst  the  alcoholic  solution  of 
beozoyliodocamphor,  when  treated  with  ethereal  ferric  chloride, 
develops  a  pale  green  coloration  which  becomes  more  intense  and  then 
bluish,  the  final  tint  resembling  that  of  a  dilute  solution  of  benzoyl- 
camphor with  ferric  chloride.  Alcoholic  silver  nitrate  has  no  action 
on  the  aubetance  until  boiled,  when  precipitation  of  silver  iodide  takes 
place  slowly ;  moist  silver  oxide,  when  heated  with  beLzoyliodocam- 
phor  dissolved  in  alcohol,  undergoes  reduction  without  converting  it 
into  any  definite  substance. 

On  passing  chlorine  into  a  cold  solution  of  benzojliodocamphor  in 
dry  chloroform,  the  iodine  becomes  replaced  by  chloripe^and  a'-benzoyl- 
a-chlorocamphor  can  be  isolated  from  the  product.  The  production  of 
this  substance  in  the  manner  indicated,  taken  in  conjunction  with  the 
low  melting  point,  seems  to  indicate  that  the  iodo -derivative  is  the 
a'-benzoyl-a-iodocamphor. 

BOTAL  COLLKOS  Of  SciKNc,    ..    ..JuN, 

South  Kkksimotok,  S.W. 


LX. — The  Composition  of  Carols  Acid. 

By  Thomas  Slatbb  Pbicb,  D.Sc 

Thk  various  experiments  undertaken  to  determine  the  composition  of 
Caro's  acid  (Baeyer  and  Villiger,  jBer.,  1901,  34,  853;  Lowry  and 
West,  Trans.,  1000,  77,  950;  Price,  Btr.,  1902,  36,  292;  Armstrong 
and  Lowry,  Proc,  Roy.  Soc.,  1902,  70,  94)  lead  to  the  conclusion  that 
the  composition  of  the  undiluted  acid  probably  differs  from  that 
substance  in   solution.     In  the  former  case,  it  is  probably  H^^Oj^ 
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(Lowry  and  West,  loc.  cit.),  whereas  in  the  latter  case  the  composition 
is  represented  either  by  HgSOg  or  by  HgSgOj,. 

Since  my  former  results  are  not  in  accordance  with  the  formula 
HgSgOj,  (Armstrong  and  Lowry,  loc.  cit.),  I  have  therefore  deemed  it 
necessary  to  make  further  experiments,  although  the  method  employed 
is  not  as  accurate  as  that  of  these  authors.  The  method  I  used  to 
decide  between  the  two  formulae  H^SOg  and  HgS^Oj^  is  based  on  the 
following  considerations.  The  formation  of  Caro's  acid  from  potass- 
ium persulphate  and  concentrated  sulphuric  acid  can  be  represented 
by  the  following  equations  : 

(1)  If  th^ formula  is  H2SO5,  we  have 

K,S,03  +  H,SO,  =  H,S  A  +  KjSO,. 
The  HgSgOg  is  then  hydrolysed  by  the  water  present  according  to 
the  equation  : 

HgSgOg  f  H2O  =  H2SO5  +  H2SO4. 

For  every  molecule  of  Caro's  acid  formed,  the  acidity  (expressed  in 
grams  HgSO^,  since  HgSOg  has  the  same  titre  as  H2SO4)  will  increase 
by  an  equivalent  amount,  in  this  case  by  1  molecule. 

(2)  For  the  formula  H2S4O14  the  first  equation  would  be 

2K2S2O8  +  2H2SO4  =  2H2S2O8  +  2K2SO4, 
the  HoSgOg  then  splitting  up  into  hydrogen  peroxide  and  Caro's  acid, 
2H2S2O8  =  HgS^Oj^  +  H2O2, 

so  that  for  every  inolecule  of  Caro's  acid  formed  there  must  also  result 
1  molecule  of  hydrogen  peroxide.*  If  hypothesis  (1)  is  true,  then 
the  ratio  (a)  of  iodine  value  to  increase  of  acidity  (expressed  as 
H2SO4)  should  have  the  value  2*59.  According  to  the  formula  H^S^Oj^, 
the  ratio  (b)  of  the  iodine  value  to  the  amount  of  hydrogen  peroxide 
formed  should  be  7'47.  The  results  formerly  obtained  {Ber.y  1902, 
36,  294)  gave  2*56  as  the  mean  value  of  (a),  whereas  (b)  varied 
between  136  "0  and  566*7 ;  therefore  the  formula  should  be  HgSOg. 

Armstrong  and  Lowry  (loc.  cit.)  have  shown  that  in  all  probability 
the  formula  is  either  1128209(2112805  -  HjO),  or  else  the  acid  HjSO^  is 
monobasic.  The  formation  from  potassium  persulphate  would  then 
be  expressed  thus  : 

2K2S2O8  +  2H2SO^  =  2H28JO8  +  2K280^ 
2H,S208  +  H20       -   H282O9  +  2H2SO,. 

•  It  ia  very  doubtful  whotlier  hydrogen  peroxide  could  be  formed  under  these 
conditions,  since  it  would  have  to  be  liberated  in  tlie  presence  of  an  ezoeas  of 
concentrated  sulphuric  acid.  A  further  reaction  would  probably  take  place  ao- 
cordiog  to  the  equation  H,0,  +  4H^04  =  HjS40i4+4HaO.  There  would  then  be  a 
proportionately  large  dtcrease  in  the  acidity,  since  six  molecules  of  sulphuric  acid 
disappear  and  only  two  molecules  of  Caro's  acid  are  formed,  assuming  that  M«S40,4 
is  Uibasic.     The  results  obtained  indicate,  in  every  case,  an  increase  in  acidity. 
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Here,  agAiDi  for  every  molecule  of  Caro's  acid  forme<l  the  increase  ia 
acidity  (expressed  in  grams  H^SO^,  and  ansumiug  that  H^fi^  is 
dibasic)  is  also  equivalent  to  1  moleculo.  In  this  case,  however, 
U^Og  would  liberate  twice  as  much  iodine  as  H^O^  from  potassium 
iodide,  and  the  ratio  (a)  should  then  become  5*18,  whereas  1  formerly 
obtained  the  value  2*56. 

The  object  of  the  present  communication  is  to  explain  this  dis- 
crepancy. In  the  experiments  published  the  increase  in  acidity  was 
measured  by  means  of  a  solution  of  barium  hydroxide  which  happened 
to  be  available  at  the  time.  When  Caro's  acid  is  neutralised  with 
this  alkali,  it  is  at  the  same  time  decomposed  (Baejer  and  Yilliger, 
loe.  cU.)f  but  this  is  of  no  consequence  if  the  formula  is  H.^S05  and  the 
acid  dibasic  ;  if,  however,  the  formula  is  U^Sfig  (or  if  HgSOj  is 
monobasic),  then  the  increase  in  acidity,  as  determined  by  the  barium 
hydroxide,  is  twice  what  it  should  be,  since  1  molecule  of  HgSgOg  will 
give,  on  decomposition,  two  molecules  of  sulphuric  acid. 

Sodium  hydroxide,  which  only  decomposes  Caro's  acid  to  a  very 
small  extent,  should,  on  the  other  hand,  give  the  theoretical  value  518. 
The  experiments  were  carried  out  according  to  the  method  given  in 
the  previous  paper  {Ber.y  1902,  35,  293).  Caro's  acid  was  made  by 
the  action  of  5  c.c.  of  concentrated  sulphuric  acid  on  varying  weights 
of  potassium  persulphate.  Sulphuric  acid  was  slowly  added  from 
a  pipette  to  the  finely  powdered  salt,  the  mixture  being  thoroughly 
stirred,  and,  after  50  minutes,  diluted  with  ice,  and  then  made  up  to 
250  c.c. 

Caro's  acid  was  then  estimated  by  the  amount  of  iodine  liberated 
from  potassium  iodide.  This  must  be  done  in  dilute  solution,  other- 
wise the  unchanged  persulphate  and  the  excess  of  sulphuric  acid 
present  also  liberate  iodine.  As  is  shown  by  the  following 
figures  obtained  by  Mr.  A.  D.  Denning,  B.Sc,  who  employed 
5  c.e.  of  Caro's  acid  solution  diluted  with  varying  quantities  of  water, 
the  reaction  is  complete  in  a  very  short  time,  concordant  readings 
being  obtained  after  15  seconds,  1  minute,  or  2  minutes  when  the 
dilution  was  50  c.c.  : 


Dilution. 

Titration  after  15  sees. 

1  mio. 

2  mins. 

Occ. 

28-99  C.C. 

29-44  C.C. 

29-77  c.c. 

10  „ 

28-56   „ 

28-79  ., 

2918  „ 

20  „ 

28-49   „ 

28-64  „ 

28-70  „ 

30  „ 

28-15   „ 

28-61  „ 

28-52  „ 

.    •to,. 

28-45    „ 

28-47  „ 

28-50  „ 

50  „ 

28-45    „ 

28-49  „ 

28-48  „ 

It  is  especially  necessary  that  the  measurement  of  the  5  c.c.  of  the  sul- 
phuric acid  should  be  exact,  since  the  increase  in  acidity  is  very  small 
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accordingly  all  pipettes,  flafeks,  (tc.,  used  were  carefully  graduated. 
The  results  are  trustworthy  when  the  pipette  takes  about  5  minutes 
to  deliver,  as  shown  by  the  following  numbers,  each  of  which  was 
obtained  by  adding  5  c.c.  of  concentrated  sulphuric  acid  to  water, 
diluting  to  250  c.c,  and  titrating  2  c.c.  of  the  solution  against  standard 
sodium  hydroxide  solution  ;  the  amounts  of  this  reagent  required  were  : 
26-82,  26-88,  26-85,  26*84,  26-82  c.c.  respectively.  The  titration  of 
sulphuric  acid  with  barium  hydroxide  gives  accurate  results,  the  error 
being  less  than  1  per  cent. 

Hydrogen  peroxide  was  found  to  be  present  in  small  quantities  in 
every  case,  unless  special  precautions  were  taken  to  keep  the  tempera- 
ture as  low  as  possible  by  means  of  freezing  mixtures,  the  dilution 
being  carried  out  in  the  presence  of  a  large  excess  of  ice.  In  order  to 
estimate  the  peroxide,  25  c.c.  of  the  solution  were  titrated  with  potass- 
ium permanganate,  a  little  manganese  sulphate  having  previously  been 
added  to  act  as  a  catalyser  (Lowry  and  Wes^,  loc.  ciL).  That  this 
method  of  estimation  is  not  accurate,  especially  when  Caro's  acid  is 
present  in  large  excess,  is  shown  by  the  following  figures. 

Varying  quantities  of  a  solution  of  Caro's  acid  containing  only  a 
small  amount  of  hydrogen  peroxide,  as  shown  by  titanium  sulphate, 
were  titrated,  the  same  amount  of  manganese  sulphate  being  added  in 
each  case.     The  titrations  were  : 

(1)  5  c.c.  Caro's  acid  =  0-30  c.c.  KMnO^. 
10    „  „  ==0-42    ., 

15  „  „  =0-60  „ 

20  „  „  =0-69  „ 

30  „  „  =0-94  „ 

(2)  5  ,.  „  =1-75  „ 

25    „  „  =6-15    „         „ 


In  another  case,  a  mixture  of  hydrogen  peroxide  and  Caro's  acid 
was  made  and  then  titrated  : 

10  c.c.  mixture   -     5*60  c.c  KMnO^. 
25    „         „         -    13-08    „ 

These  discrepant  titrations  are  not  rendered  concordant  by  diluting 
to  the  same  volume,  and  the  difference  is  not  due  to  the  want  of 
sulphuric  acid  when  the  larger  volumes  are  titrated. 

Baeyer  and  Villiger  suppose  that  manganese  sulphate  acts  cata- 
lytioally  and  decomposes  Caro's  acid,  whereas,  according  to  Bach  (Ber,, 
1900,  33,  3111),  the  hydrogen  peroxide  and  Caro's  acid  are  simulta- 
neously decomposed  by  the  permanganate,  the  action  not  being 
catalytic.  If  potassium  permanganate  solution  is  added  to  pure 
(diluted)  Caro'g  acid  (acid  containing  no  hydrogen  |.eroxide),  there  ia 


PRICE:  TRB  COMPOSITION  OP  OABO'S  ACID. 


647 


no  action  between  the  two,  even  after  several  hours  (compare  Baejer  and 
Villiger,  Btr.,  1900,  33,  3488) ;  on  adding  a  little  manganese  sulphate, 
however,  a  slow  reaotiou  takes  place,  the  permanganate  being  reduced 
and  the  acid  deoomposed.  After  a  short  time,  a  deposition  of  a  higher 
oxide  of  manganeee  takes  place  and  the  evolution  of  gas  becomes  more 
marked,  the  supernatant  liquid  retaining  a  red  colour,  which  is  not 
dae  to  permanganate.  A  similar  reaction,  due  to  the  manganeee 
salphate  formed,  takes  place  when  hydrogen  peroxide  is  titrated  in 
the  presence  of  Garo's  acid,  but  in  this  case  it  is  possible  that 
**  chemical  induction  "  also  plays  a  part,  as  found  by  Schilow  in  similar 
oases  (^ei(./«r  Phytikal.  Chemie,  1903,  42,  641). 

Bfanganeee  sulphate  alone  also  decomposes  Care's  acid,  and  this 
would  account  for  the  excess  of  oxygen  found  by  Bach  in  his  titrations 
of  a  mixture  of  hydrogen  peroxide  and  this  acid. 

Since  the  amount  of  hydrogen  peroxide  present  was  always  very  small, 
and  in  each  case  there  was  an  iiicrease  in  acidity  (see  footnote,  p.  544), 
the  accuracy  of  the  measurement  does  not  greatly  matter,  it  being 
evident  that  the  formula  H2S4OJ4,  will  not  hold  for  the  diluted  acid. 
The  results  obtained  are  given  in  Table  I.  The  weights  given  re- 
present the  amounts  in  250  c.c. 

Table  I. 


W«p.t 

Increase  iu 

Increase  iu 

Hydrogen 

Iodine 

acidity  in 

Ratio 

acidity  in 

Ratio 

Ratio 

per- 
solute. 

peroxide  in 
grams. 

equivalent 
in  grams. 

grams 
(NaOH). 

a,. 

grams 

H2SO, 

[Ba(OH)J. 

Oj. 

b. 

2 

000657 

1-613 

0  336 

4-80 

0-534 

8-02 

245-3 

2 

0*00958 

1-613 

0-359 

4-49 

0-595 

2-71 

168-3 

2 

0-01090 

1'688 

0-336 

4-78 

0-557 

2-85 

146-3 

2 

000«57 

1-493 

0-319 

4-68 

0  549 

2-72 

227-2 

2 

0  00811 

1*682 

0-362 

4-50 

0-618 

2  64 

201-2 

2 

0  00822 

1-594 

0-352 

4*58 

0-C57 

2-86 

194  1 

8 

000448 

2-395 

0-479 

6-00 

0-831 

2-88 

534  1 

8-5 

0*00897 

2-720 

0-695 

4-57 

0-991 

2-74 

684-9 

4 

000581 

8191 

0-681 

4-68 

1-174 

2-72 

601-4 

Mean 

▼alnea 

466 

279 

8886 

It  is  evident  from  the  above  table  that  the  acid  is  not  H^S^Oj^, 
since  the  ratio  *'  b  "  has  a  mean  value  of  333*6,  and  in  every  case  an 
increase  in  acidity  has  taken  place.  The  value  of  (a)  varies  with 
the  alkali  used  in  determining  the  increase  in  acidity,  the  mean 
values  being  4-66  when  sodium  hydroxide*  is  employed  and  2*79  with 

*  As  a  mean  of  more  than  twenty  determinations,  Mr.  A.  D.  Denning  has  ob- 
tained the  yalne  4*68. 
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barium  hydroxide,  the  theoretical  values  being  5-18  and  2*59  respec- 
tively, if  we  assume  that  the  acid  is  HgSgOg  (or  HgSOg  acting  as  a 
monobasic  acid),  and  that  it  is  decomposed  by  barium  hydroidde  when 
titrated,  but  not  by  sodium  hydroxide.  The  discrepancy  existing 
between  the  observed  and  calculated  ratios  can  be  accounted  for  if  we 
assume : 

(1)  That  a  slight  decomposition  of  Caro's  acid  takes  place  when  it 
is  titrated  with  sodium  hydroxide. 

(2)  That  the  decomposition   is    not  quite    complete  when   barium 
hydroidde  is  used  to  neutralise  the  acid. 

A  fresh  series  of  experiments    was  made   with  a  view  to  testing 
these  hypotheses,  the  results  being  given  in  the  following  table : 

Table  II. 


Weight 

Increase  in 

Increase  in 

Iodine 

acidity  in 

Ratio 

acidity  in 

Ratio 

Corr. 

per- 
sulphate. 

equivalent 

grains 

grams 

ratio 

m  grams. 

H,SO, 
(NaOH). 

"i- 

[b"oh),]. 

a^. 

««• 

3 

2-209 

0-445 

4-97 

0-746 

2  96 

2-67 

3 

2205 

0-440 

5-01 

0-725 

3  04 

— 

2  227 

0-483 

4-61 

0-739 

3  01 

2-67 

S* 

2-873 

0-517 

4-59 

0-806 

2-94 

2-62 

2-332 

0-469 

4-97 

0-752 

310 

2-73 

2-243 

0-450 

4-99 

0-699 

3-21 

2-83 

8-399 

0-715 

4-75 

1-021 

8-39 

2-81 

6(T) 

3  617 

0-789 

4-59 

1-117 

3-24 

2  69 

Mean 

values  

481 

i 

1 

311 

2-71 

Somewhat  larger  quantities  of  potassium  persulphate  were  taken, 
80  as  to  decrease  the  error  of  measurement,  although  much  greater 
amounts  could  not  be  employed,  since  the  potassium  sulphate  formed 
is  so  sparingly  soluble  in  cold  water. 

JicUio  Uy — The  value  obtained  is  slightly  greater  than  that  given  in 
Table  I,  but  it  is  still  somewhat  lower  than  the  theoretical.  No 
deoomposition  takes  place  on  titration,  as  is  shown  by  the  following 
results.  Two  o.c.  of  Caro's  aoid  were  diluted  to  60  c.c,  potassium 
iodide  added,  and  the  liberated  iodine  titrated  with  sodium  thiosulphate. 
The  titrations  in  three  determinations  were  15*21, 15*25,  and  15*25  cc 
Two  0.0.  were  then  neutralised  with  sodium  hydroxide,  afterwards 
acidified,  the  volume  made  up  to  50  cc,  potassium  iodide  added,  and 
the  liberated  iodine  determined;  the  titrations  were  15*18  and 
15*20  o.c,  or  practically  the  same  values  as  before  neutralising. 

It  is  possible  that  Caro*s  acid  is  decomposed  on  neutralising  with  the 
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foiuiitioo  of  hjdrog«D  peroxide,  and  thus  the  same  amount  of  iodine 
is  set  free  before  and  after  neutralisation  with  sodium  hydroxide,  since 
1  moleeule  of  hjdrogen  peroxide  liberates  the  same  amount  of  iodine 
ae  1  Boleciile  of  Caro's  acid  (H^SO^).*  If,  however,  pure  Caro's 
add  is  neutralised  with  sodium  hydroxide,  under  the  same  conditions 
as  aboye,  then  hydrogen  peroxide  is  not  formed,  as  shown  by  the  test 
with  titanium  sulphate.  Since  no  decomposition  takes  place  on  titrat- 
ing, the  low  value  of  '*a"  cannot  be  explained  on  this  assumption. 
It  is  possibly  due  to  experimental  errors,  since  the  values  observed 
vary  from  4*59  to  5*01,  this  variation  being  greater  than  that  of 
the  theoretical  amount  from  the  mean  value  of  the  experimental 
numbers. 

Baiio  a^ — The  mean  value  in  Table  II  is  311,  which  is  greater  than 
that  in  Table  I,  but  in  both  cases  the  values  are  greater  than  the 
theoretical. 

By  applying  the  tests  employed  in  the  case  of  sodium  hydroxide,  it 
was  found  that  (1)  the  decomposition  due  to  neutralisation  was  not 
quite  complete,  and  (2)  that  hydrogen  peroxide  was  not  formed  during 
the  decomposition  under  the  conditions  of  experiment.t 

The  amount  of  decomposition  depends  on  the  strength  of  the  solu- 
tions used  and  on  the  time  of  titration)  so  that  concordant  results 
cannot  be  obtained.  This  explains  the  higher  value  3'11  indicated  in 
Table  11.  The  amount  of  decomposition  is  shown  by  the  following 
results.  Two  c.c.  of  Caro's  acid  before  neutralisation  had  an  iodine 
equivalent  of  16*24  c.c.  of  thiosulphate.  After  neutralisation  with 
barium  hydroxide,  the  iodine  equivalent  was  only  3'60  c.c.  of  thio- 
sulphate. 

These  numbers  serve  to  give  an  idea  cf  the  amount  of  decomposi- 
tion, and,  knowing  this,  the  corrected  value  of  a^  can  be  calculated  by 
soppoeing  that  the  amount  of  Caro's  acid  present  would  give  an 
inerease  in  the  acidity  of  x  c.c.  of  barium  hydroxide,  if  no  decomposi- 
tion took  plaoe,  whereas  the  increase  would  be  2x  c.c.  of  barium 
hydroxide  if  the  decomposition  were  complete.  Let  the  decomposition 
be  a,  then  the  undeoompoeed  Caro's  acid  is  1  -  a, 

and  .'.  increase  in  acidity  =  (1  -  a)a;  +  2(u;  c.c  Ba(OH), 

—  («  +  ax)  c.c. 

*  HydrogSB  psroxide  liberates  iodine  eomparttirely  slowly  from  potassinm  iodide, 
•o  that  a  titratiea  lasde  wi^^  one  minate  woald  not  indicate  the  whole  of  this 
compoond.  Siaee  the  nsolts  oUalned  before  and  after  nentraUsation  were  concordant, 
it  would  appesr  that  hydrogen  poioxide  is  abeent.  The  amonnt  of  salphuric  acid 
present  most  not  be  too  great,  howerer,  otherwise  iodine  is  liberated  by  its  action 
on  potassinm  iodide. 

t  If  a  concentrated  solution  of  barinm  hydroxide  is  added  to  a  strong  solotion  of 
Caro's  add,  small  qoantides  of  hydrogen  peroxide  ••eem  to  he  formed,  as  indicated 
by  the  titaaioa  sulphate  test 
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In  the  above  case  (marked  •  in  Table  II), 

16-24 -3-60     ^^^ 
^=      16-24      '^•^^' 
/.  a; +  0'78«  =  increase  in  number  of  c.c.  Ba(OH)j 
=  0-8060  gram  HgSO^  per  250  c.c. 
/.  2a;  =  0-9056      „     HgSO^ 
2'373 
and  .*.  corrected  ratio  (^2)  ~  (voIT^fi  ~  ^  ^^*    which   agrees    with    the 

theoretical  value.  The  mean  of  the  corrected  values  is  2*71,  which 
is  slightly  greater  than  the  theoretical  value,  the  difference  being 
probably  due  to  experimental  error. 

The  results  thus  obtained  are  in  agreement  with  those  of  Armstrong 
and  Lowry,  the  formula  for  Caro's  acid  being  either  HgSO,-  (monobasic) 
or  HgSgOg  (dibasic). 

The  University, 
Birmingham. 


LXI. — Salts  of  a  Mercaptoid  Isomeric  Form  of  Thio- 
allophanic  Acid,  and  a  New  Synthesis  of  Imino- 
carhaminethioalkyls. 

By  Augustus  E.  Dixon,  M.D. 

In  a  communication  published  from  the  author's  laboratory  in  1896 
(Trans.,  60,  324),  it  was  shown  by  R.  E.  Doran  that  from  ethyl 
chlorocarbonate  and  lead  thiocyanate,  a  carbethoxythiocarbimide  can 
be  obtained,  which  unites  with  ammonia,  thereby  yielding  carbethoxy- 
thiourea,  EtO'CO'N:0(8H)-NH2  (or,  assuming  it  to  be  of  the  thio- 
carbamidic  type,  EtO-CO-NH-CS-NHg),  melting  at  139—140°. 

It  is  uncertain  whether  this  carbethoxythiourea  is  identical  or  not 
with  a  product  obtained  by  Peitzsch  (5er.,  1874,  7,  896)  from  ethox- 
alyl  chloride  and  thiourea,  for  the  latter  is  mentioned  only  in  a  pro- 
liminary  notice,  and  the  description  is  limited  to  the  statement  that 
it  occurs  in  colourless,  rhombic  prisms,  having  the  formula  C^HgO^,^ 
Later  on,  Pawlewski  (5«r.,  1888,  21,  402)  obtained  from  ethyl  chloro- 
carbonate and  thiourea  a  solid,  to  which,  from  the  result  of  two  chlor- 
ine determinations,  he  assigned  the  formula 

NHjCS-NH*C0-0C,H5,H01 ; 
it  melted  at  117^  and  was  regarded  by  him  as  beiDg  probably  the 
hydrochloride  of  Peitzsch's  compound. 

There  are  difficulties  in  the  way  of  accepting  this  constitution,  for, 
apart  from  its  isomerism  with  Doran's  compound,  substituted  thioai 
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conUiniDg  electro- positive  groupt  either  do  not  form  hjdrooblorid^t, 
or  else  yield  them  with  dtfficultj,  and  hence,  if  subHtitution  were  to 
occur  at  a  nitrogen  Atom  hy  means  of  the  electro- negative  ciArbethoxy* 
group,  it  eeemt  reasonable  to  anticipate  that  the  power  to  form  a 
hydrochloride  would  now  be  lost. 

Biit  (iuppojiing  Pawlewski's  compound  to  be  a  hydrochloride,  and» 
consequently,  the  atomic  complex,  C^Ufi^^fi,  to  have  basic  properties, 
it  seemed  not  unlikely  that  this  supposed  NH,*CS*NH*C02Et,  might 
be  constituted  similarly  to  the  basic  derivatives  obtained  from  thio- 
ureas by  combination  with  alkylogens,  these  being  represented  by  the 
generic  formula  NH2*C(NH)*SR,  where  R  stands  for  any  hydrocarbon 
group  not  purely  benxenoid  in  character.^ 

Several  years  ago,  the  author  having  occasion  to  test  this  conjecture 
experimentally,  the  substance  was  re-examined  in  sufficient  detail  to 
distinctly  establish  its  general  character,  and  from  the  results,  which 
were  described  in  a  "  Note  on  ethyl  i«othioallophanate,"  incorporated 
in  Mr.Doran's  paper  (loc.  cii.,  339),  the  compound  was  inferred  to  be  the 
hydrochloride  of  a  base,  NH:C(NHj)-S'C02Et,  that  is,  carbethoxy-^- 
thiourea. 

According  to  M.  Seidel  (J.  pr.  Chem,,  1885,  32,  261^277),  phenyl- 
thiourea  and  ethyl  chlorocarboDate  interacted  with  evolution  of 
hydrogen  chloride,  carbon  dioxide,  and  ethyl  chloride,  giving  a  yellow 
oil,  from  which  yellow  crystals  slowly  separated  ;  these  could  not  be 
freed  from  the  adherent  oil  by  washing,  because  on  contact  with 
solvents  the  mixture  was  decomposed.  Nevertheless,  the  oily  product 
was  analysed,  with  results  leading  to  the  formula  CjqHijOjNjS  ;  the 
presence  of  sulphur  was  ascertained  by  qualitative  tests,  but  its 
amount  was  not  determined.  All  attempts  to  ascertain  which 
hydrogen  atom  of  the  phenylthiourea  was  replaced  by  CO,Et  proved 
fruitless.  But  as  Miquel  had  already  established  the  symmetry  of 
acetylphenylthiocarbamide,  and  of  the  corresponding  benzoylethyl 
derivative,  the  author  decided  to  represent  his  **  Carboxyaethylphenyl- 

sulfohamstoff  "  by  the  constitutional  formula    CS<r-,^rr  ?ux  /*»o  tt 

notwithstanding  that  a  compound  such  as  NH:C(NHPh)*S*CO,Et 
might  have  been  expected  to  result  from  the  above  interaction. 

It  may  be  noted  that  the  conclusion  drawn  by  Seidel  regarding  the 
position  assumed  by  a  negative  substituting  group  is  hardly  justifiable ; 

*  There  i^,  of  eoane,  no  reason  why  s  purely  aronuitic  gronp  should  not  enter 
into  sQch  etnabinatioii,  bat  tiie  aryl  haloids  appear  incapable  of  direct  interaction. 
The  author  has  made  several  nntaccesefal  attempts  to  effect  union,  by  treating 
phenylthiourea,  or  its  sodiom  deiivatiTa,  with  the  solution  of  a  diacobenzene  salt, 
in  the  hope  of  realising,  for  example,  the  change  : 

FhN:C<NH^-SH  +  PhN:NCl     =     PhN;C(NH,)-SPh  -f  EG  +  N^ 
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in  Miquel's  syntheses  (from  acetyl  and  benzoyl  thiocarbimides),  the 
negative  radicle  was  already  combined  with  a  nitrogen  atom,  but  it 
does  not  follow  that  when  introduced  by  means  of  its  haloid  derivative, 
the  radicle  must  necessarily  become  so  attached. 

However,  whilst  Doran's  investigations  {loc.  ci<.)render  it  quite  certain 
that  the  product  obtained  by  Seidel  from  ethyl  chlorocarbonate  and 
phenylthiourea  was  not  aft-carbethoxyphenylthiocarbamide,  it  remained 
to  repeat  Seidel's  experiments  in  order  to  ascertain  the  composition  of 
the  unstable  yellow  oil ;  this  has  now  been  done,  and  the  investigation 
extended  so  as  to  include  other  varieties  of  thioureas,  but  with  results 
so  different  from  those  of  Seidel,  that  the  author,  being  unable 
either  to  reconcile  them,  or  to  account  satisfactorily  for  the  dis- 
crepancies, must  rest  content  with  a  description  of  his  own  experi- 
ments. 

Preliminary  trials  showed  the  results  to  be  dependent  on  the 
temperature ;  for  if  heat  were  applied,  gas  was  freely  evolved,  whilst 
little  or  none  escaped  from  mixtures  allowed  to  remain  in  the  cold, 
although  interaction  also  took  place  in  the  latter  circumstances. 
However,  as  Seidel,  working  at  the  temperature  of  the  water-bath, 
had  observed  the  evolution  of  gases,  a  first  series  of  experiments  was 
conducted  under  like  conditions,  the  general  results  thus  obtained 
being  incorporated  in  Part  I  of  the  present  paper. 


Part  I. — Experiments  Conducted  under  the  Influence  of  Heat. 
Action  of  Ethyl  CMorocarhonate  on  Phenylthiourea. 

On  warming  on  the  water-bath  the  mixture  containing  excess  of 
chlorocarbonate,  diluted  with  two  or  three  times  its  own  volume  of 
dry  benzene,  in  a  flask  provided  with  reflux  condenser,  intei*action  set 
in  before  the  boiling  point  was  reached,  the  powdered  solid  melting  to 
a  viscid  oil,  which  quickly  swelled  up  into  a  vesicular  paste.  The 
escaping  gas  consisted  mainly  of  carbon  dioxide  ;  it  did  not  affect  lead 
acetate  paper,  but  traces  of  ethyl  chlorocarbonate  were  carried  over  in 
the  stream  of  carbon  dioxide.  In  an  hour  or  so,  the  effervescence  had 
ceased,  and  the  product  now  formed  two  layers,  the  under  one  con> 
sisting  of  the  oil,  and  the  upper  of  benzene,  in  which,  at  ordinary 
temperatures,  the  oil  is  nearly  insoluble ;  when  cold,  the  oily  layer 
became  so  viscid  that  the  flask  could  be  inverted  and  the  bensene 
drained  off,  the  residue  being  then  washed,  flrst  with  more  bensene, 
and  then  with  light  petroleum. 

Provided  that  a  good  excess  of  chlorocarbonate  had  been  used,  and 
the  heating  sufficiently  prolonged,  the  residual  oil  was  almost  com- 
pletely soluble  in  cold  water  (otherwise  unchanged  phenylthiourea 
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■fMumtod),  jrittlding  a  feebly  eeid  aolotion,  which  proved  to  oootain  a 
hydrochloride,  aod  when  mixed  with  aqueous  caustic  alkali,  had  an 
odour  of  mercaptan,  this  becoming  very  pronounced  and  disagreeable 
on  warming.  By  cautious  treatment  with  caustic  alkali,  or  alkali 
carbonate,  a  clear,  almost  colourless  oil  was  precipitated,  and  extracted 
with  ether ;  this  product,  which  was  highly  basic  and  free  from  chlorine, 
gaTe,  in  warm  alcoholic  solution,  a  dirty  yellow  precipitate  with 
ammoniacal  silver  nitrate ;  or  a  bright  yellow  precipitate  if  dissolved 
in  exeeea  of  caustic  potash  and  treated  with  a  lead  salt.  From  these 
properties,  it  was  dear  that  union  had  occurred  through  the  sulphur 
of   the    p  urea,   though  presumably    not   with   formation   of 

PhN:C(Ni     ,  >,Et,  since  the  Utter  would  yield  EtO-COSH  on 

hydrolysis,  and  thence  hydrogen  sulphide;  whilst  the  yellow  pre« 
cipitatee  showed  the  presence  of  metallic  mercaptida 

Bot  since  mercaptide  is  formed,  the  ethyl  group  must  have  entered 
into  direct  combination  with  the  sulphur  atom  ;  an  unexpected  result, 
but  one  easily  explained,  by  supposing  the  phenylthiourea  to  unite 
with  the  chlorocarbonate,  so  as  to  form  an  additive  product, 
PhN:C(NH,)-S-CO,Et,HCl,  the  basic  residue  of  which  then  decom- 
poses according  to  the  equation : 

PhN:qNH,)-S-COjEt  =  COj  +  PhN:C(NHj)-SEt. 

In  order  to  learn  whether  the  carbon  dioxide  was  evolved  in  an  amount 
consistent  with  such  a  view,  molecular  proportions  of  the  constituentF, 
mixed  with  a  little  dry  toluene,  were  very  gently  warmed  until  all 
sign  of  effervescence  had  ceased.  During  the  operation,  air  freed 
from  moisture  and  carbon  dioxide  was  slowly  drawn  through  the 
apparatus,  the  products  being  passed,  first  into  a  strong  solution  of 
silver  nitrate,  and  eventually  into  a  weighed  potash-bulb.  The  silver 
solution  only  became  slightly  opalescent,  and  consequently  the  evolu- 
tion of  hydrogen  chloride  was  negligible,  but  a  little  hydrogen  sul- 
phide came  over,  for  darkening  of  the  solution  occurred ;  the  weight 
of  carbon  dioxide  absorbed  in  the  potaf>h-bulb  was  equal  to  fifteen- 
sixteenths  of  that  theoretically  producible  from  the  quantity  of 
chlorocarbonate  taken  for  experiment 

Large,  well-formed  rhomboidal  crystals  gradually  separated  from 
the  oily  reaction-product ;  these  were  soluble  in  water,  and  probably 
consisted  of  the  hydrocUoride,  PhN:C(NU^)*SEt,Uai  or 

PhNH-C(NH)SEt,HCl, 
but  could  not  be  freed  from  the  accompanying  viscid  oil. 

In  view  of  the  mode  of  formation  of  this  hydrochloride,  and  the 
readiness  with  which  the  corresponding  base  decomposed,  even  at  the 
ordinary  temperature,  yielding  mercaptan,  there  could  be  little  doubt 
as   to  its  identity  with  Bertram's  ethyl   ester  of  iminophenylthio 
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carbamic  acid  (iminophenylcarbaminethioethyl),  obtained  from  ethyl 
iodide  and  pbenylthiourea  (Ber.,  1892,  26,  55);  this  is  described  as  a 
colourless  liquid,  easily  decomposed  by  caustic  alkalis,  with  production 
of  mercaptan,  and  forming  a  picrate  melting  at  196°.  For  the  pur- 
pose of  further  identification,  this  salt  was  prepared ;  when  twice 
recrystallised  from  boiling  water,  it  formed  bright  yellow  prisms  melt- 
ing at  196 — 197°  (corr.),  and  giving,  with  warm  silver  nitrate  and 
ammonia,  a  clear  yellow  precipitate. 

Action  of  Methyl  Chlorocarbonate  on  riienylthiourea. — A  moderate 
excess  (about  \\  mols.)  of  chlorocarbonate  was  used  in  the  presence  of 
benzene  ;  if  the  solvent  is  omitted,  the  product  is  a  stiff  glue,  distended 
by  the  escaping  gas  into  a  bulky  froth,  which  tends  to  rise  out  of 
the  liquid ;  chlorocarbonate  gradually  volatilises,  even  although  a 
reflux  condenser  is  used,  and  it  is  desirable,  when  the  action  seems  to 
be  complete,  to  add  a  little  more  of  this  reagent,  and  heat  for  another 
half-hour. 

As  in  the  preceding  case,  hydrochloric  acid  was  not  liberated  in 
notable  quantity,  neither  could  hydrogen  sulphide  be  detected,  although 
carbon  dioxide  came  off  abundantly;  the  residue,  when  freed  from 
benzene  by  washing  with  light  petroleum,  formed  a  viscid  pale  syrup, 
dissolving  readily  in  cold  water  if  the  action  had  been  completed  ;  its 
chemical  properties  resembled  those  of  the  product  obtained  from 
ethyl  chlorocarbonate. 

By  treating  the  dilute  aqueous  solution  with  normal  caustic  alkali 
until  precipitation  just  ceased,  the  corresponding  base  was  liberated  j 
oily  at  first,  but  quickly  hardening  to  a  white,  apparently  crystalline, 
solid  ;  this,  when  recrystallised,  first  from  weak  spirit,  and  then  from 
boiling  light  petroleum,  separated  in  long,  slender,  brilliant  prisms 
melting  at  69 — 70°  without  decomposition.  When  cold,  the  base  was 
practically  odourless,  but  smelt  very  foully  if  heated  much  above  100°. 
It  was  soluble  in  excess  of  caustic  alkali,  the  solution  giving,  with  lead 
acetate,  a  clear,  bright  yellow  precipitate,  which  dissolved  on  further 
heating,  the  liquid  remaining  colourless  and  clear,  even  when  boiled ; 
moreover,  the  alcoholic  solution,  if  treated  with  neutral  or  ammoniaoal 
silver  nitrate,  showed  not  the  least  sign  of  desulphurisation,  but  gave 
instead  a  bright  yellow  precipitate.  The  base  was  strongly  alkaline^ 
free  from  chlorine,  cmd  decomposed  very  readily  when  warmed  with 
solution  of  caustic  potash,  evolving  mercaptan : 


—  ^ ^  — ^ ^ 

Found  N-160,  17-0.  17-1 ;  S-18'8. 

0,H,<,N^  requires  N-16  9  ;  S 


19*29  per  cent. 


In  order  to  confirm  the  identity  of  this  substance  with  Bertram's 
tnethyl  ester  of  iminophenylthiocarbamio  acid  or  iminopheDyloarb- 
aminethiomethyl  (/oc.  cUi,  49),  the  acetate,  picrate,  and  hydriodide 
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were  alto  prepared  anil  vx  It  ill  It  li^a.  lnv  mni  wi  these  salts  melted  at 
114 — 115^;  the  aeoond  formed  large,  rectangular  scales,  melting  at 
176 — 177^,  and  having  a  splendid  lustre,  resembling  that  of  burnished 
brass ;  the  third  was  obtained  in  almost  white  needles,  melting  at 
145 — 146^,  and  giving  9*5  per  cent,  of  nitrogen,  against  9*55  calcu- 
enlated  for  C,HjoN^,HI.  Bertram's  figures  are  115^  175'',  and  147^ 
respeeiivel J ;  for  the  melting  point  of  the  pure  base,  he  gives  71^, 
whilst  that  observed  in  the  present  instance  was  69 — 70^^. 

Methyl  chlorocarbonate,  therefore,  when  heated  with  phenyltliiourea, 
behaves  similarly  to  its  ethyl  homologue,  the  interaction  occurring 
substantially  as  follows : 

MeO-CX)-Cl  +  PhNH-C(Nir)-SH  =  CO.,  +  PhNH*C(NH)-SMe,HCl. 

The  yield  of  crude  hydrochloride  was  geuerally  almost  quantitative; 
and  the  weight  of  precipitated  base  often  reached  84  per  cent,  of  the 
theoretical. 


Aclion  of  Methyl  CfdorocarbonaU  on  ^TolyWdourea. 

The  product  formed  a  clear  syrup,  almost  entirely  soluble  in  cold 
water,  and  evolving  mercaptan  when  warmed  with  caustic  alkali ;  by 
allowing  the  solution  in  alcohol  to  evaporate  slowly,  it  was  obtained  in 
moist,  dirty  yellow  prisms,  the  yield  of  crude  material  being  approxi- 
mately quantitative. 

The  salt  was  dissolved  in  a  little  absolute  alcohol,  and  treated  with 
ether,  whereby  an  oil  was  precipitated,  soon  changing  to  a  crystalline 
solid ;  the  latter,  however,  was  still  impure,  for  its  aqueous  solution 
(which  was  neutral  to  litmus)  became  brown  on  treatment  with 
ammonia  and  silver  nitrate ;  moreover,  the  melting  point  was  very 
indistinct.  The  solid  effervesced  with  sulphuric  acid,  giving  off  fumes 
of  hydrogen  chloride,  and  its  cold,  aqueous  solution  yielded  a  white 
precipitate  of  silver  chloride  on  the  addition  of  neutral  silver  nitrate. 

To  obtain  the  corresponding  base,  a  quantity  of  the  hydrochloride 
was  mixed  with  cold  water,  and  a  small  residue  collected  ;  when 
purified  by  recrystalUsation  from  alcohol,  this  melted  at  182 — 183®, 
and  was  identified  as  /^-tolylthiourea.  On  treating  the  clear  filtrate 
with  normal  alkali,  a  clear,  basic  oil  was  precipitated,  having  chemical 
properties  similar  to  those  of  its  congeners.  A  nitrogen  determination, 
made  with  the  crude  oil,  showed  N  s  15*3  per  cent.;  this  figure  is  rather 
low  for  CgHjjNjS,  which  would  require  N  — 15  59  per  cent.  The  base 
was  now  dissolved  in  weak  hydrochloric  acid ;  from  the  solution,  when 
reduced  to  a  small  bulk,  long,  white  prisms  were  deposited,  rather 
deliquescent,  and  melting  at  154 — 155*^.  A  determination  of  the 
combined  hydrochloric  acid,  by  Yolhard's  method,  gave  HCl>el6'2, 
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and  nitrogen  was  found  to  be  13  0  and  13*1  percent. ;  CgH^gNjSjHCl 
would  require,  HCl  =  16*83,  and  N  =  12*96  per  cent.  With  alkaline  lead 
or  silver  salts,  the  solution  now  gave  clear,  bright  yellow  precipitates, 
yielding  practically  no  trace  of  metallic  sulphide,  even  when  boiled. 
From  the  salt  thus  purified,  the  base,  imino-^-tolylcarbamineUdoiiiethyl 
[methyl  imino-i^-tolylthiocarhamate],  was  displaced  once  more  by  alkali, 
but  still  formed  an  oil,  which  showed  no  tendency  to  become  solid. 

Action  of  Methyl  Chlorocarbonate  on  o-Tolyllhiourea. 

The  process  was  carried  out  as  previously  described ;  the  product,  a 
clear,  yellow  oil,  after  a  while  became  very  viscid,  its  chemical 
characters  being  similar  to  those  of  the  para-compound.  The  yield 
was  almost  quantitative,  but  the  oil  showed  marked  desulphurisation 
with  ammonia  and  silver  nitrate,  and  the  combined  hydrochloric 
acid  was  found  to  be  08  per  cent,  below  the  figure  calculated  for 
CgHjgNgSjHCl.  When  mixed  with  water,  some  unchanged  o-tolylthio- 
urea  separated  (3  per  cent,  of  the  amount  employed),  and  the  filtered 
solution,  which  was  not  quite  clear,  had  a  distinct  odour  of  thiocarb- 
imide.  By  treatment  with  normal  caustic  alkali,  the  free  base  was 
obtained  ;  it  formed  a  granular  powder,  melting  at  100 — 101°,  and  was 
very  nearly  pure  ;  for  although  a  trace  of  silver  sulphide  was  visible 
on  treating  the  alcoholic  solution  with  silver  nitrate,  the  percentage  of 
nitrogen  proved  to  be  15*6,  instead  of  15*59,  calculated  for  Cj^HjjNgS ; 
the  yield  was  81  per  cent,  of  the  theoretical.  When  recrystallised 
from  boiling  light  petroleum,  and  then  from  dilute  alcohol,  it  separated 
in  white,  lozenge-shaped  prisms,  melting  at  101 — 102°,  very  freely 
soluble  in  alcohol,  nearly  insoluble  in  water,  and  highly  alkaline  to 
litmus,  &c.  Silver  nitrate  no  longer  caused  any  desulphurisation,  and 
the  nitrogen  was  now  found  to  be  15*7  per  cent. 

In  all  its  general  chemical  properties  this  compound,  imino-o-tolyl- 
earbaminethiomethyl  [methyl  imino-otolylthiocarbamate]  precisely  re- 
sembles its  congeners,  described  above. 

Action  of  Methyl  Chlorocarbonate  on  AUylthiourea. 

The  hydrochloride  formed  a  syrup,  subsequently  changing  to  a  deli- 
quescent solid,  the  melting  point  of  which  could  not  be  determined 
satisfactorily ;  it  was  insoluble  in  carbon  disulphide  or  light  petroleum, 
nearly  so  in  benzene,  but  easily  soluble  in  water,  alcohol,  or  chloro- 
form ;  from  the  latter  it  was  precipitated  by  ether  as  an  oil,  which  in 
a  little  time  deposited  vitreous  prisms,  these  being  further  purified  by 
precipitating  the  alcoholic  solution  by  ether : 

HOl-21'7.    N«  16-0  and  16*9. 

CgHtoN^iHCl  requires  HCl- 21-88,  and  K-  16*86  per  oent 
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With  alkaline  lead  and  silver  talte,  clear,  bright  yellow  preotpitatee 
were  obtained ;  oaustio  alkali,  when  added  to  the  aqueous  solution 
(which  is  Dtntral — this  property  being  common  to  the  hydrochlorides 
of  all  such  baaet  when  they  are  pure)  gave  no  precipitate,  but  the 
mixture  decomposed  [yerj  readily,  even  without  application  of  heat, 
yielding  meroapiaD. 

As  the  deli(]ttesoent  hydrochloride  proved  rather  difficult  to  handle, 
and  there  seemed  to  be  little  prospect  of  isolating  the  corresponding 
unstable  base  in  a  pure  condition,  its  ,picrate  was  prepared  ;  this  salt 
formed  brilliant,  orange-yellow,  flexible,  hair-like  needles  containing 
no  chlorine  and  melting  at  149 — 150^  (corr.).  Warm  caustic  alkali 
dissolves  this  substance  freely,  the  solution  having  a  disagreeable 
odour  of  mercaptan,  and  the  escaping  vapour  turning  lead  acetate  paper 
yellow.  A  nitrogen  determination  gave  N  =«  19-5.  C5H,(jNjS,CgH307N, 
requires  N=  19-54  per  cent. 

Methyl   CMarocarbonats  and  CarheiJioxy thiourea. 

Interaction  readily  occurred  on  warming ;  after  the  benzene  had 
been  expelled,  cold  water  extracted  from  the  residue  a  white,  some^ 
what  deliquescent,  crystalline  solid.  When  warmed  with  caustic 
alkali,  the  product  smelt  of  mercaptan,  and  gave  with  lead  acetate  solu. 
tion  a  yellow  precipitate,  and  hence,  no  doubt,  consisted  in  part  of  the 
hydrochloride  of  iminoairheihoxycarhainineifiioethyl  [ethyl  iminocarh- 
ethoxyihiocarbamate\  EtO'CO-NH*C(NH)-SEt,  but  the  solution  was 
markedly  desulphurised  by  ammonia  and  silver  nitrate ;  the  quan> 
tity  of  material  obtained  amounting  to  only  a  few  grams,  and  the  pro- 
portion of  impurity  being  apparently  considerable,  the  product  was 
not  further  examined. 

So  far  as  may  be  judged  from  the  foregoing  experiments,  the 
interaction  between  alkyl  chlorocarbonates  and  monosubstituted 
thioureas  would  appear  to  be  generic  ;  it  remained  to  be  seen  whether 
symmetrical  disubstituted  thiocarbamides  would  yield  compounds  of  a 
amilar  class,  for  instance,  PhNII*C(NPh)«S£t.  Aocording  to  Seidel  {loc. 
mL)f  this  11  not  the  case,  for  ethyl  chlorocarbonate  and  thiocarbanilide 
eondenae  with  elimination  of  hydrochloric  acid,  to  yield  the  trisub- 
ttituted  thiocarbamide,  PhN(002Et)*CS*NHPh,  which  melts  at  95^. 
In  order  to  verify  this  statement,  the  interaction  was  re-examined. 

Action  of  Ethyl  Chlorocarbonate  on  Diphenyllhioeairhamide. 

The  constitoenta  named  were  gently  heated  as  before,  and  yellow 
needles  obtained,  which,  when  purified  by  recrystallisation,  became 
colourless  and  melted  sharply  at  the  temperature  given  by  Seidel, 
namely,  95®, 
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The  product  was  somewhat  acid  to  litmus,  and  free  from  chlorine  ; 
a  nitrogen  determination  gave  9*5  per  cent.,  whilst  CjgH,g02NjS 
would  require  N=«9'35.  It  was  insoluble  in  water,  but  dissolved  in 
warm,  dilute  caustic  alkali,  evolving  no  odour  of  mercaptan  ;  when  lead 
acetate  was  added  to  tho  alkaline  solution,  no  yellow  precipitate 
appeared,  but  on  heating  the  mixture,  a  dense,  black  sediment  was 
produced,  consisting  of  lead  sulphide.  Since  this  compound  does  not 
retain  the  hydrochloric  acid  formed,  it  cannot  be  an  analogue  of  those 
previously  described ;  moreover,  from  the  fact  that,  on  hydrolysis, 
hydrogen  sulphide  is  produced,  but  no  mercaptan,  it  follows  that  the 
sulphur  is  not  combined  with  the  ethyl  group. 

In  this  case,  Seidel  was  probably  correct  in  assuming  the  carbethoxy- 
group  to  be  attached  to  nitrogen,  for  the  product  exhibits  no  dis- 
tinctly basic  character.  Nevertheless,  the  absence  of  this  character 
is  by  itself  insufficient  to  definitely  establish  the  position  of  the 
carbethoxy-group ;  but  as  the  present  study  is  meant  to  include 
nothing  beyond  the  chemistry  of  monosubstitution  derivatives,  the 
question  may  be  left  for  a  future  paper. 

An  experiment  similar  to  the  foregoing  was  conducted,  using  methyl 
chlorocarbonate ;  the  product,  a  homologue  of  Seidel's  compound, 
separated  in  white  needles,  melting  at  105°,  having  similar  properties 
to  the  ethyl  derivative,  and  giving  ^9*6  of  nitrogen,  against  9*8  per 
cent.,  calculated  for  CigHj^OgNgS. 

Briefly  stated,  the  results  now  substantiated  are  the  following : 

Monosubstituted  thioureas  interact  readily  with  chlorocarbonates ; 
carbon  dioxide  is  expelled,  and  a  '*  pseudothiourea "  hydrochloride 
formed,  the  sulphur  of  which  is  attached  to  the  hydrocarbon  residue 
of  the  chlorocarbonate ;  diphenylthiocarbamide,  on  the  other  hand, 
takes  up  the  whole  carboxyalkyl  group,  with  loss  of  hydrochloric 
acid. 

Part  II. — Experiments    Conducted   in    the    Cold, 

In  conducting  the  experiments  described  below,  no  external  heat 
was  applied. 

Methyl  ChloroearbofuUe  and  PhtnyWiiourea, 

Finely  sifted  phenylthiourea,  suspended  in  dry  benzene,  was  treated 
with  a  considerable  excess  of  methyl  chlorocarbonate,  the  containing 
vessel  being  provided  with  a  calcium  chloride  tube,'  in  order  to  pre- 
vent the  access  of  atmospheric  moisture  ;  the  mixture  did  not  become 
appreciably  warm,  nor  was  there  any  perceptible  evolution  of  gas. 
After  an  hour,  the  solid  product,  which  contained  much  chlorine,  and 
|)ad  become  almost  entirely  soluble  \x^  cold  water,  was  now  triturated 
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io  A  morUr,  returned  to  the  containing  reetel  along  with  the  liquid, 
aod  kept  for  about  thirty  hour«,  at  the  end  of  which  time  it  digsolved 
eaaily  in  water,  and  the  action  was  therefore  judged  to  be  complete. 
The  filtered  product  was  washed  with  benzene,  then  with  light  petrol- 
eum, and  exposed  to  warm  air  for  several  hours  ;  when  dry,  its  weight 
amounted  to  98  per  cent,  of  that  theoretically  producible,  on  the  as- 
sumption that  union  had  occurred  in  molecular  proportion.  The 
squeous  solution  was  strongly  acid,  gave  the  usual  reactions  of  a 
hydrochloride,  and  melted  at  86—87^  with  copious  effervescence. 
Partial  analysis  led  to  the  following  results  : 

Found  N  -  11-40 ;  S  »  12*5.    10*4  gramp,  dissolved  in  water,  required 
for  neutralisation  42  c.c.  -A'^alkali ;  or  HCl»«»14-7. 
C,H,<,N,0^,HCI  requires  N  - 1 1  39,  S  =  1 300,  HCl  - 14-78  per  cent. 

Direct  union  therefore  occurs  in  the  cold  between  the  constituents, 
with  formation  of  a  hydrochloride  : 

CSNjHj-CeHs  +  CHjO-COCl «  Cj»H,oN,03S,HCI. 

To  learn  whether  this  substance  would  readily  lose  carbon  dioxide, 
so  as  to  afford  Bertram's  ethyl  iminophenylthiocarbamate, 
PhNH*C(NH)*SMe,  a  portion  was  dissolved  in  cold  water  and  the 
solution  heated.  Before  the  boiling  point  was  reached,  a  solid  began 
to  separate,  some  gas  was  evolved,  and  later  on  a  trace  of  phenyl- 
iiiocarbimide.  After  boiling  gently  for  half  an  hour,  the  process  was 
atopped ;  the  residual  liquid  now  contained  hydrochloric  acid,  but 
gave  DO  reaction  for  aniline.  When  recrystallised  a  few  times  from 
alcohol,  the  solid  product  was  obtained  in  short,  brilliant,  vitreous 
prisms,  free  from  chlorine,  and  melting  with  effervescence,  at  167^ 
(corr.).  Obviously,  therefore,  Bertram's  compound  (m.  p.  71°)  was 
not  present;  moreover,  the  analysis  gave  N  »  13*4,  and  S  ^^  15*4; 
whilst  the  substance  referred  to  would  require  N  »  16  9,  and  S  ■> 
19*29  per  cent.  A  description  of  the  properties  of  this  product  may 
be  omitted,  as  it  was  found  to  be  identical  with  the  next. 

AeUon  of  Cau$tie  Alkali  on  Uie  Hydrochloride. — A  weighed  quantity 
was  dissolved  in  plenty  of  cold  water,  and  normal  alkali  allowed  to 
flow  in  slowly ;  a  precipitate  appeared  at  onoe,  quickly  redissolving 
at  6r8t,  but  soon  becoming  permanent ;  it  consisted  of  oily  globules, 
which  quickly  solidified,  and  the  point  at  which  no  further  precipita- 
tion could  be  observed  to  occur  coincided  almost  exactly  with  that  of 
the  neutrality  of  the  solution.  Using  5*2  grams,  neutrality  was  attained 
when  21-2  c.c.  had  been  used,  corresponding  with  14  95  per  cent,  of 
HCl  absorbed;  this  figure,  obtained  from  a  different  preparation, 
agrees  approximately  with  that  mentioned  under  the  partial  analysis 
pf  the  hydrochloride,     the  semi-crystalline  precipitate  thus  obtained 


560  DIXON:   SALTS  OF   A  MERCAPTOID   FORM  OF 

was  collected,  and  washed  thoroughly  with  water,  in  which  it  is  prac- 
tically insoluble;  tlie  filtrate  had  a  faint  odour  of  phenylthiocarbimide, 
and  when  acidified,  gave  no  sign  of  effervescence,  thus  showing  that 
alkali  carbonate  had  not  been  produced  ;  on  evaporation  to  dryness, 
it  left  a  white  mass  containing  little  else  beside  alkali  chloride. 

When  recrystallised  a  few  times  from  boiling  alcohol,  in  which  it  is 
moderately  soluble,  the  main  product  formed  brilliant  prisms,  free  from 
chlorine,  nearly  insoluble  in  light  petroleum,  indistinguishable  in 
appearance  from  those  obtained  by  heating  the  aqueous  solution  of  the 
hydrochloride,  and  melting,  with  copious  effervescence  and  evolution 
of  gases  smelling  of  mercaptan,  at  the  same  temperature  as  the  by- 
product, namely,  166 — 167°  (corr.).  A  mixture  of  the  two  in 
approximately  equal  proportion  showed  no  change  of  melting  point, 
and  their  identity  was  further  confirmed  by  the  results  of  analysis, 
which  led  to  the  formula  CgHj^OgNgS  : 

Found  C  =50-65,  50-9;  H  =  47,  51 ;  N  =  13-4  ;  S  =  15-5,  15-4. 
Calculated  0  =  51-43;  H  =  4-76;  N -13-33;  S  =  15-24  per  cent. 

In  addition  to  those  already  mentioned,  the  following  properties 
were  observed  :  (1)  When  boiled  with  dilute  caustic  potash,  little  or 
no  alkaline  vapour  was  evolved,  and  there  was  no  odour  of  mercaptan 
or  other  sulphuretted  gases  ;  the  residual  liquor,  after  cooling,  gave 
the  reactions  of  aniline,  and  when  acidified,  evolved  hydrogen  sulphide, 
together  with  carbon  dioxide,  and  on  treatment  with  ferric  chloride, 
assumed  a  very  deep  red  colour,  thereby  showing  the  presence  of 
thiocyanic  acid  in  considerable  quantity.  (2)  When  boiled  with 
alkaline  lead  tartrate,  desulphurisation  soon  commenced,  but  did  not 
proceed  to  any  notable  extent ;  it  was  suspected,  in  fact,  that  this 
action  might  be  due  to  the  presence  of  a  trace  of  some  desulphurisable 
impurity,  but  the  phenomenon  still  persisted  after  many  recrystallisa- 
tions,  and  was  shown  equally  by  the  product  obtained  from  the  hydro- 
chloride by  heating  its  aqueous  solution,  and  by  that  precipitated  from 
it  by  alkali  ;  most  of  the  sulphur,  therefore,  is  hydrolysed  into  thto> 
cyanic  acid  under  this  treatment.  (3)  The  cold  alcoholic  solution 
gave  no  precipitate  with  a  few  drops  of  silver  nitrate,  but  the  mixture 
at  once  began  to  change  colour,  slowly  becoming  red,  then  deep  crimson, 
and  finally  black  ;  with  the  ammoniacal  nitrate,  a  thick  precipitate  of 
silver  sulphide  was  at  once  produced. 

On  comparing  the  properties  of  the  hydrochloride  with  those  of  the 
derivative,  C^HjoO^NgS,  it  is  evident  that  the  basic  character  of  the 
latter  is  very  feebly  marked  ;  for  in  its  combination  with  this  residue, 
the  added  hydrogen  chloride  displays  just  the  same  acidity  as  if  it 
were  free,  and  is  completely  separated  by  warming  the  aqueous  solu- 
tion. The  mere  act  of  dissolution  is  not  alone  sufficient  to  permanently 
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remove  the  acid,  for  whou  its  Kolution  in  nearly  anhydrotui  alcohol 
(which  in  litronf^ly  acid  to  litmus)  is  mixed  with  ether,  the  hydro- 
chloride separates  uDohanged. 

CcmtHiuHom  of  tka  C&mptmnd,  C^U^fi^^fi. — Since  thiooyanio  acid 
in  SO  readily  formed  by  hydrolysis,  it  may  be  inferred  that  one  of  the 
nitrogeo  atoms  must  either  be  hydrogenised  only,  or  else  combined 
irith  a  group  which  is  easily  withdrawn ;  such  a  group  cannot  poMSM 
a  distinctly  positive  character. 

Differing  as  it  does  from  the  parent  phenyl  thiourea,  by  MeO*CO  in 
t  be  place  of  one  hydrogen  atom,  the  presumption  is  that  this  group 
exists  as  such  in  the  molecule.  If  this  be  so,  there  is  a  tolerably 
liberal  choice  in  the  matter  of  formulas : 

I.  PhNH-CS-NH-CO,Me ;  n,  PhN(CO,Me)-CS-NHj  ; 

III,  PhNH-C(SH):N-CO,Me ;  IV,  PhN:C(SH)-NH-CO,Me ; 

V,  PhN(CO,Me)-C{SH)-NH ;  VI,  PhNH-C(NH)-S-CO,Me ; 

V 1 1,  PhN:C(NH,)-S-C02Me. 

Of  these,  Na  I  may  be  excluded ;  it  represents  a^-carbomethoxy' 
phenyl tbiocarbamide,  a  substance  which  has  already  been  obtained  by 
Doran  (Trans.,  1901,  79,  908),  and  shown  to  melt  at  158°,  without 
decomposition. 

Nos.  Ill,  IV,  and  Nos.  V'l,  VII,  are  respectively  tautomeric. 
Counting  these  pairs,  therefore,  as  identical  for  practical  purposes, 
the  choice  lies  between  II,  III,  V,  and  VI. 

Much  difficulty  was  at  first  experienced  in  attempting  to  decide 
beiweeo  theee  constitutions,  hydrolytic  methods  being  obviously  un- 
available when  dealing  with  a  group  such  as  CO.^Me,  which  is  readily 
expelled,  and  must  afford  methyl  alcohol  and  carbon  dioxide  in 
exchange  for  a  hydrogen  atom.  However,  the  fact  that  thiocyanic 
acid  was  formed  by  the  action  of  alkali,  seemed  to  favour  II,  or  its 
labile  form  V  ;  for  Hugershoff  has  shown  (Ber.,  1899,  32,  3659)  that 
isomeric  acetylphenylthiocarbamide  yields  this  acid  when  treated  with 
strong  alkali,  its  ooogeners  behaving  in  like  manner ;  and  Wheeler, 
in  torn,  has  shown  (Amtr,  Chtm,  J.,  1902,  27,  270)  that  in  this  sub- 
stance both  the  aeetyl  and  the  hydrocarbon  radicle  are  combined  with 
the  same  nitrogen  atom,  either  as  PhNAcCS'NII^,  or 

NH:C(8H)-NPhAc. 
Against  this  view,  there  |^nds  the  fact  that  when  the  chlorocarbonate 
is  warmed  with  the  thiourea,  a  ^-derivative  results,  as  shown  in  the 
first  series  of  experiments  here  recorded  ;  and,  since  the  former  is  not 
deoompoeed  when  heated  akme,  the  source  of  the  liberated  carbon 
dioxide  is  not  easj  to  understand,  unless  an  additive  compound  is 
first  produced,  and  if  such  is  formed  by  union  with  nitrogen,  there 
seems  to  be  no  intelligible  reason  why,  on  its  decomposition,  the  methyl 
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group  sliould  migrate  and  become  attached  to  the  sulphur  atom, 
which  is  already  satisfied. 

No  information  was  to  be  expected  from  the  decomposition  of  the 
compound  by  heat,  since  at  the  high  temperature  of  fusion,  complete 
disruption  of  the  molecule  took  place.  lb  was  remarked,  however, 
that  the  hydrochloride,  when  fused,  gave  off  no  sulphuretted  gases,  and 
since  it  melted  at  a  temperature  far  below  that  at  which  the  corre- 
sponding **  base  "  is  decomposed,  it  had  been  taken  for  granted  that 
the  fusion  entailed  merely  the  loss  of  the  feebly  held  hydrochloric  acid. 
A  duplicate  determination  of  this  melting  point  (87^),  led  to  the 
observation  that  the  fused  product  did  not  resolidify,  as  might  have 
been  expected,  if,  by  loss  of  hydrogen  chloride,  the  residue  CqH^qOjNjS, 
melting  at  167°  had  been  produced;  moreover,  the  escaping  gas  waa 
practically  odourless,  and  therefore  probably  carbon  dioxide.  But  if 
this  gas  alone  was  evolved,  it  was  easy  to  ascertain  whence  it  came ; 
for  if  from  attachment  with  nitrogen,  the  product  must  be  unsym- 
metrical  (or  possibly  symmetrical)  pHonylmethylthiourea,  whereas  if 
from  the  sulphur,  Bertram's  i/r-compound,  PhNIC(NH2)'SCH3,  must 
result. 

To  elucidate  this  point,  a  quantity  of  the  dry  hydrochloride  was 
heated  on  the  water-bath ;  it  slowly  melted,  with  effervescence,  and 
the  resulting  gas  was  shown  to  consist  of  carbon  dioxide  only ;  after 
prolonged  heating,  a  trace  of  hydrogen  chloride  began  to  appear,  and 
the  process  was  then  stopped.  The  residue  formed  a  clear  oil,  which 
thickened  into  a  resin  on  cooling;  when  mixed  with  water,  all 
dissolved,  except  a  trace  of  phenylthiourea,  and  the  solution,  when 
warmed  with  caustic  alkali,  smelt  foully  of  mercaptan,  and  the  cooled 
liquor  gave  a  thick,  bright  yellow  precipitate  with  lead  acetate. 
Treatment  with  ammonia  and  silver  nitrate  gave  marked  desulphurisa- 
tion,  doubtless  on  account  of  the  presence  of  phenylthiourea,  but  on 
filtering  and  warming  the  filtrate,  a  clear  yellow  precipitate  waa 
formed  in  abundance.  These  results  are  inconsistent  with  the  formation 
of  unsymmetrical  phenylmethylthiourea,  MePhN»C(SH)INH,  since 
this  substance  could  neither  retain  the  hydrochloric  acid,  nor  afford 
mercaptan  and  yellow  compounds  of  the  metals  named,  but  accord 
perfectly  with  the  production  of  the  hydrochloride  of  iminophenyl- 
carbaminethiomethyl  [methyl  iminophenylthiocarbamate],  by  loss  of 
carbon  dioxide  from  a  group,  MeO*CO,  attached  to  sulphur. 

PhNh-C(NH)-S-CO,Me«PhNH-C(NH)-SMe  +  CO,. 

The  hydrolysis  with  caustic  alkali  may  be  represented  thus  : 

PhNH-C(NH)-S-CO^Me  +  KOH  -  PhNH,  +  KSCN  +  CO,  +  MeOH, 

though,  as  indicated  above,  it  does  not  occur  quantitatively,  inasmuch 
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MM  A  little  milphtde  in  formed  alto  ;  the  amount  of  change  in  thi*  direc- 
tion munt  \w  trifling,  for  not  only  iR  the  deeulphurihation  imperfect, 
hut  when  a  direct  experiment  was  made,  by  warming  with  dilute 
alkali  and  nentraliiUng  the  solution  with  hydrochloric  acid,  a  very  small 
amount  of  precipitate  was  produced,  in  which  no  phenylthiourea  could 
be  detected ;  the  solution,  however,  reacted  yery  markedly  for  tbio- 
cyanio  acid,  thereby  proving  that  the  weak  alkali  lued  was  capable  of 
effecting  the  hydrolytio  .change. 


UUkyl  ChlorooarbonaU  and  ^Tolylthiourea, 

Theee  constituents  were  treated  as  described  for  the  preparation  of 
the  phenyl  homologue  and  with  similar  results,  except  that  a  trifling 
efferveecenoe  took  place  after  the  mixture  had  remained  for  about 
half  an  hour ;  when  collected,  washed,  and  dried,  the  product  formed 
a  yellow,  apparently  crystalline  powder,  the  weight  of  which  amounted 
to  98  per  cent,  of  the  theoretical.  The  solid  was  readily  and  almost 
completely  soluble  in  cold  water,  yielding  a  very  acid  solution,  which 
gave  the  reactions  of  a  hydrochloride  ;  two  concordant  determina- 
lions  of  the  combined  hydrochloric  acid,  made  by  saturating  the 
aqueous  solution  with  normal  alkali,  showed  it  to  be  13*7  per  cent., 
whilst  C,oH,,0,N^  would  require  HCl-  1398  per  cent.  During  the 
addition  of  the  alkali  an  oil  separated,  rapidly  hardening ;  the  solid, 
when  recrystallised  from  boiling  alcohol,  in  which  it  is  moderately 
soluble,  was  obtained  in  brilliant,  flattened  prisms,  melting  at 
175— 176°(corr.). 

Analysis  gave  C»  53-8;  H-5-8;  N-12-6;  S  =  14-8. 
CalcuUted  for  C,oH„0,N^,  C  =  5352  ;  H  =  5  53 ;  N  -  12  53 ;  S  =- 143 ; 

0*14-3  percent. 

Consequently^  this  compound  is  the  homologue  of  that  produced  by 
similar  treatment  from  phenylthiourea,  namely  : 

CTH,-NH-C(NH)-S*CX),Me,HCI. 

When  boiled  with  water  or  dilute  hydrochloric  acid,  it  scarcely  dis- 
solved, and  the  mixture  gave  with  ferric  chloride  no  colour  change. 
But  if  heated  with  alkali  and  then  acidifieil,  a  little  hydrogen  sulphide 
eecaped,  and  the  solution,  when  mixed  with  ferric  chloride,  now  gave 
an  inteoee  reaction  for  thiocyanic  acid. 

Reverting  to  the  observation  that  a  slight  effervescence  occurred 
daring  the  primary  interaction,  notwithstanding  that  this  operation 
had  been  conducted  in  the  cold  ;  it  seemed  likely  that  some  of  the 
thiomethyl  compound  had  been  formed  owing  to  elimination  of  carbon 
dioxide,  and  this  turned  out  to  be  the  fact,  for  the  hydrochloride,  when 
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warmed  with  alkali,  smelt  faintly  of  mercaptan,  and  the  liquor,  when 
cooled  and  treated  with  lead  acetate,  gave  a  very  well-marked  yellow 
precipitate.  As  will  be  seen  later,  this  decomposition  occurs  in  certain 
cases  so  readily  that  thioalkyl  bases  alone  can  be  obtained,  even 
although  moderate  artificial  cooling  be  applied. 

Methyl  Cklorocarhonate  and  o-Tolyllhiourea. 

The  solid  first  became  doughy,  and  presently  frothed  up  into  a 
vesicular  mass,  although  the  containing  flask  was  continuously  im- 
mersed in  running  water.  Notwithstanding  this  intumescence,  no 
considerable  amount  of  gas  was  evolved,  and  in  an  hour  or  two  the 
sponge  hardened  and  became  friable.  When  dry,  the  product  formed 
a  granular  white  powder,  melting  at  92 — 93°,  with  copious  effer- 
vescence, and  dissolving  readily  in  water  to  a  strongly  acid  solution. 
The  combined  hydrochloric  acid  was  found  to  be  140  per  cent.,  and  a 
determination  of  nitrogen  gave  N=  10*96  per  cent. ;  CjoHjgOjNjSjHCl 
would  require  13  98  and  10-78,  respectively. 

By  the  treatment  with  alkali,  a  solid  was  formed,  which,  as  in  the 
preceding  cases,  was  free  from  chlorine,  and  yielded  with  excess  of 
caustic  alkali,  which  redissolves  it,  no  odour  of  mercaptan ;  lead 
acetate,  when  mixed  with  the  cooled  liquor,  gave  no  yellow  precipitate, 
but  the  mixture  was  blackened  on  boiling.  When  recrystallised  from 
alcohol,  the  solid  separated  in  colourless  prisms,  melting,  with  copious 
effervescence,  and  the  evolution  of  sulphuretted  gas,  at  175 — 176° 
(corr.). 

On  heating  the  aqueous  solution  of  the  hydrochloride,  a  white, 
crystalline  solid  was  deposited,  and  some  gas  escaped,  containing  both 
carbon  dioxide  and  hydrogen  sulphide.  All  the  hydrochloric  acid 
had  passed  into  the  aqueous  solution  ;  the  crystals  were  neutral, 
gave  precisely  the  same  reactions  as  those  obtained  by  neutralisation 
of  the  cold  solution  of  the  hydrochloride,  and  when  purified,  melted  at 
the  same  temperature  as  the  latter ;  if  the  two  products  were  mixed 
in  equal  proportions,  the  melting  point  remained  unchanged. 

When  kept  for  about  ten  days  exposed  to  air  at  the  ordinary 
temperature,  the  hydrochloride  showed  marked  signs  of  change ;  it 
had  become  pasty  and  vesicular,  and  although  desulphurised  by  lead 
and  silver  salts,  it  now  smelt  decidedly  of  mercaptan  when  warmed 
with  alkali,  and  hence  was  gradually  becoming  converted,  by  loss  of 
carbon  dioxide,  into  the  ^-base,  already  described  (p.  556).  By  heat- 
ing it  on  the  water-bath,  the  change  was  quickly  effected,  the 
phenomena  and  results  being  similar  in  every  way  to  those  observed 
when  the  phenyl  homologue  was  thus  treated  \   the  resultimt  bMe, 
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C,HT*NH*0(Nll)*SMe,  afu»r  rocrysUlIiHatioD  from  dilute  spirit,  formed 
Urgt,  pure  white  orytUle,  melting  at  101— -102^,  without  effenree- 


Jif§ik^  ChlarooarbonaU  and  AUylthumna, 

These  substaooes  interact  readily,  either  alone  or  in  presence  of  dry 
bensene;  in  a  short  time,  however,  decomposition  commences,  the 
mass  liquefying,  whilst  carbon  dioxide  escapes,  with  formation  of 
^Ulylcarbaminethiomethyl  [methyl  iminoallylthiocarbamatej, 
.1  .  NH'C(NH)»SMe.  It  was  sought  to  preclude  this  change  by 
keeping  down  the  temperature,  but  decomposition  soon  commenced 
on  removing  the  vessel  from  the  freezing  mixture.  As  no  special 
interest  attached  to  the  isolation  of  an  allyl  derivative,  the  experi- 
ments were  not  further  pursued. 


Thiourta  and  C/dorocarbanates. 

In  the  iutroductory  portion  of  this  paper,  attention  has  beeu  directed 
to  the  fact  that  ethyl  chlorocarbonate,  whea  uniting  with  thiourea, 
does  not,  as  supposed  by  Pawlewski,  afford  ethyl  thioallophanate, 
NHj'CS'NH'COjEt,  but  yields  instead  a  compound  in  which  the 
sulphur  is  combined  with  a  radicle  derived  from  the  chlorocarbonate. 
Judging  from  the  preliminary  qualitative  examination  to  which  the 
product  was  subjected  in  1896,  the  radicle  in  question  was  inferred  to 
be  the  curbethoxy-group ;  but  in  view  of  the  information  now 
acquired  regarding  the  influence  of  temperature  upon  the  course  of 
these  changes  where  monosubstitution  derivatives  are  concerned,  it 
became  desirable  to  examine  the  interaction  with  special  reference  to 
the  conditions  under  which  it  is  brought  about. 

From  what  follows,  it  will  be  seen  that,  in  this  case  also,  the  nature 
of  the  product  depends  upon  the  temperature  at  which  it  is  formed. 

Tkiamna  and  Ethyl  Chlorocarbonate. — Ck>mplete  interaction  between 
these  coDStitaente  at  the  ordinary  temperature  is  not  very  easily  effected 
in  preeenoe  of  benxene.  Better  results  were  obtained  by  adding  the 
chlorocarbonate  to  the  finely  powdered  thiourea,  suspended  in  very 
gently  warmed  absolute  alcohol;  the  latter  reagent  being  only 
sparingly  soluble,  whilst^he  product  dissolves  readily,  the  completion 
of  the  proceas  can  be  followed  by  the  clearing  of  the  mixture.  Another 
method,  for  the  suggestion  of  which  the  author  is  indebted  to  Mr.  R.  £. 
J)cnJkf  and  which  answers  satisfactorily,  is  to  treat  the  thiourea, 
suspended  in  absolute  alcohol,  with  a  slight  excess  of  carbonyl  chloride 
in  toluene ;  the  mixture  clears  immediately,  and  on  slow  evaporation, 
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colourless  octahedral  prisms  separate  consisting  of  the  hydrochloride. 
When  freed  from  a  trace  of  oily  matter  by  washing  with  a  mixture 
of  ether  and  alcohol,  these  melted  sharply,  with  copious  effervescence, 
at  116 — 117*^  (uncorr.),  and  hence  were  presumably  identical  with  the 
substance  described  by  Pawlewski  (loc.  cit.),  who  gives  the  melting 
point  as  117°.  The  solid  effervesced  with  sulphuric  acid,  giving  off 
fumes  of  hydrogen  chloride,  and  dissolved  easily  in  cold  water,  yield- 
ing a  highly  acid  solution ;  this  remained  clear  when  treated  with 
excess  of  alkali,  and  did  not  smell  of  mercaptan,  even  if  warmed ;  no 
yellow  precipitate  was  produced  on  the  addition  of  a  lead  salt  to  the 
mixture,  but  on  boiling,  desulphurisation  occurred  freely.  Silver 
nitrate  gave  a  white  precipitate,  consisting  mainly  of  silver  chloride  j 
on  treatment  with  ammonia  this  dissolved,  and  was  replaced  in  the 
cold  by  a  greenish-yellow  one,  which  became  black  when  the  mixture 
was  heated.     A  partial  analysis  was  made. 

Founds  =17-2;  01  =  19-3;  N  =  15-4. 
C^H802N2S,HC1  requires  S  =  17-36;  01  =  19-21;  N=  15-21  percent. 

Hence  the  compound  is  an  additive  product  of  thiourea  and  ethyl 
chlorocarbonate.  When  melted,  it  loses  carbon  dioxide  only ;  the 
residue^  if  dissolved  in  water  and  mixed  with  excess  of  alkali,  yields 

clear  solution,  smelling  of  mercaptan,  and  giving  with  a  lead  salt  a 
bright  yellow  precipitate  ;  the  formation  and  decomposition  of  this 
compound  by  heat  may  thus  be  explained : 

(1)  NH2-0(NH)-SH  +  EtO-COCl  =  NH2-C(NH)-S-0O2Et,HCl. 

(2)  NH2-C(NH)'S-C02Et,HCl  =  N H2-C(NH)-SEt,HCl  +  00^. 

That  is,  thiourea  and  ethyl  chlorocarbonate  unite  directly  at  or  near 
the  ordinary  temperature  to  form  a  haloid  salt  of  ethyl  i/^-thio- 
allophanate ;  on  heating,  this  is  converted,  by  loss  of  carbon  dioxide, 
into  the  corresponding  salt  of  ethyl  ^-thiourea,  otherwise  imino- 
carbaminethioethyl  (ethyl  iminothiocarbamate). 

By  digesting  the  constituents  together  on  the  water-bath  in  pi-esenee 
of  benzene,  the  latter  compound  was  directly  obtained,  carbon  dioxide 
being  evolved,  and  eventually  a  clear,  pale  yellow  syi-up  was  left ; 
this,  when  freed  from  benzene,  i^c,  by  heating  for  some  time  in  an 
open  dish,  became  viscid,  but  showed  no  tendency  to  crystallise.  It 
was  miscible  with  water,  and  the  cold  solution,  when  treated  with 
alkali,  smelt  very  foully  of  mercaptan ;  this  mixture  gave  a  clear 
yellow  precipitate  with  lead  acetate,  and  when  dropped  into  ammoniacal 
copper  sulphate,  gave  a  black  precipitate  of  copper  cyanamide : 

NH,-C(NH)'SEt  -  CN-NH,  +  EtSH. 

Thiourea  and  Methyl  Chlorocarbonate. — Interaction  was  started  by 
very  gentle  warming,  care  being  taken  not  to  heat  the  mixture  enough 
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to  caute  the  evolution  of  gas ;  it  was  left  for  seyeral  days,  and  the 
ri<«idue  then  collected.  A  white  crystalline  powder  resulted,  the 
weight  amounting  to  93  per  cent  of  the  theoretical ;  when  extracted 
by  warm  acetone,  to  as  to  remove  any  unchanged  thiourea,  it  melted 
at  89 — 90^  with  copious  effervescence,  and  gave  the  following 
peroentages  on  analysis : 

Found  N- 16-8;  8-18-5;  CU20-65. 
CjH^OjN^HCl  re  juiresN- 16-47;  8-18-79;  CI  -  2078  per  cent. 

In  this  case,  as  in  that  of  the  ethyl  homologue,  direct  titration  of 
the  combined  hydrochloric  acid  proved  unsatisfactory,  the  solution 
when  apparently  neutralised  soon  becoming  acid  again,  bo  that  a 
definite  end  point  could  scarcely  be  observed ;  the  chlorine  determina- 
tions given  above  were  made  by  evaporating  with  pure  caustic  alkali, 
fusing  the  residue  with  nitre,  and  precipitating  the  acidified  solution 
with  silver  nitrate. 

The  substance  was  freely  soluble  in  water  or  alcohol,  sparingly  so  in 
aceUme,  practically  insoluble  in  chloroform  or  benzene.  Its  aqueous 
solution,  if  made  just  alkaline  by  caustic  potash,  and  treated  with  a 
lead  salt,  gave  no  yellow  precipitate,  but  the  mixture  was  copiously 
desulphurised  on  heating ;  the  compound,  however,  is  rather  unstable, 
for  if  boiled  with  water  alone,  carbon  dioxide  escapes,  and  the  residual 
liquid  when  cooled  and  treated  with  alkali,  has  an  odour  of  mercaptan, 
and  now  yields  a  yellow  precipitate  with  a  lead  salt.  A  similar 
change  occurs  on  melting,  the  effervescence  being  due  to  loss  of  carbon 
ilioxide  only,  and  the  residue  giving  the  mercaptoid  reactions  of  a 
^•thiourea. 

By  allowing  the  same  constituents  to  interact  at  the  temperature  of 
the  water-bath,  the  usual  phenomena  were  observed,  the  residue 
changing  into  an  oil,  which  hardened  on  cooling  to  a  white,  crystalline 
hydrochloride,  melting  at  59 — 60^  and  seemingly  identical  with  the 
product  obtained  by  fusing  the  substance  prepared  in  the  cold. 

Found  CI  -  27-8 ;  C,HjN,S,HCl  requires  CI  -  28*00  per  cent. 

The  solid  was  easily  soluble  in  water  or  spirit,  yielding  an  almost 
neutral  solution ;  when  treated  with  cold  alkali,  this  remained  clear, 
but  evolved  mercaptan,  and  the  mixture  gave  with  lead  salts  a  dear 
yellow  precipitate,  not  desulphurised  by  heating.  With  warm  am* 
moniacal  silver  nitrate  a  yellow  precipitate  formed,  which,  even  on 
boiling,  was  scarcely  perceptibly  darkened,  and  hence  was  practically 
free  from  both  thiourea  and  its  carbomethoxy-derivative. 
Chemical  Dkpabtiibst, 
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LXII. — The  Affinities  of  some  Feebly  Basic  Substances, 

Bj  John  Kerpoot  Wood. 

Since  the  enunciation  of  the  theory  of  electrolytic  dissociation,  a  large 
amount  of  work  has  been  done  with  a  view  to  determining  the 
strengths  of  acids  and  bases,  these  strengths  or  affinities  being 
proportional  to  the  extent  to  which  the  substances  are  ionised  in 
aqueous  solution.  In  the  majority  of  cases,  the  desired  object  has 
been  attained  by  determining  the  electrical  conductivity  of  solutions 
of  known  strength,  but  for  the  so-called  very  weak  acids  and  bases 
this  method  has  been  inapplicable,  owing  to  the  very  slight  dissociation 
which  obtains  in  solutions  of  these  substances.  For  such  compounds 
as  these,  methods  based  on  the  catalysis  or  saponification  of  methyl 
acetate  and  the  inversion  of  cane  sugar  have  been  employed,  these 
methods  being  termed  hydrolytic,  because  they  are  applied  to 
substances  the  salts  of  which  undergo  hydrolysis  in  aqueous 
solution. 

The  present  paper  contains  the  results  obtained  in  determining  the 
strengths  of  a  number  of  weak  bases,  many  of  which  had  not  been 
previously  examined  from  this  point  of  view.  These  bases  belong 
principally  to  the  urea  and  uric  acid  series,  and  as  their  solutions  are 
exceedingly  poor  conductors  of  electricity,  the  first  of  the  above- 
mentioned  hydrolytic  methods  was  employed,  namely,  that  dependent 
on  the  catalysis  of  methyl  acetate. 

The  theoretical  basis  of  the  method  has  been  set  forth  in  an  earlier 
paper,  which  also  contains  a  full  description  of  the  mode  of  carrying 
out  the  determinations  so  as  to  secure  the  greatest  possible  accuracy 
(Walker  and  Wood,  this  vol.,  p.  484).  In  most  cases  the  velocity 
constant  of  the  solution  of  the  hydrolysed  salt  was  compared  with 
that  of  a  solution  of  acid  and  sodium  chloride  in  proportions  as 
nearly  as  possible  the  same  as  those  existing  between  the  free  acid  and 
the  unhydrolysed  salt  in  the  former  solution.  The  salts  used  were  the 
hydrochlorides,  and  the  solutions  were  prepared  by  adding  to  the  base 
under  examination  sufficient  normal  acid  to  form  a  salt  of  the  type 
B,I1C1,  and  then  diluting  until  the  concentration  was  that  of  a  iV/lO 
solution. 

The  experiments  were  carried  out  at  a  temperature  of  40*2%  because 
in  some  oases  solutions  of  greater  concentration  could  be  employed 
than  would  have  been  possible  at  lower  tempei^atures,  and,  moreover, 
the  experiments  were  rendered  less  protracted  than  they  would  other- 
wise have  been. 

The  correctness  of  the  determinations  being  largely  conditioned  by 
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the  Mouraoy  of  the  titrations,  special  c&re  was  taken  to  avoid  error  in 
this  retpeot,  a  narrow  glass  tabe  carefully  calibrated  and  mounted  on 
a  millin^fiyf  ioale  being  used  in  place  of  an  ordinary  burette.  The 
titrations  were  read  in  millimetres,  actual  volumes  not  being  required 
for  purpoees  of  calculation.  The  tube  was  connected  in  the  usual  way 
with  a  retenroir  containing  barium  hydroxide  solution. 

The  observations  are  given  in  full  in  the  case  of  urea,  but  with  the 
other  bases  only  the  velocities  of  reaction  are  stated. 

UftuL — Determinations  of  the  hydrolysis  of  urea  hydrochloride  have 
already  been  made  at  25°  by  Walker  {Zeit,  physikal.  Chem.,  1889,  4, 
337).  and  at  60°  by  Walker  and  Aston  (Trans.,  1895,  67,  581).  The 
urea,  which  was  dried  in  a  desiccator  over  HjSO^,  melted  at  130°. 


iV/10  Urea  Hydrochloride, 
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i^VlO  CI  (90  per  cent.  HCl,  10  /?«•  cent.  NaCl). 
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il«  456-3 

2521 

0-001010 

00 
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0-001022 

Hydrolysis 

_   0  001027     .. 

-   90-4  per  cent. 

Thiourea. — Determinations  of  the  hydrolysis  of  the  hydrochloride  of 
this  substance  have  already  been  made  at  different  temperatures  by 
Walker  (&e.  eiL)  and  Walker  and  Aston  {loc.  eit.). 

The  preparation  used  melted  at  171°. 

.N'/IO  solution  of  thiourea  hydrochloride il  =  0'001115. 

X/IO  CI  solution  (96  per  cent.  HCl,  4  per  cent.  NaCl)      l;-0-001061. 

These  figures  show  that  the  salt  is  completely  hydrolysed  in  A^/10 
solution. 

VOL.   LXXXIIl.  Q  Q 
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Nitroguanidine. — (Compare  Jousselin,  Compt.  rend.^  1879,  88,  814  ; 
and  Thiele,  Annalen,  1892,  270,   15.) 

The  specimen  used  was  prepared  by  Jousselin's  method  ; 

00340  gave  15*3  c.c.  moist  nitrogen  at  8°  and  755  mm.    N  =  53*71. 
CH^OgN^  requires  N=s  53*84  per  cent. 

Owing  to  its  slight  solubility,  the  hydrochloride  was  employed  in 
N/25  solution : 

iV725  solution  of  nitroguanidine  hydrochloride ^  =  0*0004290. 

iV725  CI  solution  (95  per  cent.  HCl,  5  per  cent.  NaCl).    A  =  00004180. 
Hydrolysis  =  97*5  per  cent. 

It  has  been  stated  in  the  previous  paper  (Walker  and  Wood,/oc.  cil.) 
that  when  the  dilution  of  the  solution  varies,  the  hydrolysis  of  a 
solution  in  which  the  base  and  acid  are  in  equivalent  quantities  is 
regulated  by  the  equation 

where  a;  =  amount  of  hydrolysed  salt,  (1  -x)  the  unhydrolysed  portion, 
V  the  volume,  in  litres,  containing  one  gram-molecule  of  the  substance, 
and  c  a  constant. 

Applying  this  equation  to  the  case  of  nitroguanidine,  it  is  found 
that  a  iVyiO  solution  of  the  hydrochloride  would  be  hydrolysed  to  the 
extent  of  94  per  cent. 

Glycocyamine. — A  specimen  of  this  substance  was  prepared  from 
glycine  and  guanidine  carbonate  by  the  method  described  by  Nencki 
and  Sieber  {J.  pr.  Chem.,  1878,  [ii],  17,  747)  : 

0-0520  gave  15*75  c.c.  moist  nitrogen  at  13-5°  and  757  mm.    N  =  35*62. 
CgH^O.^Ng  requires  N  =  35*9  per  cent. 

N/IO  solution  of  glycocyamine  hydrochloride     ife«  0*000 1266. 

iV^/lOCl  solution  (10  percent.  HCl,  90  per  cent.  NaCl).   A  «  0*0001 149. 
Hydrolysis  =11  per  cent. 

Acetogttanaminef 

— ^This  substance,  which  was  prepared  by  heating  dry  guanidine  acet 
at  230°,  melted  at  265°: 

JV/IO  solution  of  acetoguanamine  hydrochloride ibi-O  000 1160. 

jyr/lO  CI  solution  (10  per  cent. HCl,  90  percent.  NaCl).  *-0*00011l 
Hydrolysis  ">  9*8  per  cent. 

Biuret. — The  sample  employed,  when  recrystallised  from  alcohol  and 
dried  at  110°,  melted  at  189—190°: 
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A'/IO  folutionof   imnoi  nyai.  ib-O-OOlUO. 

37 10  CI  solution  (96  per  cent.  1  i  1  cent.  NaCl).      k  -  0001083. 

ThtM  fifures'  show  that  the  biuret  hydrochloride  is  completely 
hydrolywd  in  N/IO  solution  : 

A74'solution  of  biuret  hydroclilorilo 4-0002850. 

374Clsolution(90percent.H(:i,  10  {.vrcent.NaOl).      ifc-0-002595. 
iV/4  Hydrolysis  in  XJi  solution  -988  per  cent. 

SmmearbtuitU. — In  this  case  the  solution  was  prepared  by  dissolv* 
ing  the  hydrochloride  itself.  The  specimen  employed  after  recrystaU 
ligation  from  alcohol  melted  at  174^: 

AyiO  solution  of  semicarbaziJe  hydrochloride 4  =  0*0001225. 

.V/lOClsolution(10percent.  HCl, 90 percent.  NaCl)      4  =  0  0001177. 
Hydrolysis  =»  10*4  per  cent. 

ActUmtmwdcarbazone. — ^The  specimen  was  prepared  in  the  usual  way 
nd  melted  at  184'': 

.V  10  solution  of  acetonesemicarbazone  hydrochloride.      k  —  0*0002948. 

.V/10  CI  solution  (30  per  cent.  HCl,  70  per  cent.  NaCl).      k  -  00003284. 

Hydrolysis  —  26*9  per  cent. 

Creaiins, — ^The  preparation  used  was  analysed,  with  the  following 
result: 

0-0460  gave  12*75  c.c.  moist  nitrogen  at  17*5°  and  760  mm.  N  =  3209. 
C^H^O^j  requires  N-3206  per  cent. 

.V  10  solution  of  creatine  hydrochloride     4=»0'0001404. 

y,  10Cl8olution(13-4percent.  HCl,  866  percent.  NaCl).     4  =  00001524. 
Hydrolysis  =  12*35  per  cent. 

Creatinine, — A  specimen  of  this  base  was  kindly  supplied  by  Prof. 
:.  W.  Reid,  F.R.S.  : 

v'/lO  solution  of  creatinine  hydrochloride 4-000009795. 

\710  CI  solution  (10  percent.  HCI,90  per  cent.  NaCl).      4  -  00001093. 
Hydrolysis  -  8*96  per  cent. 

('(irrci/t^.— The  specimen  which  was  analysed  melted  at  234°: 

0  1717  gave  4 1  '8  ac.  moist  nitrogen  at  1 P and  759*5  mm.  N  -  28*84. 
CgHjo0^4  Quires  N  -  28*67  per  cent. 

Before  preparing  the  solution  the  cafifeine  was  heated  at   130°  in 

Iter  to  expel  any  water  of  crystallisation : 
10  solution  of  caffeine  hydrochloride  4-0*001015. 
10  CI  solution  (90  per  cent  HCl,  10  percent.  NaCl).      4-0-001025. 
Hydrolysis  —  89*7  per  cent. 
Q  Q  2 
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^Ammocaffeine,  ^|f^'};^^p"!^^l^^^>CO— This  compound  is 

precipitated  by  water  from  its  solution  in  hydrochloric  acid,  and  it 
has  therefore  been  supposed  to  be  a  weaker  base  than  caffeine,  which 
is  not  liberated  in  this  manner.  As  will  be  shown  later,  this  pre- 
cipitation of  aminocaffeine  cannot  be  taken  as  an  indication  that  it  is 
a  very  weak  base. 

The  sample  used  was  prepared  by  Fischer's  method  {AnncUen,  1882, 
215,  253) : 

00356  gave  104  c.c.  moist  nitrogen  at  13°  and  757  mm.     N  =  34-21. 
CgH^jOgNj  requires  N  =  33*49  per  cent. 

On  attempting  to  prepare  a  solution  of  the  hydrochloride  in  the 
usual  way,  it  was  found  to  be  impossible,  owing  to  the  very  slight 
solubility  of  the  base,  to  obtain  a  solution  of  sufficient  concentration 
for  conducting  the  experiments. 

An  approximate  idea  of  the  strength  of  a  base  can,  however,  be 
obtained  by  comparing  its  solubility  in  water  with  the  solubilities  in 
acid  solutions  of  known  strength. 

The  solubilities  were  determined  by  treating  a  known  weight  of 
the  base  with  a  definite  volume  of  the  solvent,  the  mixture  being  left 
in  the  thermostat  for  a  day  or  two  and  vigorously  agitated  at  intervals. 
The  residue  was  then  collected,  thoroughly  drained,  and  dried  at  100°, 
the  solubility  being  calculated  from  the  weight  of  the  undissolved 
base. 

The  following  results  were  obtained  : 

100  c.c.  HgO  dissolved  0*128  gram  aminocaffeine. 

100  c.c.  iV^/20  HCl  dissolved  0*192  gram  aminocaffeine. 

100  c.c.  iVyiO     „  „         0*307     „  „ 

It  has  been  shown  by  Walker  (loo.  eit.)  that  the  hydrolysis 
equilibrium  is  governed  by  the  law : 

Free  base  x  free  acid 


Salt 


B  C(a  constant). 


The  data  obtained  in  the  solubility  determinations  indicate  that,  in 
the  solution  of  aminocaffeine  in  NjlO  hydrochloric  acid,  the  conoen- 
trations  of  the  acid,  aminocaffeine  and  aminocaffeine  hydrochloride 
are  respectively  009043-,  00061 25-,  and  0009567-DormaI.  These 
figures  show  that  the  value  of  C  is  00579,  and  since  this  constant 
has  the  same  value  for  all  systems  containing  the  acid,  aminooaffeine, 
and  aminocaffeine  hydrochloride,  it  is  possible  to  calculate  the 
amount  of  free  base,  that  is,  to  ascertain  the  amount  of  hydrolysis,  in  a 
system  containing  equivalent  amounts  of  aminocaffeine  and  hydrochloric 
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acid.  The  result  calcuUted  for  the  hydrolysis  in  a  decinormal  solution 
it  53*4  per  oent.  From  the  solubility  of  aminocaffeine  in  the  y/20 
aoid  a  somewhat  higher  value  is  obtained.  It  may  be  considered 
therefore  that  the  hydrolysis  of  aminocaffeine  hydrochloride  in  deci- 
normal solution  18  approximately  55  per  cent  6- Aminocaffeine 
therefore  is  a  stronger  base  than  caffeine ;  the  precipitation  produced 
on  diluting  the  solution  in  hydrochloric  acid  is  simply  due  to  the 
slight  solubility  of  the  base  in  water,  and  is  not  to  be  regarded  as 
giving  any  indication  of  the  relative  strength  of  the  base. 
Theobromine, — The  specimen  employed  was  analysed : 

0  0794  gave  21*7  c.c.  moist  nitrogen  at  IS''  and  743  mm.  N- 31*42. 
CyHgOjN^  requires  N»  31-11  per  cent. 

In  this  ease  also  the  hydrolysis  of  the  hydrochloride  was  ascertained 
by  the  solubility  method,  which  has  already  been  employed  by  Theodor 
Paul  (Arch.  Fharm,,  1901,  239,  48)  in  determining  this  constant  at 
18*». 

The  following  solubilities  were  obtained  at  40*2° : 

100  c.c.  distilled  H^O  dissolved  0060    gram  theobromine 
100  cc.  A720  HCl  „  0074 

100  c.c.  .V/10  HCl  „  00925      „ 

From  the  figures  representing  the  solubility  in  H^O  and  in  ^/lO 
HCl,  the  hydrolysis  of  theobromine  hydrochloride  in  decinormal 
solution  is  calculated  to  be  71*7  per  cent.,  whereas  the  value 
obtained  from  the  ^/20  solution  is  74- 1.  The  hydrolysis  in  a  deci- 
normal solution  of  theobromine  hydrochloride  is  therefore  approxi- 
mately 73  per  cent. 

Omamme. — The  purity  of  the  specimen  was  ascertained  by  analysis: 

01 184  gave  470  cc.  moist  nitrogen  at  14°  and  7555  mm.  N  »  46*20. 
<  'jHjONj  requires  N  =  46*35  per  cent. 

The  solubility  method  was  also  employed  in  this  case : 

100  c.c.  distilled  water  dissolved  00039  gram  guanine 
100  cc.  J^/10  HCl  „        0-0975     „ 

100  cc  >720  HCl  „        0-194       „ 

The  calcuUted  hydrelysis  in  a  decinormal  solution  of  guanine 
hydrochloride  is  17*9  per  oeot. 

Xtmihine. — ^The  base  used  was  prepared  by  the  action  of  nitrous 
acid  on  guanine  : 

01646  gave  522 cc  moist  nitrogen  at  16<»and  756  mm.    N- 36*62. 
CjH^OjN^  requires  N  -  36*84  per  cent. 
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The  solubility  method  was  employed  : 

100  c.c.  distilled  water  dissolved  00 183  gram  xanthine. 
100  c.c.  iVyiO  HCl  „        0-0210     „  „ 

The  calculated  hydrolysis  in  a  decinormal  solution  of  xanthine 
hydrochloride  is  88*5  per  cent. 

Aceloxime. — Walker  (loc.  cit.)  has  shown  that  at  25°  acetoxime  is  a 
stronger  base  than  urea,  and  a  similar  result  was  obtained  at  the 
higher  temperature  employed  in  the  present  series  of  experiments. 
The  sample  used  was  prepared  in  the  usual  manner  and  melted  at 

iV7 10  solution  of  acetoxime  hydrochloride    A;  =  0-0003751. 

iV^/10  CI  solution  (35  per  cent.  HCl,  65  per  cent.  NaCl)     A;  =  0-0003823. 
Hydrolysis  =  34*35  per  cent. 

Aceiamide, — Previous  experiments  with  this  substance  have  been 
made  by  Walker  {loc.  cit.),  and  Walker  and  Aston  {loc.  cit.).  The 
methyl  acetate  method  employed  in  the  former  series  of  experiments 
showed  acetamide  to  be  slightly  weaker  than  urea  ;  in  the  other 
determinations,  the  method  based  on  the  inversion  of  cane  sugar  was 
used,  and  gave  numbers  showing  urea  to  be  the  weaker  base.  The 
present  experiments  give  a  result  in  agreement  with  that  previously 
obtained  by  the  use  of  the  methyl  acetate  method.  The  specimen 
employed  melted  at  82° : 

iVyiO  solution  of  acetamide  hydrochloride  A:  ==0  001035. 

iVyiO  CI  solution  (90  per  cent.  HCl,  10  per  cent. NaCl)      A:  =  0-001020. 
Hydrolysis  =  91*3  per  cent. 

Jknxamide.^M,  p.  130°: 

iV^/10  solution  of  benzamide  hydrochloride A;  =  0-001106. 

^/lO  CI  solution  (94  per  cent.  HCl,  6  per  cent.  NaCl)      k  -  0001038. 

These  figures  indicate  that  benzamide  hydrochloride  is  completely 
hydrolysed  in  decinormal  solution. 

Acetanilide, — M.  p.  115°.  The  hydrolysis  was  determined  in  a  N/20 
solution  owing  to  the  sparing  solubility  of  the  substance,  and  fi*om  the 
result  obtained  the  value  for  a  NjlO  solution  calculated,  as  in  the 
case  of  nitroguanidine : 

NI20  solution  of  acetanilide  hydrochloride k» 0*0005215. 

iV720  Ci  solution  (92  per  cent.  HCl,  8  per  cent.  NaCl)      *-0-0005112. 
Hydrolysis  :  Found  -  93*8  per  cent. 
Calculated  for  ^/lO  solution  -  88'9       „ 

J^ropionUrile^^-B,  p.  96—97°.    This  substance  has  been  shown  to 
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poMMft    feeble   ba«ic   properties    by   Walker,    and    by   Walker  and 

V      •  v,.hition  of  propionitrile  hydrochlorido A;""0'001088. 

<     solution  (95  per  cent.  UCl,  5  per  cent.  NaCl)      A;-0001062. 
Hydrolysis  -  97*3  per  cent. 

DuMili^^iyroMt.— (Compare  Collie,  Trans.,  1899,  76,  710).  Earlier 
experiments  conducted  at  35°  showed  that  the  basic  strength  was 
about  equal  to  that  of  urea  (Walker,  Ber.,  1901,  34,  4115).  The 
present  determination?,  made  with  dimethylpyrone  hydrochloride 
kindly  supplied  by  Prof.  J.  Norman  Collie,  F.R.S.,  show  it  to  be  a 
somewhat  stronger  base  than  urea : 

.V/ 10  solution  of  dimethylpyrone  hydrochloride  A:  =  0  0009033. 

V/IO  CI  solution  (86  per  cent.  HCl,  U  per  cent.  NaCl)      A:  =  00009142. 
Hydrolysis  =  85  per  cent. 

Cyneol  is  another  non-nitrogenous  substance,  which  unites  with  acids 
to  form  salts.  A  sample  was  obtained  from  oil  of  Cajeput  by  the 
method  described  by  Wallach  and  Brass  (Annalen,  1884,  225,  294). 
Owing  to  the  slight  solubility  in  water,  the  catalytic  method  could  not 
be  employed,  whilst  the  value  obtained  by  the  solubility  method  can 
only  be  regarded  as  a  rough  approximation,  because  there  is  no  accu- 
rate method  for  estimating  cyneol.  The  method  adopted  was  to  mix 
known  volumes  of  cyneol  and  water,  or  hydrochloric  acid,  and,  after 
leaving  the  mixture  for  a  day  or  two  in  the  thermostat,  observing 
the  final  volumes  ;  it  was  found  that : 

100  c.c.  distilled  water  dissolved  about  0*63  gram  cyneol. 
100  C.C.  .V-HCl  „  „       0-79 

As  calculated  from  these  solubilities,  the  hydrolysis  in  a  decinormal 
solution  would  be  about  98  per  cent. 

Calculation  of  DistocicUion  Constants. 

It  was  shown  by  Arrhenius  (Zeit,  physikal.  Chsm.,  1881,  5,  17)  that 
the  following  equation  holds  for  a  system  containing  free  acid,  free 
baae,  and  salt : 

•-fe  -  ^'. 

where  v  a  volume  of  solution,  which  would  contain   1  gram-molecule 
of  salt. 
X  «■  the  amount  of  hydrolysis  calculated  on  1  gram  of  salt. 
k^ » the  affinity  constant  of  the  base. 
ik2=the  affinity  constant  of  water. 
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By  means  of  this  equation,  therefore,  it  is  possible  to  calculate  the 
dissociation  constants  of  the  bases,  the  salts  of  which  have  been 
examined.  The  value  of  this  constant  for  water  is  ascertained  from 
Kohlrausch  and  Heydweiller's  results  (Zeit.  physikal.  Cheni.,  1894, 
14,  317) ;  the  amount  of  dissociation  at  40-2°  is  1-775  x  10"",  giving  a 
dissociation  constant  of  17752  x  \0~^*. 

The  hydrolysis  of  the  hydrochlorides  of  the  bases  in  decinormal 
solution  and  the  calculated  dissociation  constants  are  given  in  the 
following'  table  : 


Base. 

Percentage  hydrolysis 
of  hydrochloride  iu 
decinormal  solution. 

Dissociation  constant 

of  base  at 

40-2". 

Creatinine 

Acetoguanamine 

Semicarbazide 

8-9 
9-8 
10-4 
110 
12-3 
17-9 
26  9 
34-8 
55  0 
73-0 
85  0 
88-5 
88-9 
89-7 
90-4 
91-3 
94  0 

3  57  X 10-" 
2-96x10-" 
2-61x10-" 

Glycocyamine 

2-32x10-" 

Creatine    

1-81x10-" 

Guanine    

0-807x10-" 

Acetonesemicarbazoue 

Acetoxime    

0-318x10-" 
0-175x10-" 

6-Aminocaffeine  

0047x10-" 

Theobromine    « 

Dimethylpyrone 

Xanthine 

0-016x10-" 
•  0-0065x10-" 
0-0046  X  10-" 

Acetanilide  

0  0044x10-" 

Caffeine 

0  0040x10-" 

Urea 

0  0037x10-" 

Acctatnide 

0  0033x10-" 

Nitroguanidine    

0-0021  X  10-" 

•  Waldcn  (Ber.,  1901,  34,  4197),  working  at  another  temperature  and  employing 
a  different  method,  has  obtained  a  value  for  the  dissociation  constant  of  dimethyl* 
pyroue  of  the  same  order  of  magnitude  as  that  given  above. 


It  will  be  observed  that  the  result  obtained  for  the  dissociation 
constant  of  urea  is  different  from  that  previously  given  (Walker  and 
Wood,  this  vol.,  p.  490),  where  the  value  is  put  down  as  0-0016  x  10"**. 
The  discrepancy  is  due  to  the  difference  in  temperature  in  the  two 
cases,  the  experiments  described  in  the  earlier  paper  being  conducted 
at  25°. 

In  addition  to  the  bases  mentioned  in  the  table,  the  hydrochlorides 
of  propionitrile,  benzamide,  cyneol,  thiourea,  and  biuret  were 
investigated  and  found  to  be  more  or  less  completely  hydrolysed  in 
decinormal  solution.  No  attempt  was  made  to  calculate  the  dis- 
sociation constants  of  these  bases,  because  no  reliance  can  be  placed 
on  this  ooeffioient  when  the  amount  of  hydrolysis  is  greater  than 
95  per  cent.     Between  95  and  100  per  cent,  an  error  of  1  per  cent,  in 
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the  hjdroljsit  U  magnifiad  to  one  of  50  or   100  per  cent,   id  the 
diMooktion  ooDstant. 

As  indioaUd  in  the  following  Ubie,   the  calculated   dissociation 
eoottanta  beoom*  more  reliable  when  the  hydrolysis  is  less : 


Hydrolysis. 

hydrol.vM^. 

Change  in  diMock- 
tiou  coDttsnt 

10  per  ctnU 

n       „ 

25 
26 

91        „ 

2-55  X  10-"  \ 
2-32x10-"/ 
0-378  X  10-"  \ 
0-346x10-"/ 
0-0089  xl0-»M 
0-0W4X10-"/ 

10  per  cent. 

11     „ 

9*0  per  cent. 
9-5 

12-8 

Discussion  of  Results. 

Five  of  the  bases  investigated,  namely,  guanine,  xanthine,  caffeine, 
G-aainocaffeine,  and  theobromine,  belong  to  the  same  series  of  com- 
pounds, and  taking  into  account  the  general  effects  on  the  basic 
strength  of  a  compound,  caused  by  the  introduction  of  amino-  and 
methyl  groups,  it  might  be  expected  that  the  order  of  basic  strength 
would  be  guanine,  6-aminocaffeine,  caffeine,  theobromine,  and  xanthine, 
guanine  being  the  strongest  base  in  the  series. 

A  review  of  the  results  already  given  will  show  that  this  order  is 
not  strictly  followed,  the  actual  arrangement  being  guanine,  6-amino- 
caffeine,  theobromine,  xanthine,  caffein&  The  position  occupied  by 
caffeine  is  one  to  occasion  surprise,  but  it  has  been  confirmed  by 
repeated  experiments.  Of  these  five  substances,  caffeine  is  the  only 
ona  to  which  the  methyl  acetate  method  was  applied,  but  the  anomalous 
position  of  the  base  is  not  explicable  on  the  grounds  of  differences  in 
the  methods  of  determination. 

Solubility  experiments  made  with  caffeine  showed  that  100  c.c.  of 
distilled  water  or  NjXQ  HCl  dissolve  4*463  or  4-755  grams  of  caffeine 
respeetively.  These  solubilities  give  a  hydrolysis  of  86*1  per  cent.,  a 
value  which,  whilst  slightly  below  that  found  by  the  other  method,  is 
far  too  high  to  allow  of  caffeine  taking  a  position  between  6-amino- 
and  theobromine^  The  result  may  possibly  be  explained  by 
siDgularity  in  the  nature  of  caffeine,  and  the  great  difference 
between  the  solubility  of  this  base  and  that  of  the  other  members  of 
the  series  seems  to  support  this  view. 

In  the  ease  of  the  urea  and  guanidine  derivatives,  perhaps  the  most 
surprising  result  is  that  given  by  biuret.  Since  ammonia  is  evolved 
in  the  course  of  its  production  from  urea,  it  might  be  expected  that 
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biuret  would  be  slightly  less  basic  than  the  parent  substance.  The 
results  show,  however,  that  biuret  is  practically  devoid  of  basic 
attributes,  a  fact  which  could  scarcely  have  been  predicted  from  a 
consideration  of  the  formula  of  the  compound. 

Another  interesting  result,  obtained  with  nitroguanidine,  illustrates 
the  highly  negative  character  of  the  nitro-group,  for  whereas  guanidine 
has  been  shown  by  Bredig  {Inaug.  Dissert.  Leipzig)  to  be  a  very  strong 
base,  the  nitro-compound  is  a  weaker  base  than  urea. 

The  guanidine  derivatives,  glycocyamine,  creatine,  and  creatinine, 
are  all  weaker  than  guanidine  and  stronger  than  nitroguanidine. 

Semicarbazide  approximates  in  strength  to  these  guanidine  de- 
rivatives, and,  as  might  be  expected,  is  a  much  stronger  base  than 
urea. 

Although  the  experiments  have  only  been  conducted  at  one 
temperature,  it  is  scarcely  probable  that  the  order  of  affinity  would  be 
in  any  way  changed  if  similar  determinations  were  made  at  other 
temperatures.  In  the  case  of  acetoxime,  urea,  acetamide,  propionitrile, 
and  thiourea,  the  order  of  basic  strength  at  40*2°  is  the  same  as  that 
found  by  Walker  with  the  same  substances  at  25°. 

The  author  wishes  to  express  his  thanks  to  Prof.  Walker,  F.RS., 
for  the  kindly  advice  and  encouragement  which  he  has  given  during 
the  progress  of  this  investigation. 

UuiVEusiTY  College, 
Dundee. 


LXIII. — Reversibility  of  Enzyme  or  Fei*inent  Action.* 
By  Arthur  Croft  Hill,  M.A.,  M.D. 

Introductory, 

In  an  account  of  some  former  experiments  communicated  to  the 
Chemical  Society  (Trans.,  1898,  73,  634),  I  showed  that  the  hydrolysis 
of  maltose  to  glucose  by  yeast  maltase  in  concentrated  solution  was 
incomplete,  and  that  the  phenomenon  was  due  to  polymerisation  of  the 
glucose  by  a  reversible  process,  so  that  in  solutions  of  maltose  or 
glucose  or  of  the  mixed  sugars,  synthesis  and  hydrolysis  took  place  until 
the  system  approached  a  state  of  chemical  equilibrium,  the  equilibrium 
point  being  a  function  of  the  concentration  of  the  solution. 

•  This  contribution  formed  a  i>«rt  of  a  theaia  entitled  "  The  proceaa  of  chcraicdl 
aynthoaia  in  living  things,"  preaeutcd  for  the  M.D.  degree  in  the  University  of 
Cambridge. 
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change  in  these  ezperimente  was  measured  by  the 
^  in  optical  activity  and  in  cuprio  reducing  power,  and  the 
'  in  terms  of  the  conversion  of  maltose  into  glucose 

^. J  maltose,  although,  as  I  ascertained  subsequently, 

:  oducts  of  the  synthetical  action  include  one  other  sugar  at  least 
"~  *'   ■        .  as  a  product  of  the  synthetical  action, 

y  treating  the  total  products  of  the 
synthetical  action  on  glucose  with  phenylhydrazine,  a  mixture  of 
oeaiones  was  obtained,  from  which,  on  fractionation,  a  small  quantity 
of  an  OMione  was  separated,  which,  although  not  quite  pui*e,  resembled 
maltosasone,  and  was  shown  to  be  the  osazone  of  a  biose. 

In  the  first  stage  of  polymerisation  of  glucose,  a  large  number  of 
isomeric  bioses  are  conceivably  possible,  but  one  would  expect  that 
with  any  particular  enzyme,  or  group  of  enzymes,  only  those  would  be 
formed  which  are  capable  of  being  bydrolysed  back  to  glucose  by  the 
same  enzyme ;  further,  of  such  substances  formed,  only  those  would 
be  found  at  the  end  of  the  reaction  which  are  in  equilibrium  with  the 
other  reacting  substances  when  in  appreciable  concentration,  and  the 
higher  the  initial  concentration  of  the  glucose  the  larger  might  be  the 
number  of  such  substances  in  appreciable  concentration  at  the  end. 
Again,  other  conditions  being  equal,  an  increase  in  the  variety  of 
enzymes  would  increase  the  total  amount  of  glucose  changed. 

I  have  obtained  experimental  evidence  bearing  on  these  points  with 
yeast-extract,  taka-diastase,  and  with  the  enzymes  of  pig's  pancreas 
respectively.  The  products  of  the  synthetical  action  were  not  com- 
pletely identical  in  these  cases.  The  differences  might  be  due  to  one 
or  more  of  the  following  causes  : 

(i)  SpeciBc  differences  in  the  enzymes ;  for  example,  the  maltase  of 
yeast  extract  being  different  from  that  of  taka-diastase. 

(ii)  Difference  in  the  variety  of  enzymes  present. 

(iii)  Difference  in  the  proportion  of  enzymes  present. 

With  regard  to  yeast-extract  and  taka-diastase,  the  second  and  third 
factors  seem  to  have  been  chiefly  effective. 

In  every  instance,  on  diluting  the  products  of  the  synthetical  action, 
it  has  been  found  possible  to  hydrolyse  them  back  to  glucose  by  the 
enzyme  used  in  their  synthesis.  Further,  the  synthetical  products  of 
the  action  with  yeast-extract  were  capable  of  hydrolysis  by  taka- 
diastase,  and  tboee  of  tbi  action  with  taka-diastase  by  yeast-extract. 
Preliminary  notes  on  these  results  have  been  published  [taka-diastase 
and  reversed  ferment -action  (Proc.,  1901, 17, 184) ;  synthetical  action  on 
glucose  with  pancreatic  ferments  {Proc.  Physiol*  Soc.,  1902,  28,  xxvi)]. 
Although  it  is  likely,  or  at  any  rate  possible,  that  maltase  acting  on 
glucose  may  produce  isomerides,  it  is  not  proved  that  by  itself  it  can 
produce  anything  but  maltose,  as  it  has  hitherto  been  impossible  to 
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obtain  it  free  from  other  enzymes.  In  fact,  in  making  a  preparation 
of  any  enzyme,  it  is  never  possible  to  exclude  admixture  with  unknown 
enzymes,  although  particular  ones  may  be  excluded.  That  a  consider- 
able part  of  the  synthetical  product  obtained  by  the  action  of  yeast 
extract  on  concentrated  glucose  solution  is  possibly  formed  by  the 
agency  of  enzymes  other  than  maltase  is  suggested  by  fermentation 
experiments.  SaccJuiromycea  Marxianics  is  a  yeast  which,  as  was  dis- 
covered by  Hansen  in  1888,  ferments  glucose,  but  not  maltose.  I 
made  use  of  this  yeast  in  1900  for  separating  maltose  from  glucose  in 
mixtures  of  these  two  sugars,  and  published  a  note  on  the  details  of  the 
method  (Proc,  1901,  17,  45).  If  the  product  obtained  by  the  action 
of  yeast  extract  on  concentrated  glucose  solutions,  including  thus  the 
synthetical  product  and  the  unchanged  glucose,  is  fermented  with  ^S^. 
Marxianus,  only  the  unchanged  glucose  is  fermented.  If,  on  the  other 
hand,  one  ferments  with  a  maltase-containing  yeast — and  I  have  tried 
several  varieties,  each  in  a  pure  culture — not  only  is  the  glucose 
fermented,  but  also  a  part  of  the  synthetical  product,  the  larger  portion, 
however,  which  is  not  maltose,  being  unattacked.  If,  lastly,  the  product 
after  dilution  is  hydrolysed,  first  with  some  yeast-extract,  similar  to 
that  used  in  its  formation,  it  is  then  fermented  completely  by  aS'.  Marx- 
ianus.  Evidence  has  been  obtained  that  the  smaller  portion  of  the 
synthetical  product,  which  is  fermented  by  maltase-containing  yeasts, 
consists  of  maltose  or  a  mixture  of  this  biose  and  higher  polymerides. 
The  larger  portion,  however,  which  is  unfermented  unless  previously 
hydrolysed,  has  optical  and  reducing  properties  between  those  of 
maltose  and  of  glucose.  It  consists  mainly  of  a  biose  which  is  not 
identical  with  any  known  sugar  and  which  I  have  called  revertose.  I 
have  avoided  the  name  tsomaltose  because  this  designation  has  been 
applied  to  several  differing  substances,  and  revertose  is  different  from 
any  of  these.  The  question  then  arises,  is  revertose  formed  by 
maltase  or  by  another  enzyme  in  the  yeast  extract. 

Fermentation  experiments,  on  the  one  hand,  might  seem  to  show 
that  the  yeast-extract,  which  is  prepared  from  dried  Berne  yeast, 
contains  an  enzyme  capable  of  synthesising  revertose,  but  that  this  is 
not  available  in  the  fresh  maltase-containing  yeasts,  and  is  distinct 
therefore  from  maltase.  Another  possible  explanation  is  that  when 
maltose  is  fermented  by  a  maltase-containing  yeast,  the  splitting 
probably  takes  place  intracellularly  and  the  conditions  of  equilibrium 
prevailing  within  the  cell  may  be  much  more  favourable  for  the 
splitting  of  maltose  than  for  the  splitting  of  revertose ;  they  most  be 
somewhat  so,  as  on  comparing  the  equilibrium  of  maltose  ^  glucose 
with  that  of  revertose  ;=:  glucose  in  40  per  cent,  sugar  solutions,  it 
is  seen  that  the  splitting  of  maltose  is  much  nearer  completion,  or, 
looking  at   it   from   the  synthetical  point  of  view,  a  much  smaller 
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qtiantitj  of  m&ltoM  it  formed  than  of  the  other  bioee.  The  equilibrium 
of  maltoee  with  glucose  ia  the  more  favourable  for  hydrolysis,  that  of 
reTwtoee  with  glucose  for  synthesis.  • 

The  products  obtained  by  the  aotion  of  taka-diastase  on  60  per 
cent,  glucose  solutions  have  not  been  separated.  The  quantity  of 
gluooee  converted  is  actually  greater  than  it  appears  to  be  when  stated 
in  terms  of  its  conversion  into  maltose  (Proc,  1901,  loc.  cit.)t  as 
the  optical  activity  and  cuprio  reducing  power  of  the  mixed  syn- 
thetical products  lie  between  those  of  maltose  and  those  of  glucose. 
This  is  true  both  of  the  products  obtained  with  yeast  extract  and 
with  taka-diastase,  and  will  be  dealt  with  in  this  paper,  but  in  the 
CAse  of  the  latter  there  are  also  other  products  not  yet  iDvestigated 
which  diminish  the  optical  activity  of  the  total  products. 

Fermentation  experiments  with  the  synthetical  products  of  the 
taka-diastase  action  show  that,  just  as  with  the  products  of  yeast- 
extract,  a  portion  not  fermented  by  S.  Ifarxianui  is,  nevertheless, 
fermentable  by  maltaseKK)ntaining  yeasts,  the  remainder  not  being 
directly  fermented  even  by  these.  The  change  effected  by  pan- 
creatic extract  in  60  per  cent,  glucose  solutions  was  small  and 
probably  incomplete  on  account  of  the  destruction  of  maltase  by 
trypsin.  It  was  verified,  however,  after  subsequent  fermentation  of 
the  unaltered  glucose  with  ^S'.  Maronantis, 


Experimental. 

The  methods  used  in  these  experiments  were  substantially  the  same 
aa  those  previously  described  (Trans.,  loc.  cit.).  The  glucose  was 
purified  as  before  and  the  yeast  extract  prepared  in  the  same  way,  the 
yeast  being  obtained  from  the  same  brewery.  It  was  noted  that  when 
the  powdered  yeast  had  been  dried  for  a  considerable  time  in  vclcuo 
over  sulphuric  acid  at  15^,  it  yielded  an  extract  approximately  as 
active  as  if  the  powder  had  been  heated  after  the  drying  in  the  manner 
described  in  my  former  paper,  and  the  loss  of  weight  on  heating, 
when  the  drying  at  15°  has  been  thus  prolonged,  is  trifling.  This 
indicate*  that  heating  the  powder  increases  its  activity  only  by  render- 
ing the  drying  more  efficient.  For  the  supply  of  taka-diastase,  I 
am  indebted  to  Messrs.  Parke,  Davis,  k  Co.,  and  for  the  extract  of 
pig's  pancreas  to  Mr.  Benger. 

The  method  of  conducting  the  fermentations  was  similar  to  that 
already  described  for  the  separation  of  maltose  from  glucose  (Proc., 
1901,  loc.  eit.).  The  pure  cultures  of  the  various  yeasts  were  all 
obtained  from  Dr.  Krai,  Prague,  and  recultivated,  with  usual  bacterio- 
logical precautions,  in  broths  containing  sugar  until  a  sufficient 
quantity  of  each  was  obtained.     In  the  cultivation  of  S.  Marxianus 
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glucose  was  the  only  sugar  in  the  nutrient  medium;  for  the  maltase- 
containing  yeasts,  maltose  was  also  added.  The  yeast  was  then 
washed  with  sterilised  tap-water  on  the  centrifuge  before  being  added 
to  the  sugar  solutions  it  was  desired  to  ferment. 

No  addition  of  nutrient  salts  was  made,  excepting  such  as  might  be 
present  in  the  tap-water  which  was  used  for  diluting  the  concentrated 
solutions.  To  render  the  fermentation  as  complete  as  possible,  how- 
ever, it  was  allowed  to  proceed  at  about  15°,  usually  for  several  weeks. 
The  synthesised  sugars  formed  from  glucose  by  yeast  extract  were 
obtained  in  the  following  way^  After  fermentation  of  the  unchanged 
glucose  with  aS'.  Marxianus,  the  fermented  fluid  was  evaporated  on  the 
water-bath  under  diminished  pressure  while  a  current  of  dried  carbon 
dioxide  was  passed  through  it,  ethyl  alcohol  being  adiled  from  time  to 
time.  The  syrup  was  then  poured  into  boiling  ethyl  alcohol,  the  hot 
solution  being  filtered  from  the  precipitate,  which  consisted,  to  a  large 
extent,  of  salts,  but  contained  also  a  little  dextrin  and  substances  from 
the  yeast-extract.  On  cooling,  the  alcoholic  filtrate  deposited  a  syrup, 
the  yield  of  which  was  increased  by  allowing  the  solution  to  stand 
over  lime  or  anhydrous  cupric  sulphate  in  desiccators.  The  various 
fractions  obtained  in  this  way  were  analysed,  as  well  as  the  precipitates 
and  final  mother-liquors.  The  syrup  obtained  was  then  again 
fractionated  with  alcohol. 

When  *S'.  Ellipsoideus  /,  which  ferments  maltose  and  glucose,  was 
used  instead  of  aS'.  Marxianus,  the  syrup  obtained  in  this  way  could 
not  be  further  fractionated ;  that  is  to  say,  the  optical  activity  and 
optical  factor  for  all  the  fractions  excepting  the  most  insoluble  and  the 
final  mother  liquor  were  alike,  showing  that  only  one  sugar  remained. 
When  the  syrup  containing  this  sugar  is  left  over  lime,  it  becomes 
first  a  glassy  solid,  and  later,  opaque  and  crystalline.  It  is  the  sugar 
I  have  named  revertose,  and  its  properties  will  be  described  later. 
The  syrup  obtained,  however,  after  fermentation  with  S,  MarxianuSt 
coiild  always  be  further  fractionated,  and  contained  both  revertose  and 
another  biose  of  higher  optical  activity.  The  fractions,  soluble  in 
increasing  strengths  of  alcohol,  contain  progressively  more  of  this 
biose  and  less  of  revertose,  and  their  optical  and  other  properties 
approach  those  of  maltose. 

The  polarimeter  used  was  the  one  previously  described,  and  the 
cupric  reduction  value  of  the  sugars  was  also  determined  in  the  same  way 
as  previously,  excepting  that  the  ammoniacal  cupric  solution  contained 
more  caustic  alkali.  It  has  been  prepared  from  Fehling's  solution, 
having  the  formula  given  in  the  last  edition  of  the  "  British  Pharma- 
oopa>ia"  ;  this  makes  the  value  of  i?  for  maltose  hydrate,  40  (glucose  *» 
100),  whereas  in  my  former  paper  the  value  was  38  ;  the  constant  B 
for  anhydrous  maltose  is  of  course  5  per  cent,  higher. 
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The  progreM  aod  results  of  my  early  experiments  with  yeast-extract 
OD  maltose  and  glucoee  solutions  were  stated  in  termH  of  the  oonTersion 
of  maltose  to  gluooee  and  of  gluooee  to  maltose,  but  having  found 
iiat  the  reaction  waa  less  simple  and  that  one  other  sugar  at  least 
was  present  in  the  end  product,  I  have  since  recorded  the  changes  in 
optical 'activity  and  reducing  power  by  a  single  factor  which  has  been 
of  oondderable  convenience.     It  is  the  ratio  of  the  optical  activity  to 

reducing  power  or  ^^—^  (taking  i?»  100  for  glucose),  and  is  called  in 
K 

'  )iis  paper  the  opiioal /aetor. 

The  optical  factor  for  glucose  (rotation  taken  in  2  per  cent,  solution) 
is  0*525. 

The  optical  factor  for  maltose  (rotation  taken  in  1  to  2  per  cent. 
solution  at  15"^)  is  3*275, 
that  is,  more  than  six  times  as  great.  The  optical  factor  for  revertose 
is  intermediate,  1*91  or  1*92.  It  is  to  be  noted  that  the  values 
depend  on  R,  and  therefore  except  in  the  case  of  glucose  (Ti^slOO) 
will  be  di£ferent  for  different  copper  solutions,  that  is,  considerably 
less  for  maltose  with  the  direct  use  of  Fehling's  solution.  The  great 
advantage  of  the  factor  is  that  it  can  be  written  down  for  any  sugar 
or  mixture  of  sugars  in  solution  directly  from  the  optical  and  reducing 
properties  as  measured,  although  the  specific  optical  and  reducing 
properties  are  unknown,  that  is,  when  the  concentration  has  not  been 
determined.     For,  let 

ao  « the  observed  rotation  for  (/>)  ray  in  200  mm.  tube, 

p»the  reducing  power  in  terms  of  that  of  a  standard  0*2  per  cent. 
glooose  solution. 

And  Csthe  concentration  (unknown), 

then  the  optical  factor  is 

[a]o     .    «dX50      ^      px  100  X  0-2    ^    Sao 
J£     ^        C  '  C  "   ~2p' 

BxperimenU  with  Yeast  Exiract. 

In  experiment  VIII  of  a  former  paper  (Trans.,  1898,  73,  652),  the 
effect  of  yeast-eztract  on  40  per  cent,  glucose  solution  was 
given.  The  change  in  optical  activity  corresponded  with  a  change  of 
\A  per  cent,  of  the  glucose  to  maltose  hydrate,  and  the  alteration  in 
cupric  reducing  power  cdlTesponded  with  a  change  of  15  per  cent ;  in 
another  flask,  the  values  obtained  were  14*5  per  cent,  and  15 -5  per 
cent,  respectively.  The  changes,  therefore,  in  optical  and  reducing 
properties  corresponded  fairly  on  the  assumption  that  there  was  a  con- 
version of  glucose  to  maltose,  although  the  alteration  in  reducing 
power  was  in  slight  excess.     I  have  since  repeated  the  experiment 
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several  times  with  identical  results.  This  correspondence  must  now  be 
regarded  as  a  coincidence,  for,  as  I  have  pointed  out  in  other  publica- 
tions, the  product  of  the  synthetical  change  is  less  simple  than  at  first 
appeared  probable.  In  these  experiments,  the  optical  factor  is  raised 
from  0-525,  the  factor  for  glucose,  to  0*68  (0-70  with  the  copper 
solution  used  in  my  earliest  experiments). 

In  resuming  the  work  about  three  and  a  half  years  ago,  with  a  view 
to  isolating  the  synthetical  products,  I  experimented  first  with  S. 
Marxianua  and  satisfied  myself  that  it  fermented  glucose  efficiently  in 
mixtures  of  glucose  and  maltose  and  did  not  attack  the  latter  sugar. 
It  was  then  used  as  follows.  The  products  of  the  action  of  yeast- 
extract  on  40  to  45  per  cent,  solutions  of  glucose,  having  an  optical 
factor  of  0*68,  were  diluted  with  sterilised  tap-water  four  times  (in 
some  instances  eight  times)  and  fermented  with  S.  J/arxtant«,  and  the 
optical  factor  was  thereby  raised  to  220  or  225.  The  factor  was 
not  appreciably  altered  by  extracting  the  solution  with  ether,  and  it 
was  considerably  lower  than  that  of  maltose  (3-275). 

It  seemed  possible  at  first  that  a  mixture  of  maltose  and  glucose  was 
left  behind.  The  residue  did  not  crystallise  from  alcoholic  solutions, 
but  separated  as  a  syrup,  whilst,  as  I  also  found,  an  attempt  to  crystal- 
lise maltose  and  glucose  from  an  alcoholic  solution  containing  the  two 
sugars  in  equal  parts  results  in  the  formation  of  a  hygroscopic, 
uncrystallifable  mixture.  However,  in  fermentation  experiments  of 
mixtures  of  maltose  and  glucose,  it  was  apparent  that  in  such  a  mix- 
ture, under  suitable  conditions  and  when  the  fermentations  are  con- 
tinued for  several  weeks,  this  yeast  will  destroy  998  per  cent,  of  glucose 
without  attacking  the  maltose,  and  that  it  is  quite  easy  to  recover 
more  than  80  per  cent,  of  the  maltose  at  once  in  a  pure,  crystalline 
state,  even  when  only  94  per  cent,  of  the  glucose  has  been  fermented 
(Proc.,  loc.  cit.\  so  that  clearly  in  the  reversion  experiments,  one  had 
to  do  with  something  else  than  a  simple  mixture  of  maltose  and 
glucose.  Further  evidence  of  a  similar  nature  was  obtained  in 
reversion  experiments  with  taka-diastase  and  a  note  on  the  point  was 
published  (Proc,  1901,  loc.  cit.). 

HydrolysU  of  Hit  Jieveraton  ProduoU, 

There  was  no  doubt,  however,  that  the  synthetical  product  was 
formed  by  a  reversible  process,  for  it  was  again  hydrolysed  by  the 
same  ferment  in  dilute  solution,  and  it  had  therefore  been  neoessary 
in  my  original  experiments  on  reversion  to  destroy  the  ferment  before 
diluting  the  solution  in  order  to  fix  the  synthetical  product.  But  the 
eniyme  is  then  attenuated,  and  hydrolysis  of  the  synthetical  product  is 
better  shown  by  adding  fresh  ferment  to  the  dilute  solution  as  in  the 
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following  •zperiiDMii.  The  material  which  was  produced  by  acting  on 
a  45  per  oeni.  j^luooee  solution  with  yeast^xtract  until  the  optical 
factor  had  been  raised  from  0  *525  to  0*80  had  been  subsequently  boiled 
and  the  optical  factor  as  determined  at  the  beginning  of  the  ex- 
periment WHS  0*676. 

/.''■;-';  i'  .'ifjit    I. 

FIii^k  A^  containing  10  c.c.  of  the  solution  (optical  factor,  0-676), 
10  cc  of  active  yeast-extract  diluted  with  water  to  200  c,c.,  with  an 
addition  of  two  drops  of  toluene,  was  placed  in  the  thermostat  at  28° 
together  with  a  control  flask,  B,  containing  the  same  mixture,  but 
with  the  ferments  destroyed  by  heat. 

After  10  days,  the  optical  factors  in  A  and  B  were  0*537  and  0*675 
respectively.     The  hydrolysis  in  A  was  nearly  complete. 

The  contents  of  each  flask,  after  the  addition  of  an  equal  bulk  of 
^'.  Marxianua,  were  then  fermented  for  2  weeks,  adjusted  to  the 
rigioal  volume,  and  examined  : 

In  A. 

Before  After  Optical 

fermentation,     fermentation.      factor. 
Optical  activity  of  the  solution 
in200mm.tubo  2  37°  013°  1*3 

In  B. 

Optical  activity  of  the  solution 
in  300  mm.  tube 275  0*80  21 

The  synthetical  products,  therefore,  on  dilution  were  hydrolysed 
back  again  by  the  same  ferments  that  had  produced  them  and  were 
then  fermentable  by  S,  Marxianua,  Whilst  in  the  control  flask  no 
hydrolysis  took  place,  and  this  also  was  conflrmed  by  fermentation, 
rhe  residiial  optical  activity  in  B  (0*80°)  was  more  than  six  times  that 
in  A  (013°),  whilst  the  optical  factors,  which  increased  throughout  the 
fermentations,  show  that  the  difference  was  not  due  to  incomplete 
I  '  Mootation  in  B, 

I  ne  synthetical  products  obtained  by  the  yeast-extract  are  alec 
hydrolysed  by  takaniiastai^. 

Experiment  II. 

Flask  A  contained  10  cc  of  the  same  eolation  as  in  Exp.  I,  thrice 
boiled  (optical  factor,  0*673),  5  cc  of  10  per  cent  solution  of  taka* 
diastase  diluted  with  water  to  100  cc.  Flask  B  (control)  containing 
the  same  mixture,  but  the  taka  ferments  were  destroyed  by  heat. 

VOL.   LXXXIII.  R   11 
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A  few  drops  of  toluene  were  added  to  each  flask,  which  was  then 
placed  in  a  thermostat  at  28°. 

In  Ay  the  optical  factor  at  the  start  was  0*673,  and  decreased  to 
0 '6 13  and  0*588  after  5  and  11  days  respectively.  In  5,  the  optical 
factor  after  11  days  was  0*669. 

The  hydrolysis  of  the  synthetical  products  after  isolation  is  well 
shown  by  the  following  experiment : 

Experiment  III. 

Flask  A.  Flask  B. 

2*6  grams  revertose  (the  product  2*4  grams  mixed  synthetical  bioses 

of  the  action  of  yeast-extract  on  (the  product  of    the    action  of 

glucose  separated  after  fermen-  yeast-extract  on  glucose  separ- 

tation  with  aS'.  Ellipsoideus  I).  ated  after  fermenting  with  S. 

Marxianus). 

0*2  grams  taka-diastase  0*2  grams  taka-diastase 

Water  to  100  c.c.                             '  Water  to  100  c.c. 

Optical  activity  of  A  at  the  start        Optical  activity  of  B  at  the  start 


4*81°  D  ray 

after    4  days 

451 

„     10     „ 

421 

„       4  weeks 

3-76 

4*65° 

D 

ray 

after 

4 

days 

4*05 

M 

» 

10 

It 

3*72 

»l 

f» 

4  weeks  3*24 

>l 

M 

8 

}» 

2*80 

»l 

The  initial  and  final  values  of  the  optical  factor  of  B  were  2*31  and 
0*756  respectively.  It  will  bo  noticed  that  at  the  very  beginning  the 
change  in  B  was  much  the  more  rapid,  the  diminution  in  optical 
activity  between  the  first  two  observations  being  exactly  double  that 
in  A  ;  afterwards,  the  hydrolysis  in  the  two  flasks  proceeded  at  equal 
rates.  The  explanation  is  probably  to  be  found  in  the  fact  that 
maltose  is  hydrolysed  more  rapidly  than  revertose,  flask  A  containing 
the  latter  sugar  only. 

FeruientahiUty  of  a  Part  of  the  Syjttlietictd  Product. 

Some  of  the  same  solution  as  used  in  Experiments  I  and  II  was 
utilised  in  these  fermentation  experiments,  all  this  part  of  the  work 
being  done  in  1901.  The  selected  yeast  was  cultivated,  washed,  dec.,  as 
previously  described,  and  added  to  the  above  solution  diluted  with 
tap-water  to  four  times  the  original  volume,  excepting  where  a  dif- 
ferent dilution  is  stated.  After  the  fermentations,  the  solutions  were 
filtered,  first  through  paper  and  then  through  porcelain,  and  the 
optical  factor  was  determined.  When  the  "  residual  opticity "  is 
sttited,  allowance  is  made   for  evaporation,  so  that  the  figures  for 
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Meh  ftnMototioD  experiment  are  es  nearlj  m  poadble  oomperablo 
one  with  the  other.  All  the  yeeate  used,  with  the  ezoeption  of 
S.  MmmtmuBf  were  maltoee-fermeDting  yeaste : 


• 

S-:;i:;.i:i 

Optical 

Optical 

Riui- 

Variety  of  jcaat 

QMd. 

bttion 

Length  of 
fbrmeBU- 

factor 
befon 

factor 
after 

Residaal 
opticity. 

valcut 
for  four 

tamnte- 

tkHI. 

fermenta- 

fermenta- 

times 

tion. 

tiOD. 

tion. 

dUutad. 

Marximmt 

4tim« 

(1  month 
\24     ., 

0-67 
C-67 

222 
228 

8-40 
3-16 

340 
316 

CkrvpMt  Saas 

4         M 

\2i     „ 

0-67 

1-975 

812 

312 

0-67 

1-966 

2-26 

2-26 

s.  MmniMmt 

2     „ 

1       » 

0-67 

2-225 

6  95 

347 

N  EMfmiini/.. 

8    » 

6  weeks 

0-676 

1-92 

1-65 

3-30 

OaHtkm^I.  ... 

8    ., 

\8  months 

0-675 
0-675 

1-92 
1-955 

1-76 
1-50 

3  52 
3  00 

•  I'ort 

8         M 

6  weeks 

0-675 

1-96 

1-52 

8  04 

It  IB  to  be  noted  that  the  optical  factor  rises  throughout  the  fer- 
mentation as  the  glucose  disappears,  the  mean  optical  factor  in  a 
number  of  less  prolonged  fermentations  with  S.  Marxianus  being  2*19. 
Extraction  of  the  solutions  with  ether  was  practised  in  several  in- 
stances, but  without  materially  altering  the  optical  factor.  A  few 
other  maltose-fermenting  yeasts,  including  ^S'.  Cerevisice  Frohberg, 
were  tried  with  a  similar  result.  The  conclusion  from  these  experi- 
menu  is: 

(i)  Thai  a  small  part  of  the  total  synthetical  product  of  yeast- 
extract  on  glucose  is  fermentable  by  all  maltose-fermenting  yeasts, 
and  consista  probably  of  maltose  and  its  higher  polymerides. 

(ii)  That  the  larger  part,  which  I  have  found  to  include  another 
bioee,  namely,  reTertose,  is  not  fermented  by  all  maltose-fermenting 
yeasts,  but  seems  to  be  fdowly  attacked  by  some. 


Anadytu  qftht  SyntkelictMl  Products  oblained/r<nn  Glucose  by  the  Action 

qf  Yecat-sxtract, 

These  prodncte  have  been  examined  after  fermentation  with  (1)5. 
miptoidsus  /,  (3)  S.  liarxSkws.  The  material  for  the  separation  of 
reyertoee  was  obtained  by  acting  on  300  grams  of  glucose  in  a  45  per 
cent,  solution  with  the  extract  of  6  grams  of  dry  yeast  powder  until 
the  optical  factor  was  raiaed  from  0-525  to  0*682.  It  was  then  diluted 
4  times  with  tap-water  and  fermented  with  S.  EUipsoidsua  7,  until 
the  optical  factor  was  raiaed  to  1*99,  afterwards  filtered  and  evap- 
orated  in   the  manner  already   described,   and  poured   into   boiling 

R  R  2 
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ethyl  alcohol  in  such  proportion  as  to  form  400  c.c.  of  a  60  per  cent, 
alcoholic  solution. 

Fraction  /,  the  precipitate  that  first  separated,  was  found  to  consist 
of  salts  and  albuminoid  substances  from  the  yeast-extract,  together 
with  a  little  dextrin  and  sugar.  The  part  of  this  precipitate  soluble 
in  water  weighed  0*53  gram,  of  which  003  was  ash,  and  it  had  the 
following  properties  :  [a]o  and  R  of  the  solids  less  ash  are  81  and 
15 "7  respectively,  the  optical  factor  being  5*15. 

This  factor  shows  the  presence  of  a  substance  having  an  optical 
factor  higher  than  that  of  maltose,  probably  dextrin.  The  yeast- 
extract  used  in  these  experiments  contained  a  little  diastase,  and  the 
synthetical  action  had  in  these  cases  been  allowed  to  proceed  for  many 
months.  The  difference  in  optical  factor  between  the  solutipns  after 
fermentation  by  S.  UUipsoideica  /,  on  the  one  hanid,  and  some  of  the 
beer  yeasts  on  the  other,  may  be  due  to  fermentation  of  dextrin  by 
the  latter ;  the  larger  difference  in  residual  opticity  shown  after 
prolonged  fermentation  by  *S'.  Cerevisice  Saaz  and  some  other  yeasts 
may  be  occasioned  by  a  slow  fermentation  of  revertose.  The  above- 
mentioned  alcoholic  solution  was  filtered  hot ;  there  was  a  separation 
of  syrup  on  cooling,  and  the  whole  was  then  left  over  lime  in  a 
desiccator,  by  which  means  the  strength  of  alcohol  was  increased. 
The  following  other  fractions  were  separated  in  the  order  named. 

Fraction  11^  a  good  deal  of  which  separated  when  the  alcoholic 
filtrate  first  cooled,  was  by  far  the  largest.  It  consisted  of  a  vitreous, 
sticky,  yellow  mass,  which  afterwards  became  opaque  and  crystalline 
when  left  for  a  long  time  in  the  desiccator.  It  contained  1  per  cent, 
of  ash  and  had  [ajo  89*5°  and  It  47,  reckoned  on  the  total  solids 
minus  ash,  with  an  optical  factor  1*90. 

Fraction  III  separated  from  the  mother-liquor  of  the  last  fraction 
after  further  dehydration  in  the  desiccator. 

Its  appearance  was  similar  to  that  of  fraction  II.  The  total  solids, 
less  ash,  had  [a]i,  91°,  R  47'5,  with  an  optical  factor  1*91. 

Fraction  /Kwasa  precipitate  obtained  by  adding  absolute  alcohol  to 
the  mother-liquor  from  fraction  III,  the  solids,  less  ash,  had  [ajt,  90*5^ 
R  44-5,  and  optical  factor  2  00. 

Mother  liquor  from  fraction  IV.  The  ftolids,  less  ash,  had 
[a]u  76-5°  R  38,  and  optical  factor  2*00 ±0-04. 

It  will  be  noticed  that  in  all  the  fractions  but  the  first  precipitate 
and  the  final  mother  liquor,  which  both  necessarily  contain  substances 
other  than  sugars,  there  was  a  remarkable  uniformity  in  the  analytical^ 
results  obtained,  justifying  the  inference  that  only  one  sugar  is  con- 
cerned.   This  sugar  is  shown  to  be  a  biose  by  a  combustion  of  it 
osasone,  and  is  the  one  I  have  called  rovertose. 
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/,'•    ■■  .  '    -  '     •m'. 

Twenty  SIX   grams  of    tli  • 

with  pheoylhydraxine  hjdr 

bath  in  the  usual  way,  and  the  crystals  which  separated  on  cooling 
were  washed  with  water,  alcohol,  and  ethyl  acetate,  then  collected,  and 
reerystalliaed  from  ethyl  acetate. 

llesults  of  analysis :     Found,  C  -  559  ;  H  »  60  ;  N  =  11-3. 

Calculated  for  the  osaxone  of  a  biose,  C-55'4;  H»6'l  ;  N»10-8 

per  cent. 

The  osasone  was  not  yet  quite  pure  and  its  melting  point  was  not 
^harpi  It  was  therefore  carefully  recrystallised  from  ethyl  acetate  and 
I  he  nitrogen  determined  : 

Found,  10-8.     Calculated,  lO'S  (10*77)  per  cent. 

The  melting  point  was  considerably  raised  and  much  sharper, 
173 — 174°  (corr.).  The  osazone,  which  crystallises  in  yellow  needles, 
is  optically  inactive  and  thus  readily  distinguished  from  Fischer's 
i«oiiialtoeaxone,  the  latter  having  an  optical  activity  [a ]d  +7°  {Ber., 
1 895, 28,  3027).     A  4  per  cent,  solution  in  ethyl  alcohol  containing  a 

loall  quantity  of  ethyl  acetate  was  prepared  and  examined  with  the 
arc  light  in  a  100  mm.  tube;  no  optical  activity  could  be  detected, 
although,  under  these  conditions,  a  rotation  of  O'CS*^  would  certainly 
nave  been  noticed.  The  osazone  is  therefore  optically  inactive  or 
nas  a  specific  rotation  much  smaller  than  ±1°.  A  2  per  cent,  solution 
in  60  per  cent,  alcohol  had  previously  been  examined  in  monochromatic 
light  with  a  similar  result. 

Revertoee  itself  is  a  hygroscopic  sugar  which  has  only  been  obtained 
crystalline  by  dehydrating  the  vitreous  sugar,  either  slowly  in  a 
destocator  over  lime,  sulphuric  acid,  or  anhydrous  cuprtc  sulphate,  or, 
on  the  other  hand,  by  heating  in  vacuo,  when  it  loses  water  and 
becomes  crystalline  ;  this  takes  place  at  100°,  but  much  more  rapidly 
at  110°  or  115°  in  a  glycerol  bath.  The  sugar,  which  has  not  been 
obtained  in  detached  crystals,  has  a   sweet   taste ;   its   optical  and 

educing  properties  are  as  follows:  [a]^  +91*5°+ 1°,  and  R  47*5. 
its  optical  factor  is  thus  about  1*92.  It  will  be  noticed  that  its 
specific  rotation  is  at  least  16°  higher  than  that  of  gallisin  (Schmitt 
and  Cobenzl,  Btr.,  1884,  i7,  1007)  and  about  48°  lower  than  the 
tsomaltose  of  Lintner.  It  differs  even  more  widely  in  optical  proper- 
ties  from  both  gentiobiose  and  cellose.  In  short,  I  have  not  been  able 
-1  identify  it  with  any  biose  hitherto  described,  although  it  is  likely 
:o  be  present  in  certain  beers  and  other  fermented  liquors.  It  would 
be  of  some  interest  to  ascertain  whether  it  also  occurs  in  the  animal 
system. 
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Maltose. 

In  my  paper  communicated  to  the  Chemical  Society  in  1898  (ibid.)^ 
a  description  was  given  of  the  separation  of  an  osazone  resembling 
maltosazone  when  not  quite  pure.  This  product  crystallised  in  aggre- 
gates of  plates  and  gave  on  combustion,  numbers  corresponding  with 
the  osazone  of  a.  biose.  Its  melting  point,  however,  was  not  constant 
and  the  values  given  varied  from  173°  up  to  186°.  Maltosazone,  when 
pure,  melts  at  206°,  and  there  can  be  but  little  doubt  that  it  was  the 
presence  of  a  certain  proportion  of  the  isomeric  revertosazone  which 
affected  the  melting  point. 

I  have  not  been  able  to  find  a  yeast  which  ferments  revertose  with- 
out fermenting  maltose,  nor  should  I  expect  to  do  so,  consequently  I 
have  not  been  able  to  prove  the  formation  of  maltose  as  conclusively 
as  if  the  sugar  itself  could  have  been  isolated  in  a  state  of  purity.  It 
has  been  found  possible,  however,  by  fractionating  mixtures  of  the 
two  bioses,  to  obtain  products  with  an  [ajo  as  high  as  120°  or  even 
somewhat  higher.  Further,  I  have  shown  that  the  fermentation  test 
for  the  presence  of  maltose  is  positive.  This  is  seen  by  comparing  the 
fractions  separated  after  fermentation  with  S.  Marxianua  with  those 
fermented  with  aS'.  Ellipsoideus  I.  Thus,  after  S.  Marocianus  and 
alcoholic  fractionation,  a  large  fraction  is  obtained  with  the  following 
properties  :  [a]o  98°,  E  425,  optical  factor  2*31.  A  higher  fraction 
soluble  in  stronger  alcohol  gave  [a]u  115°,  E  49*3,  optical  factor 
2*33,  whilst  further  fractions  separated  from  the  strongest  alcohol 
gave  the  following  values  : 

(i)    [ajo  119-7°,  R  52,  optical  factor  2-30 
(ii)     „     120°,     „  51,      „  „      2-35 

(iii)    „    120°,     „  52,      „  „      2-31 

The  sugars  separate  from  the  strongest  alcohol  as  white,  opaque 
solids,  instead  of  the  syrup  or  transparent  solid  obtained  from 
alcohol  of  lower  strength.  It  is  to  be  noted  in  these  higher  fractions 
that,  although  the  specific  rotation  approaches  that  of  maltose,  yet  the 
reducing  power  is  greater  than  in  the  lower  fractions,  and  consequently 
the  optical  factor  cannot  be  raised  much  above  2*35 — the  highest  I  have 
obtained  is  2*38.  Such  a  result  may  be  due  to  traces  of  glucose,  which 
would  all  appear  in  the  highest  fractions,  for  example,  a  mixture 
of  about  4  parts  of  maltose  with  one  of  glucose  would  give  the  values 
found,  and  it  is  to  be  noted  that  S.  Marxianus  is  less  efficient  than  S, 
EUipsoideua  I  in  removing  the  last  traces  of  glucose  under  the  con- 
ditions of  my  fermentations.  The  fractions  in  question  were  too 
■mall  to  analyse  further,  but  doubtless  also  contain  a  little  revertose. 
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The  OMione  from  these  fractions,  itself  fractionated  as  described  in 
my  former  paper,  yields  a  product  crystallising  in  plates  which  resemble 
thoee  of  maltosaaone. 

The  identity  of  the  second  biose  is  therefore  not  rigidly  established, 
but  there  can,  I  think,  be  very  little  doubt  about  its  being  maltose. 
It  is,  perhaps,  hardly  necessary  to  point  out  that  the  identity  of  this 
sugar  is  not  relevant  to  the  question  of  the  reversibility  of  its  forma> 
tion.  Although  it  is  necessary  to  the  theory  that  some  maltose 
should  be  formed  when  maltase  is  present,  it  is  by  no  means  necessary 
that  the  quantity  formed  and  remaining  at  the  end  of  the  reaction 
should  be  sufficiently  large  to  bo  recognised,  and  it  would  be  quite 
consistent  with  the  theory  that  this  sugar,  formed  as  it  is  by  a 
strictly  reversible  process,  should  be  another  isomeric  biose.  There  is, 
however,  nothing  in  any  of  the  tests  I  have  as  yet  been  able  to  apply, 
either  analytically  or  by  fermentation,  by  which  I  can  distinguish  it 
from  maltose.  Not  more  than  about  one  part  of  this  sugar  to  five 
parts  of  revertose  is  formed,  but  the  total  amount  of  glucose  changed 
in  41  per  cent,  solution  by  yeast-extract  is  nearly  twice  that  calcu- 
lated, as  in  my  early  papers,  in  terms  of  a  conversion  of  glucose  to 
maltose  only.  In  all  probability,  more  maltose  is  formed  in  the  reaction 
than  appears  as  such  at  the  end,  as  a  part  seems  to  be  converted  to 
dextrin  by  the  diastase  in  the  yeast  extract. 


Experiments  with  Takadiastase. 

Taka-diastase,  as  is  well  known,  very  readily  hydrolyses  soluble 
starch.  When  the  hydrolysis  is  allowed  to  approach  completion,  the 
final  product  has  an  optical  factor  corresponding  with  that  of  glucose. 

A  flask  containing  100  c.c.  of  starch  mucilage,  0*1  gram  of  taka 
diastase,  and  a  few  drops  of  toluene  was  put  in  a  thermostat  at  29°. 

After  20  hours  the  optical  factor  was  reduced  to  0'985. 
„        7  days  „  „        „         „  0670. 

».      15    „  „  „        „         „  0-545. 

„      18    „  „  „   not  greater  than 

that  of  glucose  0*525. 

On  adding  to  a  litre  of  starch  mucilage  at  the  ordinary  temperature 
0*4  gram  of  taka-diastase  (a  still  smaller  proportion  of  the  ferment), 
the  optical  factor  was  reduced  to  0*585  in  75  days. 

Taka-diastase  hydrolyses  maltose,  but  its  action  is  slower  than  the 
equivalent  of  dry  yeasUeztract. 
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J'Jxj)erimenl  V. 

A  flask  containing  2  0  grams  of  maltose  hydrate,  0  2  gram  of  taka- 
diastase  made  up  with  water  to  50  c.c,  with  the  addition  of  a  few 
drops  of  toluene  was  put  in  a  thermostat  at  29°  and  examined 
after  4  days,  when  it  was  found  that  80  per  cent,  of  the  maltose  had 
been  hydrolysed. 

Takadiastase  also  hydrolyses  revertose  (mde  Exp.  III). 

In  concentrated  maltose  solutions,  taka-diastase,  according  to  the 
polarimetric  and  copper  estimations,  apparently  carries  the  hydrolysis 
farther  than  does  yeast  extract.  The  difference  is,  however,  only 
apparent,  and  is  due  to  other  complicating  factors  ;  in  the  case  of  yeast- 
extract,  there  is  a  reversion  of  glucose  to  revertose,  so  that  the  quan- 
tity of  maltose  remaining  at  the  end  is  much  less  than  would  appear 
from  the  measurements ;  in  the  case  of  taka-diastase,  the  formation  of 
revertose  is  possibly  proportionately  slower,  for  it  is  not  yet  certain 
whether  the  ferment  which  produces  revertose  is  identical  with 
maltase,  and  further,  another  substance  is  formed  of  lower  optical 
activity  than  revertose. 

I  am  not  at  present  in  a  position  to  give  the  analysis  of  the  products 
formed  by  taka-diastase,  but  it  is  necessary  to  call  attention  to  the 
fact  that  in  the  following  experiments  no  inferences  can  be  drawn  as 
to  the  quantity  of  the  synthetical  bioses  formed ;  the  measurements 
represent  quantitatively  the  sum  of  the  changes  in  the  several 
reactions,  and  prove  that  the  action  of  taka-diastaso  is  a  reversible 
one. 

Experiment  F/. 

Hydrolysis  of  maltose  by  taka-diastase  in  40  per  cent,  sugar 
solutions  containing  34  per  cent,  of  glucose  and  6  per  cent,  of  maltose 
hydrate.  The  initial  optical  factor  is  070,  this  being  approximately  the 
equilibrium  factor  when  yeast-extract  has  acted  on  a  40  per  cent, 
solution  of  either  maltose  or  glucose. 

Flask  A  contained  17  grams  of  glucose,  3  grams  of  maltose  hydrate, 
0*5  gram  of  taka-diastase,  made  up  with  water  to  50  c.c.  with  the 
addition  of  toluene. 

The  contents  of  flask  B  were  similar,  but  the  ferments  wore 
destroyed  by  heat.     Both  flasks  were  placed  in  the  thermostat  at  21)'. 

Flask  Af  at  the  start,  had  an  optical  factor  0*095,  and  after  13  and 
37  days  the  values  of  this  factor  had  diminished  to  0'585  and  0*580 
respectively.  Beyond  this  point,  no  further  change  was  noticed^  and  no 
alteration  was  observed  in  flask  /?. 

This  shows  the  different  optical  factor  which  is  reached  in  equi- 
librinm  when  taka-diastase  is  used  from  that  found  with  yeast-extract. 
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the  reverse  action  with  Uka-diastase  is  shown 


KrftepmmU  VII. 

A  flask,  JyCODtaioed  150  grams  of  glucose,  2  grains  of  taka-diasiase, 
with  addition  of  water  to  250  c.c.  To  the  solution  (sp.  gr.  1*2245), 
a  few  drops  of  toluene  were  added. 

A  control  flask,  /?,  containing  a  similar  mixture,  was  steamod  and 
boiled,  the  ferment  being  thus  almost  completely  destroyed.  It  was 
noted  that  in  these  highly  concentrated  solutions  containing  60  per 
eent.  of  sugar,  the  ferment  becomes  more  resistant  to  heat,  the  resis- 
ianoe  appearing  to  increase  with  the  concentration  of  the  sugar  on 
which  the  ferment  acts. 

Both  flasks  were  placed  in  mu  iliermostat  at  20°. 


At  the  start. 

After    4  days, 

»»       8     „ 

M     22     „ 

..     30     „ 


At  optical  factor  0  524  ;  B,  optical  factor  0*524 


0-549 
0-556  ; 
0-559 


B 


B 


0-525 


0-528 


\yhen  a  portion  of  the  sohition  from  flask  A  was  diluted  with 
water  to  20  volumes  and  placed  in  the  thermostat  for  2  days,  the 
optical  factor  diminished  from  0*556  to  0*525,  showing  that  the  re- 
version was  reversed. 

The  remainder  of  the  fermented  solution  was  heated  for  2  hours  at 
lOO*'  with  the  result  that  the  optical  factor  increased  slightly  from 
0*560  to  0*565.  A  portion  was  then  diluted  to  5  times  its  volume 
and  fermented  with  S.  Marxianxu  in  the  manner  previously  described* 
A  part  also  was  fermented  with  S.  EllipsouleuB  /,  and  another  part 
with  iS^  CerevUia  Saaz, 


Daration 
Variety  of  yeait.               of 

fennentation. 

Optical  factor 

before 
fermentation. 

Optical  factor         Rasidnal 
after                  optical 
fermentation.          activity. 

8.  EUipmritUtu  /.I       8      „  • 
S.  Ctm.  &utt  ...j       8      „ 

0*6« 
0-5Q 

2-01 
1-71 
l-M 

8M* 

1*21 
0*69 
0*84 

The  fermentation  with  the  last-named  yeast  was  not  complete,  but 
it  was  sliowo  that  a  portion  of  the  product  not  fermented  by 
S.  Marxiamu  was  fermented  by  S.  EUip8oideu8,  also  that  the 
synthetical  products  were  partly  fermented  by  S.  Cerev,  Saaz. 
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The  contents  of  the  control  flask,  when  diluted  and  fermented  with 
iS'.  Marananus,  left  only  a  small,  unfermented  residue,  thi«  r^^'ilt 
corresponding  with  a  very  slight  synthetical  change. 

Examination  of  the  Products. 

The  synthetical  products  from  about  111  grams  of  glucose  were, 
after  fermentation  with  aS'.  Marxianus,  obtained  in  concentrated  solu- 
tion by  evaporating  the  fermented  solution  in  the  manner  already  de- 
scribed. On  pouring  the  syrup  into  boiling  concentrated  ethyl  alcohol, 
there  was  a  voluminous  precipitate,  which  was  not  entirely  soluble  in 
water.  The  aqueous  extract  of  this  precipitate  had  an  optical  fadtor 
1*8,  its  reducing  power  on  hydrolysis  with  dilute  hydrochloric  acid 
being  nearly  trebled,  with  only  a  small  decrease  (about  14  per  cent.) 
in  the  optical  activity. 

The  hot  alcoholic  filtrate  from  the  above  precipitate  deposited  on 
cooling  a  syrup  which  increased  in  quantity  when  the  mixture  was  left 
in  a  desiccator  over  lime.  The  semi-solid  product,  when  separated 
from  the  supernatant  mother  liquor,  extracted  with  absolute  alcohol, 
and  left  in  the  desiccator,  yielded  a  hygroscopic,  crystalline  sub- 
stance, weighing  about  5  grams  and  having  an  optical  factor  of 
2*05  ([a]D  =  about  80°,  R  =  about  40),  By  extraction  with  boiling 
80  per  cent,  ethyl  alcohol,  this  substance  was  divided  into  two  fractions, 
the  portion  which  dissolved  in  the  hot  alcohol  and  separated  on  cool- 
ing having  an  optical  factor  of  2  19,  whilst  the  value  of  this  constant 
for  the  insoluble  residue  was  1*90.  The  mother  liquor  from  the 
soluble  fraction  had  an  optical  factor  1*82.  There  were  thus  two  or 
three  optically  active  substances  present,  beside  a  small  proportion  of 
inorganic  salts.  The  synthetical  product  of  the  taka-diastase  reaction 
yields  an  osazone  resembling  in  appearance  that  obtained  from  the 
mixed  bioses  formed  by  yeast  extract.  It  is  probably  a  mixture  and 
was  not  further  investigated. 

The  above  reversed  and  reversible  change  was  observed  with  60  per 
cent,  glucose  solutions,  but  it  can  be  readily  followed  with  a  good 
polarimeter  in  40  per  cent,  solutions. 

Experiment  VIII. 

A  flask  containing  40  grams  of  glucose,  1  gram  of  taka-diMteae, 
diluted  with  water  to  100  c.c.  with  the  addition  of  toluene,  the 
solution  having  a  sp.  gr.  1'153,  was  placed  in  the  thermostat  at  29^, 
and  from  time  to  time  quantities  of  1  o.c.  were  withdrawn  and 
diluted  to  20  c.0.  with  distilled  water,  immediately  examitaed  with 
the  polarimeter,  then  allowed  to  stand  for  24  or  48  hours  at  the 
room  temperature  for  hydrolysis  to  take  place  (since  the  synthetical 


1 
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«'.\;iiiiinr<i.     The   portioni 

i>ctioDB  made  for  the  small 

tbe  1  ao.  witbdrawti,  ao  thai  the  suooeasive  readings  are 

it,  00-206° 

Af  ap  —  2*13,    reexamined  nftcr  24  hours,  2*07° 
„     J.»     „     O0-216.  „  „     48    „        208 

..     55      ,.     O0-2-18,  „  „     48    „        208 

The  contents  of  a  control  flask  which  had  been  boiled  showed  no 
ehange  when  left  in  the  thermostat.  The  synthetical  products  due  to 
taka-diastase  are  also  hjdrolysed  by  yeast-extract,  but  the  hydrolysis 
is  possibly  incomplete,  or  a  portion  of  these  products  is  hydrolysed 
only  slowly.  The  yeast  extract  used  in  this  experiment  had  been 
prepared  a  few  weeks  and  was  then  rather  feeble.  The  synthetical 
products  of  Experiment  YII  were  used,  diluted  to  20  volumes.  The 
sugar  concentration  of  the  solution  was  thus  3  per  cent,  and  the  con- 
centration of  yeast-extract  was  equivalent  to  0'15  per  cent,  of  the 
dried  extract. 

At  the  start,  optical  factor  was  0*56  and  0*535  after  10  days.  The 
control  flask  examined  after  10  days  gave  0*56. 

Experiments  with  Pancreatic  Ferments. 

In  these  experiments,  I  used  an  extract  of  pig's  pancreas, 
prepared  with  dilute  alcohol,  for  which  I  am  indebted  to  Mr.  F. 
Baden  Banger.  The  preparation,  which  was  especially  active  in 
diastase,  also  contained  some  trypsin  and  maltase;  5  c.c.  of  this 
solution  acting  on  a  litre  of  5  per  cent,  starch  solution  at  a  tem- 
perature of  30^  reduced  the  optical  factor  to  4*62  in  5  days.  In 
order  to  test  wbetlier,  in  the  hydrolysiB  of  starch  by  pancreatic  diastase, 
the  eqailibriom  point  varies  with  the  concentration,  the  following 
experiment  was  performed  : 

Jfxpmrimmt  IX, 

Flask  A^  containing  100  c.c.  of  the  above  solution  (optical  factor, 
4*6),  2  cc.  more  ferment  solution,  dilated  with  water  to  200  ac 

Flask  B,  200  cc  of  the  above  solation^.(optical  factor,  4*6)  with  2 
c.c  more  ferment  solution. 

Flask  (7,  100  cc.  of  the  above  solution  (optical  factor,  4*6). 

The  three  flasks  were  placed  in  the  thermostat  at  30°  and 
re-examined  after  4  weeks.  The  optical  factors  of  ^,  B^  and  G  were 
found  to  be  2*01,  3*215,  and  3*54  respectively.  The  change  was 
much  more  rapid  in  At  where  the  concentration  of  the  products  of 
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Ktarch  hydrolysis  was  2*5  per  cent.,  than  in  B,  where  it  was  5  per 
cent.,  although  the  concentration  of  the  ferment  was  approximately 
the  same  in  each,  but  slightly  greater  in  B. 

It  has  been  found  possible  to  show  that  the  pancreatic  ferments 
have  a  reverrfible  synthetical  action  on  glucose ;  the  reaction  was  com- 
plicated by  the  formation  of  one  substance  at  least  of  lower  optical 
activity  than  glucose,  and  corrections  were  required  for  the  laevo- 
rotation  of  the  ferment  solution  itself.  Nevertheless,  there  is  a  small 
increase  in  optical  factor  in  concentrated  glucose  solutions,  and  it 
falls  again  on  dilution  of  the  solution  if  the  ferments  are  not 
destroyed. 

The  sugar  concentration  in  the  experiments  was  60,  and  the 
procedure  was  as  described  in  the  experiments  with  taka-diastase. 
The  optical  factors  are  corrected  for  the  Isevorotation  of  the  ferment 
solution,  this  means  that  about  0'005  has  been  added  to  the  values 
found  at  both  the  beginning  and  end  of  the  experiments. 

Exj^Hment  X. 

Optical  factor  at  the  start,  0  524  (corrected). 
„  „      after  17  days,  0*538  „ 

There  was  no  change  in  the  control. 

On  diluting  1  c.c.  to  20  c.c,  the  optical  factor  diminished  to  0*528  in 
24  hours. 

The  rest  of  the  solution  was  boiled,  diluted  to  6  volumes  with  tap- 
water,  and  fermented  for  20  days  with  S.  Marocianus,  whereby  the 
optical  factor  was  raised  to  1*22  (uncorrected). 

Experiment  XL 

This  was  similar  to  the  last  experiment,  but  on  a  somewhat  larger 
scale,  about  300  grams  of  glucose  being  employed  in  62  per  cent, 
solution. 

At  the  start,  and  after  19  and  48  days,  the  corrected  optical  factors 
were  0-526,  0*5375,  and  0539  respectively. 

There  was  no  appreciable  change  in  the  control. 

After  the  solution  was  boiled  and  allowed  to  cool,  glucose  began  to 
crystallise  out,  about  half  being  separated  in  this  way.  The  mother- 
liquor,  containing  the  remainder  of  the  unchanged  glucose  together 
with  synthetical  products,  was  diluted  with  tap-water  and  fermented 
by  iS,  Marxianua,  the  control  solution  being  similarly  treated.  The 
solutions  then  gave  the  following  measurements. 

After  fermentation,  ap  -0*44°  (uncorrected),  p  «  the  equivalent  of 
a  0'26t>  per  cent,  solution  of  glucose.  Optical  factor  -*  0*825  (un- 
corrected). 
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i  i.  iw.  (ii,  .  Wi.,t  yiiuoorrected),  p  ■■  Ihe  e({uivaUiii<  ««•  a  0  15  por 
cx'ui.  so!utioD  of  glucose.     Optical  factor  ^O'lid  (uDcorrected). 

r)u>  liiffcrouco  in  residual  opticity  botween  the  experinieutal  koIu* 
tiou  and  the  control  is  well  marked.  The  synthetical  change  in  the8e 
eiperineots  was  small,  but  it  was  of  the  same  character  as  the  larger 
oo«  obeenred  with  taka-diastase  and  as  the  still  larger  one  with  yeoHt 
•xtraet,  and  is  sufficient  to  establish  the  fact  that  enzymoH  of  animal 
origin,  which  act  on  carbohydrates,  as  well  as  those  obtained  from 
plants,  do  6o  in  a  reversible  manner. 


(1)  it  in  Miuwn  that  the  synthetical  action  of  a  maltase-containing 
yeast-extract  on  glucose  results  in  the  formation  of  two  isomeric 
bioeos  one,  not  hitherto  described,  which  is  now  called  reverlose  ; 
the  other,  although  not  isolated,  is,  according  to  the  evidence 
obtained,  in  all  probability  maltose.  A  small  formation  of  dextrin  is 
attributed  to  the  diastase  in  the  yeast-extract. 

(3)  It  is  shown,  further,  that  both  taka-diastase  and  the  pan- 
CMatic  ferments  have  a  reversible  synthetical  action  on  glucose. 

Since  I  published  my  first  paper  on  this  subject,  there  have  appeared 
from  time  to  time,  besides  some  small  contributions  by  myself,  ob- 
servations by  others  of  a  similar  nature,  further  extending  the  list  of 
ferments  for  which  a  reversible  action  has  been  noted.  Kastle  and 
Loevenhart  found  that  lipase  had  a  reversible  action  on  ethyl  butyrate 
(/liner.  Cfism.  J.,  1900,  24,  491).  Hanriot  also  independently 
observed  the  reversible  action  of  lipase  (Compt.  rend.,  1901,  132, 
212).  Wroblewski  was  able  to  detect  a  reversible  action  with  inver- 
tase,  hot  I  have  not  had  the  opportunity  of  seeing  his  original  paper 
(BvU.  Acad.  Sei,  Craeow,  1901,  94—95).  O.  Emmerling  has  recorded 
another  synthesis  with  yeast-extract,  namely,  that  of  amygdalin 
from  glucose  and  mandelonitrile  glucoside  {Ber.,  1901,  34,  3810). 
Recently,  Emil  Fischer  and  R.  P.  Armstrong  have  noted  the  reversible 
action  of  kephir-lactase  on  a  new  bioee,  uolactose,  which  yields  glucose 
and  galactose  on  hydrolysis  {Ber.,  1902,  35,  3146),  and,  more  recently 
still,  Acree  and  Hinl^ns  have  found  the  hydrolysis  of  triacetyl- 
glucose  by  pancreatin  to  be  reversible  (Amer,  Chem,  J.,  1902,  28, 
370 — 376).  These  observations,  together  with  my  own  more  recent 
results,  make  it  increasingly  more  probable  that  the  view  I  put  for- 
ward in  1898  is  a  correct  one — namely,  that  all  ferment  actions  are 
reversible,  and  appear  to  warrant  the  adoption  of  such  a  view  as  a 
sound  working  hypothesi.o. 
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LXIV. — Tlie  Constitution  of  Cotarnine, 

By  James  J.  Dobbie,  M.A.,  D.Sc,  Alexander   Lauder,  B.Sc.,  and 
Charles  K.  Tinkler. 

RosER  (AnncUen,  1888,  249,  156,  168;  1889,  254,  334,  359) 
assigned  to  cotarnine  and  its  hydrochloride  the  following  formulae  : 

I.  Cotarnine.  II.  Cotarnine  hydrochloride. 

assuming  that  in  the  formation  of  the  salt  from  the  base  a  molecule 
of  water  is  eliminated  and  a  pyridine  ring  formed  which  is  not  present 
in  cotarnine  itself.  By  acting  on  cotarnine  with  methyl  iodide,  he 
found  that  two  methyl  groups  were  taken  up  and  hence  inferred  that 
the  base  must  be  secondary,  and  not  tertiary  as  formerly  supposed. 
He  considered  that  the  presence  of  an  aldehyde  group  both  in  cotarnine 
and  cotarnmethine  methochloride  was  proved  by  the  formation  of  a 
crystalline  compound  with  hydroxylamine  hydrochloride,  but  admitted 
that  the  aldehyde  formula  failed  to  explain  the  following  facts : 

(1)   the  relationship    of   the    tarconine   derivatives  to  cotarnine; 

(2)  the  precipitation  from  its  salts  of  cotarnine  in  the  aldehyde  form ; 

(3)  the  oxidation  of  hydrocotarnine 


w.<S;:?J.-' 


in. 

to  cotarnine. 

Decker  {J.  pr,  Chem,,  1893,  47,   222),  in   drawing  attentiou    to 

the  improbability  of  an   aldehyde   residue   and   a   secondary  amine 

group  co-existing  in  the  same  molecule,  indicated  other  difficulties 
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in  Uid  way  of  the  ftcoeptanoe  of  Romt'h  formula,  and  propoMd  io 
snbaUttile  for  it  the  following  formula,  IV,  in  which  ootarnine  is 
reprtiMitod  at  a  oarbinol  base  : 

IV.  V. 

Hantnoh  and  Kalb  {Ber„  1899,  32,  3109),  who  investigated  the 
conductivity  of  ootarnine  solutions,  suggested  in  explanation  of  the 
anomalous  results  which  they  obtained  that  such  solutions  may  consist 
of  a  mixture  in  equilibrium  of  two  or  possibly  three  forms  of  cotamine, 
namely,  the  ammonium  base  V,  corresponding  with  the  cotarnine  salts 
II,  the  carbinol  form  IV  proposed  by  Decker,  and  Boser's  open  chain 
aldehyde  form  L 

The  sparingly  soluble  cyanide  of  low  electrical  conductivity  obtained 
by  Freund  and  Kalb  from  cotarnine  hydrochloride  and  potassium 
cyanide  is  similar  in  every  respect  to  the  cyanides  of  the  acridinium 
bases,  and  accordingly  these  investigators  concluded  that  this  deriva- 
tive was  not  a  true  salt  of  cotarnine  comparable  with  the  hydrochloride 
LL  This  view  was  confirmed  by  Freund  (Ber.,  1900,  33,  380),  who 
obtained  a  methiedide  from  the  cyanide  and  showed  that  this  result  is 
most  readily  explained  by  assuming  that  the  latter  compound  is  a 
carbinol  derivative : 


'.HA^^:? 
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From  the  foregoing  summary,  it  appears  that  three  formulae  have 
been  proposed  for  cotarnine  and  cotarnine  derivatives,  namely,  Roser's 
aldehyde  formula,  I;  Decker's  carbinol  formula,  IV;  and  the  am- 
monium formula,  V.  There  is,  however,  no  agreement  as  to  which  of 
these  formuln  should  be  assigned  to  solid  cotarnine,  and,  according 
to  Hantsscb  (Bm-^  1900,  83,  3685),  the  existing  daU  are  insufficient 
to  decide  this  point.  We  believe,  however,  that  the  necessary  evi- 
dence for  answering  this  question  definitely  and  for  determining  in 
which  form  ootarnine  exists  in  solution  in  a  particular  solvent  is 
afforded  by  a  study  of  thv^bsorption  spectra  of  these  substances. 

Whilst  solutions  of  cotarnine  in  ether  or  chloroform  are,  like  the 
solid  base,  quite  colourless,  its  solutions  in  water  or  alcohol  are  yellow, 
a  change  taking  place  as  soon  as  the  alkaloid  comes  into  contact  with 
either  of  the  last-mentioned  solvents.  Since  there  is  no  reason  to 
suppose  that  either  ether  or  chloroform  has  any  action  on  ootarnine, 
the  absorption  spectra  of   the   solutions  in  thsse  solvents  may  be 
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regarded  as  the  true  absorption  spectra  of  this  substance.  These 
spectra  agree  closely  with  those  of  hydrocotainine,  a  substance  which 
is  generally  considered  to  have  the  constitution  represented  by  III 
(Plate  I). 

This  agreement  is  altogether  inexplicable  if  the  constitution  repre- 
sented by  Roser's  formula  is  accepted  for  cotarnine,  but  it  is  at  once 
explained  by  the  adoption  of  the  carbinol  formula,  which  represents 
cotarnine  as  differing  from  hydrocotarnine  only  in  the  substitution  of 
a  hydroxyl  group  for  an  atom  of  hydrogen.  Moreover,  the  spectra  of 
cotarnine  in  ether  or  chloroform  are  practically  identical  with  those  of 
the  cyanide  which  Hantzsch  and  Kalb  represent  as  being  a  derivative 
of  the  carbinol  form  (Plate  III,  Figs.  1  and  9). 

A  very  dilute  aqueous  or  alcoholic  solution  of  cotarnine,  on  the  other 
hand,  gives  spectra  practically  identical  with  those  of  cotarnine  hydro- 
chloride (Plate  II),  which  are  widely  different  in  character  from 
the  spectra  of  cotarnine  in  ether.  The  same  spectra  are  also  given  by 
a  solution  of  cotarnine  hydrochloride  from  which  the  chlorine  has  been 
removed  by  means  of  silver  oxide. 

It  thus  appears  that  cotarnine  and  all  its  derivatives,  which  we  have 
so  far  examined  spectroscopically,  conform  to  one  or  other  of  these 
two  forms  of  spectra.* 

(1)  Spectra  showing  a  large  amount  of  general  absorption  and  having 
two  well-marked  absorption  bands,  one  of  which  is  close  to  the  visible 
region  of  the  spectrum  ;  X  3278  indicates  approximately  the  middle  of 
one  band,  and  X  2500  the  middle  of  the  other  (Plate  II  t).  Cotarnine  in 
dilute  aqueous  or  alcoholic  solution,  the  cotarnine  salts,  and  the  hydro- 
chloride of  cotarnine  oxime  have  spectra  of  this  type.  All  the  sub- 
stances of  this  class  are  yellow,  and  are  generally  represented  by  the 
formulas  II  and  V. 

(2)  Spectra  showing  less  general  absorption  than  the  former,  and 
having  one  band  which  does  not  coincide  in  position  with  either  of  the 
bands  in  the  former  spectra;  A  2857  indicates  approximately  the  position 
of  this  band  (Plate  I).  Solutions  of  cotarnine  in  ether  or  chloroform, 
hydrocotarnine  and  its  salts,  ethoxyhydrocotarnine,  and  cyanohydro- 
cotarnine  have  spectra  of  the  second  type ;  these  substances  are  colour- 
less, and  can  all  be  easily  represented  by  means  of  the  carbinol  formula. 
The  spectra  of  the  oxime  also  agree  closely  with  the  spectra  of  this 
group,  but  in  the  absence  of  information  as  to  the  relationship  gener- 
ally existing  between  the  spectra  of  oximes  and  those  of  the  substances 
from  which  they  are  derived,  we  do  not  wish  to  lay  stress  on  this  result. 

*  The  choice  of  dorivativcs  is  necessarily  limited  to  those  which  do  not  contain 
groups  exercising  a  marked  influence  on  the  character  of  the  spec tm. 

t  Only  the  fiMt  of  these  Imnds  is  shown  in  the  i>nrt  of  the  photoj^raph  reproduced, 
the  second  band  alone  api>caring  in  the  spectra  of  more  dilute  solutious. 
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Our  atUntioD  was  first  directed  to  the  probleui  ni  luy  t^iimuiiuiioD 
of  cotaroine  bj  the  remarkable  aotion  of  alcohol  on  this  lubetance. 
In  general,  no  sudden  change  is  producod  in  the  character  of  tho 
•spectra  of  a  substance  by  mere  dilution  ;  ns  the  concentration  dim- 
nishea,  ^he  extent  to  which  the  spectrum  is  transmitted  g^raduall j 
increaees,  and  the  absorption  bands  disappear.  In  the  case  of  the 
aloohoUo  ootarnine  solution,  howeyer,  it  was  noticed  that  on  iocreasiog 
the  dilution,  the  extent  to  which  the  spectrum  was  transmitted  was 
diminished,  and  the  position  of  the  absorption  bands  altered. 

This  peculiarity  in  the  behaviour  of  cotarnine  could  only  be 
accounted  for  by  assuming  that  the  action  of  the  alcohol  brought 
about  a  constitutional  change.  It  is  remarkable  that  until  quite 
recently  little  attention  has  been  paid  to  the  action  of  alcohol  on 
ootarnine,  although  it  has  been  known  ever  since  the  substance  was 
discovered  that  its  solution  in  alcohol  has  an  intense  yellow  colour. 
Cotarnine,  when  treated  with  methyl  iodide  in  presence  of  alcohol, 
vields  the  methiodide  of  ethoxyhydrocotarnine  (Roser,  loc.  cit.)^  and 
jiiite  recently  Freund  and  Bamberg  {Ber.,  1902,  35,  1739)  have  pre- 
pared ethoxyhydrocotarnine  by  dissolving  cotarnine  in  absolute  alcohol 
iiod  evaporating  the  solution  under  diminished  pressure.  They  con- 
sider that  certain  of  the  reactions  of  this  substance  are  best  explained 
by  regarding  it  as  a  derivative  of  the  carbinol  form,  YIII,  whilst 
others  auggest  the  ammonium  configuration,  IX  : 

VIII.  IX. 

The  fact  that  this  compound  is  colourless  points  to  the  former 
formula  as  being  more  appropriate,  and  this  is  supported  by  the 
examination  of  the  spectra  of  the  substance  in  ethereal  solution,  which 
are  the  same  as  those  of  cotarnine  in  ether. 

The  action  of  the  alcohol,  however,  does  not  end  with  the  formation  of 
ethoxyhydrocotarnine.  The  alcoholic  solution  of  this  substance  rapidly 
becomes  coloured,  and  then  gives  absorption  spectra  differing  widely 
from  the  spectra  of  its  coloorless  ethereal  solution  and  approaching  more 
and  more  eloeely,  according  to  the  conditions,  to  the  spectra  of  cotarnine 
hydrochloride.  When,  therefore,  solid  cotarnine  is  treated  with  succes- 
sively larger  quantities  of  alcohol,  or  when  successively  larger  quantities 
of  alcohol  are  added  to  the  ethereal  solution  of  cotarnine,  the  base  changes 
l^^hom  tlie  carbinol  to  the  ammonium  form,  and  the  absorption  spectra 
^^^be  seen  to  pass  gradually  from  those  characteristic  of  the  one  form  to 
l^Hiose  characteristic  of  the  other  (Plate  III,  Figs.  1 — 8).     The  change 
^Han   be  traced  through  all  its   phases   by   carefully   regulating  the 
^B    VOL.   LXXXUL  S  S 
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conditions,  and  it  is  even  possible  to  estimate,  at  least  approximately,  the 
extent  to  which  the  change  has  proceeded  by  comparing  the  spectra  of 
the  Folutions  with  those  of  a  series  of  solutions  containing  mixtures  in 
definite  proportions  of  cotarnine  hydrochloride  and  cyanohydrocotam- 
ine  (Plate  III,  Figs.  9— 16 ;  Table  I,  p.  604).  Whether  the  final  product 
of  decomposition  is  an  ethoxy-compound  of  the  form  represented  by 
IX,  or  merely  the  ammonium  base  Y,  it  is  impossible  to  decide 
with  certainty,  since  the  spectra  of  both  substances  would  be  the 
same,  the  difference  between  the  compounds  consisting  merely  in  the 
substitution  of  CgHg  for  H. 

The  action  of  methyl  alcohol  on  cotarnine  is  even  more  marked 
than  that  of  ethyl  alcohol.  By  dissolving  1  milligram-mol.  of 
cotarnine  in  500  c.c.  of  ethyl  alcohol,  10  percent,  is  converted  into  the 
ammonium  base  form,  whilst  the  proportion  changed  by  dissolving 
the  same  weight  in  methyl  alcohol  is  between  20  and  30  per  cent. 

The  action  of  alcohol  is  accelerated  by  heating.  Time  also  has  an 
important  influence  on  the  change,  the  spectra  of  an  alcoholic  solution 
which  has  been  kept  for  some  time  indicating  a  closer  approximation 
to  the  spectra  of  cotarnine  hydrochloride  than  those  of  the  same 
solution  when  freshly  prepared. 

The  final  result  of  the  action  of  alcohols  on  cotarnine  is  the  same  as 
that  of  hydrochloric  acid,  but  whilst  the  action  of  the  acid  brings 
about  the  transformation  in  an  inappreciably  short  space  of  time,  the 
change  under  the  influence  of  alcohol  proceeds  slowly  unless  assisted 
either  by  heating  or  by  the  presence  of  a  large  mass  of  the  solvent. 

Alkalis  tend  to  change  the  ammonium  form  of  cotarnine  into  the 
carbinol  form,  their  action  being  the  reverse  of  that  of  acids,  water, 
or  alcohols. 

When  a  solution  of  cotarnine  hydrochloride  is  decomposed  with 
sodium  hydroxide,  the  base  is  obtained  at  once  in  the  carbinol  form, 
the  transformation  taking  place  with  extreme  rapidity,  just  like 
the  inverse  change  induced  by  acids.  If,  however,  an  aqueous  solu- 
tion of  cotarnine  is  treated  with  successively  larger  quantities  of  sodium 
hydroxide,  the  change  from  the  ammonium  base  to  the  carbinol  form 
may  be  traced  through  all  its  phases  (Plate  III,  Figs.  17 — 24),  and  as  in 
the  case  of  the  opposite  change  under  the  influence  of  alcohol,  the 
extent  to  which  the  change  has  proceeded  under  any  given  set  of  con- 
ditions may  be  approximately  estimated  (see  Table  II,  p.  605). 

Potassium  and  barium  hydroxides  act  similarly,  equivalent  quanti- 
ties of  these  bases  producing  practically  the  same  effect  as  sodium 
hydroxide.  The  amount  of  change  produced  by  an  equivalent  amount 
of  ammonia  is,  on  the  other  hand,  very  much  smaller.  Heating 
appears  to  retard  the  action  of  the  alkalis. 

So  far  we  have  failed  to  End  any  evidence  of  the  existence  of  more 
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ihjin  two  forma  of  ooUmiDe  in  solution.  We  have  been  able  by  meani 
of  mixtarM  of  eyanoliTdroootarnine  (carbinol  form)  and  cotamine 
hydrochloride  (ammonium  form)  to  reproduce  all  the  appearancee 
shown  by  the  photographs  of  solutions  of  coUrninn  ohaDging  under 
the  influence  of  alcohol  or  sodium  hydroxide. 

We  haTe  failed  to  find  any  justification  for  the  view  (Freund,  Ber.^ 
1900,  33»  380)  that  cyanohydrocotarnine  consists  of  a  mixture  in 
equilibrium  of  two  forms.  No  doubt  this  substance  readily  under- 
goes change  like  the  other  cotarnine  derivatives,  but  the  fact  that  its 
spectra  are  almost  identical  with  those  of  an  ethereal  solution  of 
cotarniue  shows  that  it  cannot  be  mixed  to  any  appreciable  extent 
with  a  derivative  of  the  ammonium  form. 

The  foregoing  obeeryations  on  the  conditions  under  which  cotarnine 
undergoes  isomeric  change  explain  to  a  large  extent  the  anomalous 
results  obtained  by  Hantzsch  and  Kalb  {Ber.,  1899,  32,  3109)  in  their 
experiments  on  the  conductivity  of  cotarnine  solutions.  The  increase 
in  the  value  of  iT,  observed  when  the  temperature  of  the  aqueous 
•datton  is  raised  from  0°  to  25°,  is  no  doubt  due  to  the  influence 
of  heat  in  promoting  the  conversion  of  the  carbinol  into  the 
ammonium  form  of  the  base.  The  system,  cotamine  hydrochloride 
— NaOH,  at  once  gives  a  constant  conductivity  because,  as  the  spectra 
show,  the  change  from  the  ammonium  base  to  the  carbinol  form  is 
practically  complete  in  an  inappreciably  short  space  of  time.  The 
smaller  conductivity  of  the  solution  obtained  in  this  way  as 
compared  with  that  of  an  aqueous  solution  of  cotarnine  is  ob- 
viously due  to  the  circumstance  that  the  former  contains  the 
carbinol  form,  whilst  the  latter,  if  sufficiently  dilute,  contains 
chiefly  the  ammonium  form.  Lastly,  the  solution  obtained  from 
cotarnine  hydrochloride  by  removing  the  chlorine  with  silver  oxide 
gives  a  higher  value  for  K  than  the  aqueous  solution,  because,  on 
the  removal  of  the  chlorine,  practically  the  whole  of  the  cotamine 
is  at  once  obtained  in  the  ammonium  form,  whereas  when  cotamine 
is  dissolved  in  water  the  tran3formation  requires  for  completion  a  high 
degree  of  dilution. 

The  experiments  described  in  this  paper  have  been  carried  out 
primarily  with  the  object  of  throwing  light  on  the  constitution 
of  cotarnine  and  its  derivatives.  It  is  obvious,  however,  that 
they  afford  a  basis  for  inHtresting  observations  on  the  rate  of  trans- 
formation and  on  the  conditions  which  influence  isomeric  change,  and 
also  that  they  may  possibly  afford  a  means  of  comparing  the  influence 
of  the  various  adds  and  alkalis  in  promoting  or  hindering  such 
changes.  We  are  now  engaged  on  a  series  of  aocnrate  experiments  in 
this  connection. 

Hydrastinine,  which  seems  to  behave  in  the  same  way  as  cotamine 
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under   the   influence   of   alcohol   and   other  reagents,   is   also  under 
investigation. 

Experimental. 

The  cotarnine  employed,  which  was  prepared  from  narcotine  by  the 
method  given  by  Anderson  {AnnaleUy  1853,  86,  187)  and  purified  by 
Beckett  and  Wright's  method  (Trans.,  1875,  28,  576),  melted  at 
132 — 133°.  The  hydrocotarnine  was  prepared  by  the  reduction  of 
cotarnine,  and  melted  at  55°  (Beckett  and  Wright,  loc.  cit.).  The 
cyanide  (m.  p.  94°)  was  obtained  by  the  action  of  potassium  cyanide 
on  the  hydrochloride  (J5e?-.,  1899,  32,  3130);  the  ethoxy-derivative, 
which  was  prepared  by  dissolving  cotarnine  in  the  least  possible 
quantity  of  absolute  alcohol,  and  rapidly  evaporating  off  the  alcohol 
under  diminished  pressure,  crystallised  in  colourless  crystals  melting 
at  83°  and  decomposing  at  125°  (Freund,  Ber„  1902,  36,  1739). 

The  hydrochloride  of  cotarnine  oxime,  prepared  by  the  action  of  a 
slight  excess  of  hydroxylamine  hydrochloride  on  an  alcoholic  solution 
of  cotarnine,  is  a  yellow,  crystalline  substance,  which,  on  treatment 
with  sodium  carbonate,  yields  the  oxime,  the  latter  being  a  colourless, 
crystalline  compound  melting  at  165°  {AnnaleUf  1889,  264,  334). 


Table  I. 

Effect  of  the  Gradual  Addition  of  Methyl  Alcohol  to  an  EtJiereal  Solution 
of  Cotarnine  at  the  Ordinary  Temperature. 


Percentage  of  methyl 
alcohol. 


0  i>€r  ceut. 
25        ,, 
40        „ 
60 
100 


Carbinol 
form. 


100  percent. 
97-6 
92-5 
85 
76 


Ammonium  base 
form. 


2 '5  percent 

7-6       „ 
16 
25 


Plate  Hi. 


The  conversion  into  the  ammonium  base  form  is  practically  com> 
pleted  either  by  warming  the  alcoholic  solution  or  by  allowing 
it  to  remain  for  a  sufficient  length  of  time  (see  Plate  III,  Figs.  6 
aDd7). 

The  nuuiberH  representing  the  amount  of  change  in  the  foregoing 
table  are  only  approximate.  They  have  been  obtained  by  comparison 
with  photographs  of  the  spectra  of  mixtures  in  known  proportions 
of  cyanobydrocotarnine  (carbinol  form)  and  cotarnine  hydrochloride 
(ammonium  form).     Some  of  the  mizti^res  were  checked  against  mix- 


Tlate  L 


JfydrocolarHine. 


mm. 

f       25 

20 
15 
o       10 


Colarmine  (in  ether). 


IM.ATK    II 


lutu. 

SO 
15 

v.* 


Cotamine  hydrochloride. 


Cotarmimc  {in  water). 


Plate 

Kffcrt  of  fl"'  nrn'hial  addition  of  methyl 


i  'A  6  A 

Gutaniine  in  Cotamine  in  Cotarnine  in  Cotaraine  in 

dher'.  ether 75  %!  ether 60  %\  ether 50%) 

wthyl  alcohol   25  %  I  methyl  alcohol  40%)  methyl  alcohol  60%/ 


Af sorption  spectra  of  mixtures  in  variovn  projyorfiovs  of  eifnnohydrocotamiiu 


Cf/nnofi  ydrocota  m  inc. 


10  11  12 

Mi.ilure  of  Mixture  oj  Mixture  of 

cyanide 97*5  %\  cyanide    95  %  \  cyanide  90 

"J  hydrochloride     5%/  hydrochloride...  10 


hydrochloride.     2 '5  %/  hydrochloride 


Effect  of  the  gradual  addition  t^  sodiuw 


17 

18 

19 

20 

Cotamiiu  in  2X 

Ctttumine  in 

Cotamine  in 

Cotamine  in 

sodium  hydroxide. 

iV/2  NaOH. 

N/5  NaOH. 

i^/lO  NaOH. 

III. 


,u'innhf*f  ffi  trrt  rthrrmf  jtofutioTi  -f  r-'rrminf. 


5                                       6  7 

CoUirHi$u  in  muik^l          Cotarnitu  in  meUiyl  CoUtrnine  in  methyl 

alcohol  tuaUdfor  alcohol  heated  for 

10  mtiw.  at  40°.  30  mins.  at  40** 


Colamine  hydro- 
chloride. 


hinol/orm)  and  colamine  hydrochloride  {ammonium  ba»'  form). 


13 
3f  rfnre  qT 


70  %1 
ride.   80%/ 


14 
Mixlurey>f 

cyanide '  40 

hydrochloride..  60 


7J 


15 
ilirlurc  or 


cyanide^ 20;%\ 

hydrochloride..  80^%/ 


16 

Cotamine  htdro- 

chloride Jl 


hyiroxidc  to  an  aqufoiin  jtohUion  q(  cotaminc. 


21 
Colamine  in 


22 

Cotaminejn 

JVVlOO-NaOH. 


23 
Cotarnine  in 
N/500  NaOH. 


24 
Colamine  hydro- 
chloride. 
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mfttbl  ^  Sodium  IlydrooeUU  im  an  Aquitoua  Soluium  of  Coiamim  at  tK$ 
Ordinairy  Ttmptrahurt, 


Stnngth  of 

C.irMnol 

ruu  III, 

•odiam  hydmzide. 

form. 

form. 

flg. 

K/BOO  N»HO 

20  per  cant 

80 

23 

moo     ., 

i"   :: 

40 

60 

22 

7<> 

30 

21 

90 

9r> 

10 
6 

20 
19 

J*    :: 

97  r.    „ 

2-5     „ 

18 
17 

ioree  oontaiDing  hydrocotamioe  in  place  of  the  cyanide.  In  every 
ease  the  results  were  identical. 

The  method  adopted  in  photographing  the  spectra  has  already  been 
deeeribed  in  former  papers. 

The  top  line  in  each  photograph  shows  the  spectrum  of  the  alloy 
of  cadmium,  tin,  and  lead.  The  photographs  in  plate  III  are  directly 
comparable  with  those  in  plates  I  and  II,  the  same  streogth  of  solu- 
tion and  layers  of  the  same  thickness  being  employed  in  each  case. 

It  may  be  mentioned  that  the  photographs  in  plate  III  are  only  a 
selection  from  the  series  taken. 


We  again  desire  to  express  our  cordial  thanks  to  Professor  W.  N. 
Hartley  for  kindly  lending  us  the  apparatus  with  which  the  experi- 
ments were  carried  out. 

Uvmusmr  Collsox  or  North  Walks, 
Baxgox. 


LXV. — On  the  Relation  between  the  Absorption  Spectra 
and  the  Chemical  Sti^ucture  of  Cofydaline,  Ber^ 
berine,  and  othe^  Alkaloids, 

By  James  J.  Dobbh,  M.A.,  D.Sc.,  and  Alkxandeb  Lauder,  B.Sc. 

Iv  a  paper  read  before  the  Society  in  December,  1901  (Trans.,  1902, 
81,  145),  we  communicated  the  results  of  our  inyestigation  on  the 
constitution  of  corydaline,  and  showed  that  this  alkaloid  is  closely 
related  to  berberine.     We  have  since  been  engaged  in  the  8pectit>6copic 
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examination  of  these  two  alkaloids  and  their  decomposition  products, 
and  we  now  propose  to  lay  the  results  of  this  supplementary  investi- 
gation before  the  Society,  with  the  object  mainly  of  showing  that  the 
spectroscopic  method  might,  with  advantage,  be  generally  employed  in 
such  researches. 

In  a  paper  communicated  to  the  Royal  Society  eighteen  years  ago 
by  Professor  Hartley  {Phil.  Trans.,  1885,  Part  II,  471),  it  is  shown 
that  the  principal  alkaloids  give  highly  characteristic  absorption  spectra 
which  can  be  used  for  their  identification  and  for  ascertaining  their 
purity.  It  is  further  shown  that  alkaloids  closely  related  to  one 
another,  like  quinine  and  quinidine,  cinchonine  and  cinchonidine,  mor- 
phine and  codeine,  give  very  similar  spectra.  At  the  time  at  which 
this  paper  was  published,  however,  little  progress  had  been  made  with 
the  investigation  of  the  alkaloids,  and  it  was  not  possible,  therefore, 
to  trace  any  close  connection  between  their  structure  and  their 
spectra. 

The  constitution  of  the  principal  members  of  the  group  of  alkaloids 
to  which  corydaline  and  berberine  belong,  namely,  papaverine,  hydras- 
tine,  narcotine,  and  narceine,  has  now  been  definitely  determined,  and 
the  examination  of  this  group  furnishes  a  good  basis  for  the  study  of 
the  relationship  between  the  absorption  spectra  and  the  constitution  of 
the  alkaloids. 

Since  papaverine  is,  in  some  respects,  more  simply  constituted  than 
the  other  members  of  the  group,  it  will  be  convenient  to  consider  each 
of  the  others  with  reference  to  it.  According  to  Goldschmiedt,  the 
structure  of  papaverine  is  represented  by  the  following  formula  : 


(^,^,OMe 
CH    ^^ 


213  4 


MeO^V^^N 


Fio.  1. 

A  graphic  representation  of  the  absorption  spectra  of  papaverine  is 
given  in  Fig.  8,  p.  6 1 6.  The  spectra  show  two  absorption  bands,  the  first 
lying  between  V^  2998  (X«3335)  and  V^  3295  (X- 3036),  and  the 
second  between  V^  3956  (X»2528)  and  V^  4555  (X-2195). 

Hydrastine  differs  structurally  from  papaverine  in  the  following 
particulars  :  (i)  The  i«oquinoline  nucleus  is  partially  reduced,  (ii)  The 
two  methoxyl  radicles  of  the  uoquinoline  nucleus  are  replaced  by  a  di- 
oxymethylene  group,  (iii)  A  methyl  group  is  attached  to  the  nitrogen 
atom,  (iv)  A  carbonyl  group  is  attached  to  the  carbon  atom  (4),  and 
through  the  medium  of  an  oxygen  atom  is  also  linked  to  carbon  atom 
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(2),  whieli  has  only  one  atom  of  hydrogen  Aitaohed  to  it.  From  thin 
comparison,  it  is  obyious  that  the  two  subatanoes  differ  considerably  in 
Umr  ooQstitation.  On  comparing  the  curve  of  the  absorption  spectra  of 
hydrasiiiiewith  that  of  papaverine  (Figs.  10  and  8,  pp.  617  and  616),  it 
will  be  teen  that  there  is  a  correspondingly  wide  difference  between 
them  ;  hydrastine  exhibits  slightly  less  general  absorption  than  papa- 
verine, and  shows  only  one  absorption  band  which  is  wider  and  much 
more  persistent  than  either  of  the  absorption  bands  of  papaverine. 
Narootine  only  differs  from  hydrastine  in  containing  an  additional 
methoxyl  group  attached  to  ring  IV,  and  the  two  alkaloids  give  practi- 
cally identical  absorption  spectra  (Figs.  11  and  10,  p.  617).  Assuming 
the  oonatitution  of  corydaline,  as  determined  by  us,  to  be  correct,  it  is 
reprennied  by  the  second  of  the  following  formulae  : 

H,  H, 

Fio.  2.  — Tetrahydroberberinc.  Fio.  3.— Corydaline. 

On  comparing  this  formula  with  that  of  papaverine,  the  differences 
will  be  seen  to  consist  in  the  partial  reduction  of  the  i«oquinoline 
nucleus  and  in  the  presence  of  carbon  atom  (5),  which,  with  its  associ- 
ated methyl  group,  is  linked  on  the  one  hand  to  carbon  atom  (4),  and 
on  the  other  to  the  nitrogen  atom,  thus  forming  a  fourth  closed  chain 
in  the  molecule.  Here,  again,  the  difference  between  the  absorption 
spectra  and  those  of  papaverine  is  very  marked.  The  amount  of 
general  abeorption  is  less,  and  there  is  only  one  absorption  band,  which 
i^,  however,  better  defined  and  more  persistent  than  the  papaverine 
bands  (Figs.  8  and  12,  pp.  616  and  618). 

In  diseoaiing  the  relations  between  corydaline  and  berberine,  it  is  to 
be  remembered  that  corydaline  corresponds  to  tetrahydroberberine, 
and  berberine  to  dehydrocorydaline.  The  constitutional  connection 
between  corydaline  and  tetrahydroberberine  is  undoubtedly  very  close 
(Trans.,  1902,  81,  U5),  as  a  comparison  of  the  formula  (Figs.  2  and 
3,  above)  will  show,  and  lytween  the  spectra  of  the  two  substances  there 
is  also  a  very  cloee  relation  (Figs.  12  and  13,  p.  618),  the  only  difference 
being  that  the  general  absorption  of  tetrahydroberberine  is  slightly 
greater  than  that  of  corydaline. 

When  papaverine  is  reduced  to  tetrahydropapaverine,  it  is  brought 
structurally  very  near  to  corydaline.  A  comparison  of  the  formulae  of 
the  two  substanoes  shows  that  the  former  substance  differs  from  the 
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latter  in  the  absence  of  carbon  atom  (5)  of  ring  II  with  its  associated 
hydrogen  atom  and  methyl  group.  The  spectra  of  the  two  compounds 
are  almost  identical  (Figs.  9  and  12,  pp.  616  and  618).  Viewing  cory* 
daline  as  derived  from  tetrahydropapaverine  by  the  addition  of  CUj 
forming  a  fourth  closed  chain  in  the  molecule,  it  might  have  been  antici- 
pated that  the  difference  between  the  absorption  spectra  of  the  two 
substances  would  be  greater  than  is  found  to  be  the  case.  It  should 
be  noted,  however,  that  ring  II  in  corydaline  is  a  reduced  ring,  and 
would  not  therefore  exert  the  same  influence  on  the  absorption 
spectra  as  the  formation  of  a  pyridine  ring.  It  might  be  expected  to 
produce  an  effect  comparable  with  that  produced  by  the  substitution 
of  a  dioxymethylene  for  two  methoxyl  groups,  which,  we  shall  show 
later,  is  slight  in  compounds  of  high  molecular  weight  (Hartley,  Trans., 
1885,  47,  691  ;  Hartley  and  Dobbie,  Trans.,  1900,  77,  846). 

Narceine  is  the  extreme  member  of  this  group.  It  has  two  benzene 
nuclei,  but  no  pyridine  ring,  and  in  other  particulars  differs  consider- 
ably in  constitution  from  papaverine.  The  absence  of  any  absorption 
band  differentiates  the  spectra  widely  from  those  of  the  other  members 
of  the  group  (Fig.  29,  p.  609). 

We  have  shown  (Dobbie  and  Lauder,  loc.  cit.)  that  corydaline  and 
berberine  give  rise  to  a  parallel  series  of  derivatives.  The  absorption 
spectra  of  the  corresponding  derivatives  are  related  to  one  another 
in  the  same  way  as  the  spectra  of  the  parent  substances.  When 
corydaline  is  acted  on  with  mild  oxidising  agents,  four  atoms  of 
hydrogen  are  removed,  and  a  yellow  substance  is  obtained,  which 
stands  in  the  same  relation  to  corydaline  as  berberine  to  tetra- 
hydroberberine  (Trans.,  1902,  81,  145). 

Oxidation  with  dilute  nitric  acid  converts  corydaline  and  berberine 
respectively  into  the  dibasic  corydic  and  berberidic  acids : 

C,.H,(CH,)(OCH.),.N(CO,H),. 
Corydio  acid. 

C„H,(CH,0,)-N(CO,H)„ 

Berberidic  acid. 

whilst  oxidation  with  permanganate  gives  rise,  amongst  other  products, 
to  corydaldine  in  the  former  case,  and  to  c^aminoethylpiperonylcarb- 
oxylio  anhydride  in  the  latter.  The  corresponding  derivatives  differ 
structurally  from  one  another  in  the  same  way  as  corydaline  and  tetra- 
hydroberberine,  excepting  that,  in  the  case  of  corydaldine  and  w-amino- 
ethylpiperonylcarboxylic  anhydride,  ring  II  having  disappeared,  the 
difference  between  the  two  compounds  is  confined  to  the  replacement  of 
the  two  methoxyl  groups  of  the  former  by  dioxymethylene  in  the  latter. 
The  spectra  of  the  corresponding  derivatives  (Figs.  16  and  17,  and  20  and 
21,  pp.  620  and  622)  exhibit  the  same  close  relationship  as  those  of  the 
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aUodoidi  UmidmItm.  The  fenaral  absorption  of  the  berberine  deriya- 
iivee  it,  howerer,  always  slightly  greater  than  that  of  the  oorrespondiog 
oorydaliiM  derivrntiTes.  This  is  probably  due  to  the  inBuenoe  of  the 
diozyintihyleDe  groap,  and  the  correctness  of  this  inferenoe  is  supported 
by  the  fact  that  piperonylio  acid,  C«H,(0H,02)*00,H,  shows  slightly 
grealer  general  abeorption  than  yeratric  acid,  OoU,(OCH,),*CX),II 
(Rgs.  18  and  19,  p.  621). 

Whilst  the  spectra  of  oorydaldine  and  (tf-aminoethylpiperonylcarb- 
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oxylic  anhydride  approach  one  another  closely,  they  differ  widely  from 
those  of  cotamine  and  hydiastinine  (Figs.  20, 21  ,and  22, pp.  622  and  623), 
the  corresponding  oxidation  products  of  narcotine  and  hydrastine  re- 
spectively. The  difference  finds  a  sufficient  explanation  in  the  fact  that 
whilst  all  four  substances  are  nearly  related,  the  chain  containing  the 
nitrogen  atom,  which  is  closed  in  the  two  former,  is  open  in  the  two 
latter.  When,  however,  hydrastinine  is  oxidised  by  means  of  an 
aqueous  solution  of  potassium  hydroxide,  the  open  chain  is  closed,  and 
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oxyhydrasUnine  (Figs.  6  and  7,  below),  the  absorption  spectra  of  which 
are  alraostidentical  with  those  of  corydaldine  andcD-aminoethylpiperonyl- 
carboxylic  anhydride,  is  produced  (Figs.  20,  21,  and  23).  The  relation- 
ship between  these  compounds  is  shown  by  the  following  formul»  :• 

O  O 


Fio.  4. — «-Aminoethylpiperonyl-  Fio.  5. — Corydaldine. 

carboxylic  auliydride. 

CHO  O 

Fig.  6. — Hydrastinine.  Fio.  7. — Oxyhydrastinine. 

Again,  when  the  pyridine  ring  of  cotarnine  and  hydrastinine  is 
closed  by  the  conversion  of  these  substances  into  their  salts  or  by 
their  reduction  to  hydro-derivatives,  the  changes  of  structure  are  re- 
produced in  a  striking  manner  in  the  spectra.  As,  however,  additional 
points  of  considerable  interest  have  arisen  in  connection  with  the 
study  of  these  compounds,  we  postpone  the  further  discussion  of  them 
to  a  future  paper. 

We  proceed  now  to  consider  more  fully  the  influence  of  specific 
differences  of  constitution  on  the  spectra,  and  to  indicate  how  the 
relationships  established  may  be  used  in  the  study  of  alkaloids  of 
unknown  constitution. 

It  is  now  known  that  many  alkaloids  which  possess  the  same 
formula  are  stereoisomerides.  Alkaloids  which  are  related  in  this  way 
give,  like  other  stereoisomerides,  identical  spectra  (Hartley  and  Dobbie, 
Trans.,  1900,  77,  498  and  509).  Illustrations  of  this  are  afforded  by 
(i-corydaline  and  t-corydaline  (Fig.  12),  narcotine  and  gDOSCopine 
(Fig.  11),  tetrahydroberberineand  canadine  (Fig.  13).  Quinidine  (con- 
quinine)  and  cinchonidine  also  give  absorption  spectra  identical  with 
those  of  quinine  and  cinchonine  respectively,  of  which  substances  they 
are  probably  stereoisomeric  forms  (Figs.  24  and  25,  p.  624).  This  re- 
lationship might  sometimes  be  used  to  assist  the  investigation  of  cases 
of  suspected  stereoisomerism.     Where,  for  example,  two  compounds  of 

*  Since  the  above  was  written,  wo  have  found  tliat  cotarnine  and  hydrastinine  in 
alcoholic  solution  do  not  possess  the  constitution  commonly  assigned  to  them.  This, 
however,  in  no  way  affects  the  above  argument,  since  there  is  an  important  constitu- 
tioual  difference  between  oxycotamine  and  oxyhydrastinine  on  the  one  hand,  and 
cotamino  and  hydrastinine  on  the  other,  whatever  formula)  be  accepted  for  the  two 
latter. 
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Um  wmma  iy>k  ...U..4  are  known »  one  aoUvo  and  the  other  inactiTe,  it  may 
be  inferred  thai  ihey  are  not  optical  iaomeridee  if  they  have  different 
abeorpiion  epeotra. 

A  caee  in  point  ie  afforded  by  oanadine  and  papaverine,  which  poeieee 
the  eaaie  molecular  formula  but  give  widely  different  absorption  spectra. 
Even  if  it  were  not  known  otherwise  that  these  two  substances  are 
8tructurally  different,  this  might  be  inferred  from  the  differences  in 
their  abeorption  spectra  (Figs.  8  and  13,  pp.  616  and  618).  Canadine 
has  long  been  regarded  as  a  stereoisomeride  of  tetrahydroberberine 
This  question  might  have  been  decided  by  a  comparison  of  the  spectra 
of  the  two  substances,  and  with  this  end  in  view  we  bad  already  under- 
taken tbeir  oomparison,  when  Qadamer  {Arc^k  Fhann.,  1901,  239, 
648)  published  an  account  of  the  resolution  of  tetrahydroberberine 
into  its  active  components,  and  showed  that  one  of  them  was  identical 
with  canadine.  The  result  of  the  spectroscopic  examination  points  to 
the  same  conclusion  (Fig.  13,  p.  618). 

According  to  Gadamer  {Arch.  Pkarm.,  1902,  240,  19),  inactive 
corydaline  exists  in  two  modifications,  one  melting  at  134 — 135°,  and 
the  other  at  158—159°.  The  latter  of  these  only  can  be  resolved 
into  d-  and  i-oorydalinee.*^  The  inactive  modification  of  lower  melting 
point  which  cannot  be  resolved,  might  either  be  a  structural  or  a 
stereoisomeric  modification  of  corydaline.  The  fact  that  its  spectra  are 
identical  with  those  of  natural  corydaline  (Fig.  12)  affords  strong  pre- 
sumption in  favour  of  the  view  that  the  two  are  structurally  identical. 

Homologous  alkaloids  give  practically  identical  spectra.  It  has  been 
shown  from  the  examination  of  many  homologous  substances  that  the 
replacement  of  an  atom  of  hydrogen  by  a  methyl  group  produces  very 
little  effect  on  the  spectra  even  when  the  compounds  are  of  low  molecular 
weight  (Hartley,  PkU.  Trans.,  1879,  Part  I,  257).  The  effect  is  still  less 
noticeable  when  the  replacement  occurs  in  substances  of  high  molecular 
weight,  such  as  the  alkaloids. 

Obdeine  and  morphine  (Fig.  26,  p.  612)  were  examined  by  Hartley 
(PkO.  IVmu.,  1885,  Pt.  II,  47 1),  and  his  curvee  show  clearly  the  relation 
between  these  two  compounds.  We  have  examined  numerous  other  cases 
of  homologous  alkaloids,  and  find  that  they  all  give  practically  identical 
spectra.  The  curves  of  corybulbine,  C^H^O^N  (Fig.  27,  p.  625),  and 
corydaline,  C^H^O^N  (Fig.  12),  and  those  of  quinine,  C^H^^O^K,, 
and  cupreine,  0^9'B.^J^^{V\^.  24),  may  be  referred  to  as  examples. 
When,  therefore,  the  formuUs  of  two  alkaloids  differ  by  CHj,  it  may 


*  In  1901,  ws  iBseatded  in  nsolTiog  i-coiydaliiie  into  iU  opticaUy  actire  fomis, 
and  in  •epaiatiag  out  iSbm  d«ztn>-  bat  not  the  bivo-modification.  We  supposed 
that  we  had  eflMted  tlM  resolatioa  of  Ofdinaiy  eorydaline,  bat  the  specimen  of 
i-€oiydaliB6  witk  wUeh  we  woiked  may  have  become,  nnknown  to  as,  transformed 
into  the  modification  of  higher  melting  point  since  described  by  Gadamer. 
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be  inferred  with  certainty,  if  they 
give  dissimilar  spectra,  that  they  are 
not  homologous.  On  the  other  hand, 
it  cannot  be  inferred  with  certainty 
that  two  substances  which  differ  by 
CHg,  and  have  very  similar  spectra,  are 
really  homologous,  because  the  differ- 
ence in  the  formulae  may  be  due  to 
other  slight  structural  differences. 

The  formula  of  bulbocapnine, 
CjqHiqO^N,  differs  from  that  of  papa- 
verine, OjoHgiO^N,  and  of  tetra- 
hydroberberine,  CoqHjiO^N,  by  CHo, 
but  the  wide  difference  between  the 
spectra  of  all  three  substances  (Figs. 
28,  8,  and  13)  renders  it  highly  im- 
probable that  bulbocapnine  is  homo- 
logously  related  to  either  of  the  others. 
What  is  known  of  the  chemistry  of 
bulbocapnine  entirely  bears  out  this 
conclusion  (Gadamer  and  Ziegenbein, 
Arch.  Pharm.,  1902,  240,  81). 

Many  minor  modifications  of  struc- 
ture in  alkaloids  are  unaccompanied 
by  any  marked  difference  in  the  spectra 
even  where  the  same  modifications 
would  produce  an  appreciable  effect 
on  the  spectra  of  compounds  of  low 
molecular  weight.  Corydaline,  tetra- 
hydroberberine,  and  their  derivatives 
afford  instances  in  which  the  replace- 
ment of  2OCH3  by  CHjOg  does  not 
markedly  alter  the  spectra,  and  narco- 
tine  and  hydrastine  furnisli  an  example 
in  which  the  introduction  of  an  ad- 
ditional methoxyl  group  is  unaccom- 
panied by  any  considerable  effect. 

The  case  of  oinchotenine  and  oin- 
chonine  may  be  quoted  as  another 
instance.  In  oinchotenine  the  side 
chain  'OUICH,  of  cinchonine  is 
oxidised  to  a  carboxyl  group  with- 
out the  spectra  being  appreciably 
affected.      The  resemblance  between 
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th«  two  MiiM  of  tpeolnk  it  to  oIom  that  it  would  at  onoe  tuggett 
A  near  straetural  ralatkm  of  the  tabataooM,  even  if  we  knew  nothing 
of  thair  ehamialry. 

The  rednetioik  of  eloeed  ehain  oompoundff  is  accompanied  by  a  complete 
change  jn  the  character  of  the  spectra  (Hartley,  Trans.,  1885, 47,  691, 
and  Hartley  and  Dobbie,  Trans.,  1900,  77,  846).  Good  illustrations 
of  this  are  afforded  by  the  widely  different  spectra  of  berberine  and 
tetrahydroberberine  (Figs.  15  and  13),dehydrocorydaliDe  and  corydaline 
(Pigs.  14  and  12),  papaverine  and  tetrahydropapaverine  (Figs.  8  and  9). 
There  are,  however,  oases  in  which  partial  reduction  produces  very  little 
change.  Hydroquinine,  C^H^^O^N,,  is  unquestionably  very  closely 
related  to  quinine,  Gffi^fi^^^,  from  which  its  formula  only  differs  in 
containing  two  more  atoms  of  hydrogen.  The  difference  between 
the  i^Motra  of  the  two  substances  is  hardly  perceptible,  and  it  is 
highly  probable,  therefore,  that  the  addition  of  the  two  atoms  of 
hydrogen  is  unaccompanied  by  any  important  change  of  structure. 
The  change  probably  consists  in  the  reduction  of  the  side  chain. 

From  the  examination  of  a  large  number  of  alkaloids,*  we  believe 
it  may  be  laid  down  as  a  general  rule  that  those  which  agree  closely  in 
structure  give  similar  absorption  spectra,  whilst  those  which  differ  in 
essential  points  of  structure  give  dissimilar  spectra. 

This  principle  has  already  been  recognised  and  applied  in  previous 
investigations,  but  it  is  probably  capable  of  a  more  extended  applica- 
tion in  the  ease  of  the  alkaloids  than  in  that  of  any  other  group  of 
snbetanees.  This  is  due  to  the  fact  that  most  of  these  compounds  have 
a  high  moieeolar  weight,  and  changes  may  be  effected  in  their  molecules 
without  alteration  of  the  spectra  which,  in  substances  of  lower  molecular 
weight,  would  be  attended  by  wide  differences.  Thus,  the  essential 
identity  of  constitution  subsisting  between  two  alkaloids  can  often  be 
detected  by  the  spectroscope  in  spite  of  differences  of  structure  which, 
in  substances  of  lower  molecular  weight,  would  give  rise  to  spectra  so 
disnmilar  that  no  close  chemical  relationship  between  them  could  be 
sospected.  An  example  of  this  is  afforded  by  the  absorption  spectra 
of  piperonylic  and  veratric  acids,  from  which  no  safe  conclusion  could  be 
drawn  as  to  the  relationship  of  the  two  substances,  whereas  a  comparison 
of  the  absorption  spectra  of  corydaline  and  tetrahydroberberine,  be- 
tween which  the  same  difference  exists,  leaves  no  doubt  as  to  the  essential 
similarity  of  their  stroctun.    Again,  cinchonine  and  cinchotenine  give 


*  W«  have  made  an  indqtendent  exAinination  of  more  than  thirty  alkaloids, 
indading  quinine,  dwdinnine,  dnchonidine,  cinchonamine,  homocinchonidine, 
qoinidine,  capreine,  hydroquinine,  strychnine,  bmcine,  paparerine,  narcotine, 
gnoaoopine^  nareeuM^  Borphine,  codeine,  thebaine,  landanine,  laodanoaine,  crypto- 
pine,  pratqpine,  hydnMtine,  eanadine,  berberine,  corydaline,  bolbocapnine,  oory- 
balbine,  ooiytabefine,  and  chelidonine. 
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practically  identical  spectra,  whereas  styrolene  and  benzoic  acid, 
which  differ  in  the  same  way,  give  very  different  spectra.  If,  there- 
fore, an  alkaloid  of  unknown  constitution  is  found  to  give  spectra 
closely  resembling  those  of  an  alkaloid  of  known  constitution,  it 
may  with  great  probability  be  inferred  that  the  two  only  differ  in  the 
details  of  their  structure. 

The  study  of  absorption  spectra  is  thus  of  real  practical  value  in 
the  investigation  of  the  alkaloids,  and  we  believe  that,  if  systematically 
used  in  the  manner  we  have  indicated,  it  might  often  be  the  means  of 
saving  much  time  and  labour  in  their  chemical  investigation,  especially 
in  dealing  with  a  large  number  of  closely  related  compounds  such  as 
the  lesser  known  alkaloids  of  the  cinchona  bark. 

Experimental. 

For  the  specimens  of  the  opium  alkaloids,  including  gnoscopine,  we 
are  indebted  to  the  kindness  of  Messrs.  T.  and  H.  Smith,  of  Edinburgh, 
and  for  the  specimens  of  oxyhydrastinine  and  <i>-aminoethylpiperonyl- 
earboxylic  anhydride,  to  Professor  W.  H.  Perkin,  jun.  The  specimens 
of  inactive  and  artificial  corydaline,  corybulbine,  tetrahydroberberine, 
tetrahydropapaverine,  dehydrocorydaline,  corydic  and  berberidic  acids, 
corydaldine,  and  hydrastinine  were  prepared  in  the  College  laboratory, 
and  our  best  thanks  are  due  to  Messrs.  C.  K.  Tinkler,  K.  S.  Caldwell, 
and  Ed.  Jones  for  assisting  in  the  preparation  of  some  of  these  sub- 
stances, and  to  Mr.  C.  P.  Finn  for  assisting  in  photographing  the 
spectra.  The  remaining  alkaloids  were  obtained  by  purchase.  In 
every  case  the  specimens  were  tested  as  to  their  purity,  and,  where 
necessary,  subjected  to  purification. 

Whenever  possible,  specimens  were  obtained  from  at  least  two 
distinct  sources,  and  several  independent  examinations  were  made  of 
each  specimen. 

The  method  adopted  in  photographing  the  spectra  and  in  represent- 
ing them  graphically  is  that  employed  in  the  paper  on  isatio  and 
carbostyril  (Trans.,  1899,  76,  640),  and  fully  described  in  earlier 
papers  by  Hartley.  In  every  case,  equimolecular  solutions  were 
employed.  Starting  with  I  mill.-mol.  in  100  c.c.,  layers  of  5 — 1  mm. 
were  successively  photographed  ;  the  solution  was  then  diluted  to  five 
times  its  volume  (so  that  1  mill.-mol.  was  then  contained  in  500  c.c.) 
and  the  solution  photographed  as  before.  The  dilution  was  continued 
until  the  whole  spectrum  was  transmitted.  In  drawing  the  curves, 
the  ordinate  representing  thickness  of  layer  is  reduced  at  each 
dilution  to  1/5  of  its  former  size.  Each  vertical  scale  division 
represents,  therefore,  an  equal  number  of  molecules  in  solution.  The 
abscissa    are    reciprocals   of    wave-lengths.    Owing    to    the    slight 
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solubility  of  tome  of  the  rabstaooet  ezamioed,  it  was  not  alwajt 
potsible  to  get  a  aolution  of  1/100,  and  thicker  layers  of  a  more 
dilate  eolation  had  to  be  employed.  In  such  cases,  for  convenience  of 
referenoe*  we  have,  in  drawing  the  carves,  plotted  25  mm.  of  a 
solnltOQ  of  1/500  as  equivalent  to  5  mm.  of  a  aolution  of  1/100. 
Szoept'  ID  the  case  of  hydraatine,  all  the  curvea  are  drawn  to  the 
same  eoale.  The  position  of  the  transmitted  portiona  of  the  spectra 
and  of  the  abeorption  band  have  been  marked  on  one  of  the  curves 
(Fig.  »,  p.  616). 

The  tables  of  measurements  from  which  the  curves  were  drawn  will 
bo  ineladed  in  the  next  report  of  the  committee  of  the  British  Associa- 
tion appointed  to  investigate  the  relation  between  the  chemical  con- 
stitution and  the  absorption  spectra  of  organic  substances. 

We  may  remark  that  it  is  difficult  by  means  of  curves  to  give  a 
proper  representation  of  the  plates,  it  being  found  impracticable  to 
repreeent  adequately  differences  of  intensity  as  well  as  extent  of 
abeorption  apon  which  the  similarity  or  difference  between  two  plates 
often  to  a  large  extent  depends^ 

By  far  the  most  satisfactory  comparison  is  that  which  is  made  by 
the  actual  inspection  of  the  photographs.  When  reasonable  care  is 
taken  to  work  under  similar  conditions,  the  results  are  remarkably 
constant.  We  have  never  discovered  any  discrepancy  between  the 
photographs  of  the  same  preparation,  even  when  taken  by  different 
operators  at  wide  intervals  of  time.  Professor  Hartley  having  worked 
with  constant  weights  and  not  with  molecular  quantities  of  the 
alkaloids,  we  have  found  it  necessary,  for  purposes  of  comparison,  to 
repeat  the  examination  of  a  few  of  the  alkaloids  which  he  had  previ- 
oosly  examined.  In  so  far  as  it  is  possible  in  such  cases  to  com- 
pare the  results,  they  show  remarkably  close  agreement. 

We  gladly  avail  ourselves  of  this  opportunity  to  express  our  thanks 
to  Professor  Hartley  for  lending  us  the  apparatus  used  in  the  spectre- 
scopio  examination  of  the  alkaloids,  as  well  as  for  much  valuable 
daring  the  course  of  the  investigation. 


UnvxBsmr  Colleob  of  Koeth  Walm, 
Bavoob. 
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LXVI. — The    Absorption    Spectra    of    Laudanine  and 

Laudanosine  in  Relation  to  their  Constitution, 

By  James  J.  Dobbie,  D.Sc,  M.A.,  and  Alexander  Lauder,  B.Sc. 

lN"the  foregoing  paper,  it  has  been  shown  that  alkaloids  which  only 
differ  from  one  another  in  minor  details  of  structure  give  similar 
spectra,  whilst  those  which  differ  widely  in  structure  give  widely 
different  spectra.  So  far,  no  case  has  yet  been  encountered  in  which 
two  substances  known  to  differsubstantially  in  structure  give  identical 
or  nearly  identical  spectra. 

This  principle  finds  an  interesting  application  in  the  case  of  laud- 
anine, C2QH25O4N,  and  laudanosine,  CjiHg^O^N,  two  rare  alkaloids 
separated  by  Hesse  (Annalen,  1870,77,  47;  Suppl.,  1872,  8,  261)  from 
opium.  These  differ  from  one  another  by  CHg,  and  since  the  former 
contains  three,  and  the  latter  four  methoxyl  groups,  it  has  been 
assumed  that  the  substances  are  homologous,  although  the  conversion 
of  laudanine  into  laudanosine  has  not  yet  been  accomplished.  If  this 
view  of  their  relation  is  correct,  they  should  give  practically  identical 
absorption  spectra,  and  this  we  have  found  to  be  actually  the  case, 
the  measurements  of  the  photographs  of  the  two  series  of  spectra 
agreeing  almost  perfectly. 

We  originally  undertook  » the  investigation  of  these  compounds 
solely  with  reference  to  their  suspected  homology,  but  we  were  at  once 
struck,  on  examining  their  spectra,  with  the  close  resemblance  subsist- 
ing between  them  and  the  spectra  of  corydaline  and  tetrahydro- 
papaverine.  The  photographs  of  the  spectra  of  corydaline  and  laudanosine 
in  particular  are  almost  indistinguishable,  and  suggest  a  very  close 
structural  relation  between  these  two  compounds.  Laudanosine 
differs  from  tetrahydropapaverine  by  CHg,  and  may  simply  be  a 
homologue  of  this  substance,  possibly  having  a  methyl  group  attached 
to  carbon  atom  4  (Fig.  1 )  in  the  preceding  paper. 

Apart  from  the  closer  resemblance  of  their  spectra,  however,  there 
is  some  ground  for  believing  that  laudanosine  is  more  nearly  related 
to  corydaline  than  to  tetrahydropapaverine.  It  differs  from  corydaline 
only  in  having  one  atom  of  carbon  less  in  its  molecule ;  the  two 
substances  cannot  therefore  be  homologous,  if  the  formulie  of  both 
have  been  correctly  determined. 

Corydaline  has  recently  been  analysed  by  numerous  investigators, 
with  concordant  results,  and  its  formula  may  be  regarded  as  well 
established.  Laudanine  and  laudanosine,  on  the  other  hand,  have 
been  but  little  examined,  and  there  is  a  possibility  that  their  formula^ 
may  not  yet  have  been  definitely  settled.  Assuming,  however,  as  we 
are  bound  to  do  for  the  present,  that  the  analyses  are  correct,  cases 
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are  known  in  which  'substances,  other  than  homologues,  which  are 
nearly  related  structurally,  show  as  close  an  agreement  between  their 
spectra  even  when  their  formulae  differ  more  widely  than  those  of 
corydaline  and  laudanosine. 

Unfortunately,  very  little  is  known  of  the  chemistry  of  laudanosine, 
but  that  little  is  entirely  in  favour  of  the  view  expressed  as  to  its 
close  relationship  with  corydaline  and  tetrahydropapaverine.  Like  those 
substances,  it  contains  four  methyl  groups,  and  yields  metahemipinic 
acid  as  one  of  its  products  of  oxidation.  It  further  resembles  cory- 
daline in  being  optically  active  and  in  the  ease  with  which,  when 
heated  with  dilute  nitric  acid,  it  undergoes  oxidation  to  a  yellow 
base.  This  substance,  which  has  not  been  analysed,  may  be  identical 
with  meconidine  (Hesse,  Annalerif  1870,  77,  47),  an  alkaloid  associated 
with  laudanosine  in  opium.  The  formula  of  meconidine,  CgiHgjO^N, 
bears  the  same  relation  to  that  of  laudanosine  that  the  formulae  of 
dehydrocorydaline  and  berberine  bear  to  those  of  corydaline  and  tetra- 
hydroberberine  respectively,  as  the  following  table  shows  : 

Colourless.  Yellow. 

Corydaline,  Dehydrocorydaline, 

C.2Ho.0,N,  CggHosO.N, 

m".  p.  135-5°  m.  p.  118— 120^ 

Tetrahydroberberine,  Berberine, 

C2oH,,0,N.  C2oH,-0,N, 

m.  p.  167°.  m.  p.  145°. 

laudanosine,  Meconidine, 

m.  p.  89°.  m.  p.  58°. 

Whether  the  yellow  substance  produced  by  the  oxidation  of  laud- 
anosine is  identical  or  not  with  meconidine,  the  mere  fact  of  the 
existence  of  a  coloured  base  in  opium  having  a  formula  differing  from 
that  of  laudanosine  by  four  atoms  of  hydrogen  lends  some  support  to 
the  view  of  the  relationship  of  these  substances  set  forth  in  this  paper, 
and  this  hypothesis  receives  some  additional  support  from  a  comparison 
of  the  melting  points  of  the  substances.  The  question,  however,  as  to 
whether  laudanosine  is  more  closely  related  to  corydaline  or  to  tetra- 
hydroberberine can  only  be  settled  by  further  chemical  investigation. 

The  point  which  we  wish  to  emphasise  is  that  it  must,  from  the 
similarity  of  its  spectra,  be  built  on  the  same  plan  as  these  two  closely 
related  compounds. 

University  Colleob  of  Koeth  Wales, 

BANCOIt. 
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A.\\l  \[.  GENERAL  MEETING, 

March  25th,  1903. 

Profettor  J.  Emsbson  Rbtnolds,  F.R.S.,  in  the  Chair. 

Thb  Pkbsidint  declared  the  ballot  open  for  the  election  of  Officers 
ind  Goaoctl  for  the  ensaing  year,  Dr.  L.  T.  Thorns  and  Dr.  K.  J.  P. 
OsTOV  being  appointed  Scrutators.  He  then  presented  the  following 
Keport  on  the  state  of  the  Society  daring  the  past  twelve  months : 

REPORT  OF  THE  COUNCIL. 

The  Council  have  the  satisfaction  of  announcing  that  the  numerical 
strength  of  the  Society  which,  on  March  26th,  1902,  was  2416,  is  now 
2471,  the  highest  number  yet  reached.  Since  the  last  Annual  General 
Meeting,  130  Fellows  have  been  elected  and  6  have  been  reinstated  by 
the  Council,  making  a  gross  total  of  2552.  Of  these,  27  have  been 
removed  for  non-payment  of  two  subscriptions,  33  have  withdrawn, 
and  21  have  died,  making  55  the  net  increase  in  the  number  of 
Fellows. 

By  the  death  of  Professor  J.  Wisliccnus,  F.R.S.,  the  number  of 
Foreign  Fellows  has  been  reduced  to  31. 


The  following  Fellows  have  withdrawn  : 


i 


A.  Abbott. 
C.  Armitage. 
W.  P.  Ashe. 
C.  R.  Blackett. 
H.  V.  Buttfield. 
A.  W.  CUyden. 
A.  H.  DowneiL 
J.  Dunn. 
L.  Ehrmann. 
G.  Evans. 
E.  I.  G.  Gill. 
VOL.   LXXXIII. 


R.  H.  C.  Gompertz. 
H,  W.  Gough. 
J.  P.  Jenkinc 
T.  Judge. 
J.  Lunt. 
W.  B.  BCeaon. 
C.  K.  Millard. 
J.  L.  NotUr. 
T.  H.  Page. 
W.  Pullinger. 
J.  C.  Quinn. 


J.  Robinson. 
W.  Russell. 
S.  P.  Satltler. 
J.  Spilsbury. 
T.  C.  Squance. 
R.  W.  St«eL 
D.  R.  Steuart. 
W.  Taylor. 
A.  Thomson. 
Rev.  W.  Watson. 
C.  W.  T.  Woods. 
U  U 
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The  following  Fellows  have  died  : 

Sir  F.  A.  Abel,  Bart.,     Dr.  J.  H.  Gladstone,     Sir   W.    C.    Roberts- 


F.R.S. 
Dr.  C.  M.  Aikman. 
F.  B.  Benger. 
C.  E.  Blackett. 
Prof.  G.  Bischof. 
Dr.  E.  Domargay. 
W.  C.  Forsyth. 
T.  E.  Gee. 


F.R.S. 
G.  Griffith. 
Prof.  J.  J.  Hummel. 
K.  Jackson. 
W.  I.  Macadam. 
J.  Moss. 
J.  Bobbins. 


Austen,       K.O.B., 

F.R.S. 
Dr.E.Schunck,F.R.S. 
J.  Sim. 

W.  H.  Stanger. 
E.  Truman. 
M.  Zingler. 


The  scientific  work  of  the  Society  during  the  past  session  abundantly 
testifies  to  its  continued  activity.  Since  the  last  Annual  General 
Meeting,  189  scientific  communications  have  been  made  to  the  Society, 
118  of  which  have  already  been  published  in  the  Transactions,  and 
abstracts  of  all  have  appeared  in  the  Proceedings. 

The  Transactions  for  1902  contain  160  memoirs  occupying  1604  pages, 
whilst  the  volume  for  the  preceding  year  contains  146  memoirs  which 
occupy  1411  pages.  In  addition,  the  volume  for  1902  contains  the 
Raoult  Memorial  Lecture. 

The  Journal  for  1902  contains  also  3854  abstracts  of  papers  pub- 
lished mainly  in  foreign  journals,  which  extend  to  1564  pages.  These 
abstracts  may  be  classified  as  follows  : — 


Part  I. 


Organic  Chemistry 


No.  of 
Pages.     Abstracts. 
852         1632 


Part  II. 

General  and  Physical  Chemistry  

Inorganic  Chemistry  

Mineralogical  Chemistry    

Physiological  Chemistry 

Chemistry  of  Vegetable  Physiology  and  Agri- 
culture   

Analytical  Chemistry 


712 


Total  in  ParU  I  and  II      1564 


164 
421 

281 
529 

2222 

3854 
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Tb«  CoQBen  dwirtt  to  offtr  the  oongratulalions  of  th«  Sooietj  to 
l^rofeMor  0.  D.  LiTeing,  P.R.S.»  and  to  Mr.  J.  O.  Hepburn,  who  this 
year  raaoh  the  Fiftieth  Anniversary  of  their  election  as  Fellows. 

The  Soeieij  has  to  lament  the  death  of  one  distinguished  Foreign 
Fellow,  Professor  J.  Wislioenus,  F.R.S.,  and  of  twenty-one  Fellows, 
amongst  whom  are  two  Past  Presidents,  Sir  F.  Abel,  Bart.,  F.R  S., 
and  Dr.  J.  H.  Gladstone,  F.RS.,  who  had  been  Fellows  for  the  long 
period  of  fifty-five  years  ;  other  notable  names  are  those  of  Sir  W.  C. 
Roberta- Austen,  K.O.B.,  F.R.a,  Professor  J.  J.  Hummel,  and  Dr.  E. 
>ohunck,  F.R.8.  Obituary  notices  of  these  will  appear  in  the 
Journal. 

The  Raoult  Memorial  Lecture  was  delivered  before  a  large  audience 
in  the  Theatre  of  the  Royal  Institution  (the  use  of  which  was  kindly 
granted  for  the  occasion  by  the  Maragers)  on  March  26th,  1903,  by 
Professor  J.  H.  van't  Hoff,  F.R.S. 

The  Council  are  glad  to  be  able  to  announce  that  Professor 
W.  H.  Perkin,  F.R.S.,  has  undertaken  to  deliver  the  Wislicenus 
^(emorial  Lecture  towards  the  end  of  the  present  year. 

The  Society,  in  conjunction  with  the  Royal  Society  and  the  other 
Scientific  Societies  having  rooms  in  Burlington  House,  arranged  for 
the  decoration  and  illumination  of  the  Building  on  the  occasion  of  the 
Coronation  of  the  King. 

The  plan  of  holding  the  Ordinary  Meetings  of  the  Society  alternately 
on  Wednesdays,  at  5.30  p.m.,  and  on  Thursdays,  at  8  p.m.,  which  was 
tried  for  the  first  time  last  session,  proved  so  satisfactory  that  the 
Council  determined  to  continue  the  practice  during  the  present 
-ession.  Both  sets  of  meetings  have  been  equally  well  attended,  and 
ihe  meetings  held  on  Wednesdays  appear,  in  particular,  to  suit  the 
convenience  of  Fellows  resident  at  a  distance  from  London. 

The  Joint  International  Committee  on  Atomic  Weights,  on  which 
the  Society  is  represented  by  Professor  Thorpe,  has  issued  its  first 
Report.  This  report,  which  includes  a  new  table  of  atomic  weights, 
has  been  printed  in  full,  both  in  the  Journal  and  the  Proceedings. 

The  Society  having  been  invited  by  the  Organising  Committee  of 
the  Fifth  International  Congress  of  Applied  Chemistry  to  cooperate 
with  other  focieties  in  this  country  in  securing  a  proper  representa- 
tion of  English  chemistry,  the  Council,  in  June  last,  appointed  a  com- 
mittee to  take  action  in   the  matter,  and   have  nominated,  as  its 

{legates  to  represent  the  society  at  the  meeting  of  the  Congress  in 

rlin  in  June  next,  the  following  Fellows :  Professor  W.  A.  Tilden, 
feeaor  W.  R.  DunsUn,  Professor  W.  H.  Perkin,  and  Dr.  A.  Scott. 

A  petition  has  been  addressed  to  the  Council  requesting  them  to 
msider  the   desirability   of  limiting  the   period   of  service  of  the 
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Honorary  Secretaries  and  of  the  Foreign  Secretary.  The  Council 
having  fully  considered  the  matter,  passed,  nem.  eon.,  a  resolution 
stating  that  whilst  the  tenure  of  oflfice  should  not  be  indefinitely 
extended,  it  was  not  expedient  to  fix  a  definite  term  of  years  to  the 
tenure  of  these  offices. 

The  rapid  growth  of  the  Library  rendered  it  imperative  that 
additional  accommodation  for  its  extension  should  be  obtained  at  once. 
This  has  been  accomplished  by  utilising  for  that  purpose  some  of  the 
rooms  of  the  basement,  and  plans  are  at  present  under  consideration 
by  which  storage  accommodation  there  for  the  less  used  books  may 
allow  of  the  normal  growth  of  the  Library  for  another  ten  or  twelve 
years  without  its  being  unduly  cramped.  This,  along  with  the 
constantly  increasing  amount  of  work  entailed  by  the  continuous 
growth  and  prosperity  of  the  Society,  rendered  necessary  the  rearrange- 
ment of  the  duties  of  the  Staff.  After  careful  consideration,  the  Council 
decided  to  separate  the  duties  of  Assistant  Secretary  from  those  of 
the  Librarian  and  Curator,  Mr.  Steele  retaining  the  latter,  whilst  Mr. 
S.  E.  Carr  has  been  appointed  Assistant  Secretary. 

A  complete  card  catalogue  of  the  Library  has  now  been  made,  and 
the  new  Catalogue,  arranged  both  according  to  authors  and  subjects, 
was  issued  at  the  beginning  of  the  present  year  at  the  price  of  half-a- 
crown.  The  Library  continues  to  be  increasingly  used  by  the  Fellows. 
925  books  were  borrowed  during  the  year  as  against  873  in  the 
previous  year.  The  additions  to  the  Library  comprised  64  books. 
338  volumes  of  periodicals,  and  23  pamphlets,  the  corresponding 
numbers  of  which  in  the  year  before  were  153,  441,  and  33  re- 
spectively.    Of  the  books,  48  have  been  presented  to  the  Society. 

Grants  amounting  in  all  to  £230  have  been  made  from  the  Research 
Fund. 

The  Council  here  desires  to  place  on  record  its  high  appreciation  of 
the  conspicuous  services  of  Professor  Dunstan,  who  now  retires  from 
the  post  of  Honorary  Secretary  which  he  has  held  with  such  advantage 
to  the  Society,  and  who,  for  the  last  ten  years,  has  given  unsparingly 
both  his  time  and  his  energy  to  the  promotion  of  its  highest  interests. 
As  one  of  the  Vice-Presidents,  the  Council  hope  to  have  him  among 
them  for  some  time  to  come. 

Another  material  change  in  the  administrative  officers  of  the  Society 
oomes  into  force  with  the  nomination  of  the  Treasurer,  Professor 
Tilden,  to  the  highest  office  in  the  Society,  that  of  President.  The 
Council  acknowledges  with  gratitude  the  skill  and  foresight  with  which, 
for  the  last  four  years,  he  has  controlled  the  finances  of  the  Society,  and 
it  is  largely  owing  to  bis  management,  as  well  as  to  the  ever  increasing 
prosperity  of  the  Society,  that  the  Council  has  been  able  to  introduce 
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•evenU  important  rofornui  and  rearrangementt.  Thasa  are  alludad  to 
elaawbtra  in  thii  raport,  and  it  is  hoped  that  they  will  greatly  increaae 
Um  waafnlneM  of  the  Society. 

Profeaaor  W.  P.  Wynne  found  it  neceasary,  to  the  great  regret  of 
tha  Oouneil,  to  resign  the  poet  of  Editor  of  the  Journal  which  he  haa 
held  fof  the  last  four  years  with  such  credit  to  the  Society,  but  kindly 
consented  to  act  as  Editor  until  the  end  of  1902,  when  he  was 
mooeaded  by  Dr.  Q.  T.  Morgan,  who,  in  addition  to  editing  the 
Joumal,  now  edits  the  Prooeedings  of  the  Society. 


REPORT  OF  THE  TREASURER. 

The  Treasurer,  in  presenting  the  balance  sheet  for  the  year,  stated 
that  the  net  income  was  £6212  5^.  Ic/.,  whilst  the  expenses  had  been 
X5384  18«.,  leaving  a  surplus  of  £827  7«.  Id.,  which  was  about  one 
hundred  pounds  less  than  the  surplus  income  in  1902.  This  was  due 
to  several  causes,  namely,  the  increase  of  nearly  £380  in  the  cost  of  the 
Journal  and  Prooeedings,  the  additions  to  the  item  of  salaries  and  wages, 
and  the  expenses  on  account  of  the  Collective  Index.  Whilst,  there- 
fore, the  present  surplus  is  satisfactory  in  that  it  exceeds  the  amount 
paid  into  the  account  in  the  form  of  compositions  and  admission  fees, 
all  these  three  forms  of  expenditure  will  still  require  careful  watching. 
Three  years  ago,  at  the  end  of  his  first  year  as  Treasurer,  he  made  an 
appeal  to  authors  of  papers  with  reference  to  the  preparation  of  copy 
for  the  printers,  and  he  could  not  help  thinking  that  in  the  near 
future  more  stringent  regulations  in  regard  both  to  the  state  of  the 
manuscript  and  the  dimensions  of  papers  would  have  to  be  imposed 
with  the  object  of  keeping  the  cost  of  printing  within  the  means  at 
the  disposal  of  the  Society.  The  Abstracts  of  foreign  and  other 
journals  are  now  indispensable,  but,  notwithstanding  the  care  exercised 
by  the  Sab-Editor,  to  whom  the  Society  is  greatly  indebted,  and  the 
very  moderate  remuneration  of  the  excellent  body  of  Abstractors,  (he 
cost  of  their  preparation  is  very  heavy. 

The  amount  which  will  appear  in  the  next  balance  &uee&  under 
the  heads  of  imlf>rifff  and  wages  will  be  somewhat  larger,  inasmuch  as 
the  inerease  will  represent  that  for  an  entire  year  instead  of  only  half 
a  year  as  on  the  present  occasion.  The  total  cost  of  the  last  two 
volumes  of  the  Ganend  lidez  was  £1740,  whilst  the  expenditure  on 
the  volume  which  is  in  course  of  preparation  has,  up  to  the  present, 
been  £204.  The  greater  part  of  the  cost  is  therefore  still  to  be  met. 
On  the  other  hand,  the  Library  Catalogue  is  now  completed,  and  for 
some  years  there  need  be  no  farther  expense  in  that  form,  although 
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additional  accommodation  for  the  books  will  have  to  be  provided  im^* 
mediately  at  an  outlay  which  will  probably  approach  £200. 

The  following  tabular  statement  contains  the  chief  items  of  income 
and  expenditure  during  the  past  four  years.  The  figures  represent 
pounds,  the  shillings  and  pence  being  omitted.  It  will  be  seen  that 
whilst  the  income  of  the  Society  is  increasing  the.  expenses  are  growing 
at  nearly  the  same  rate. 

1900.  1901.  1902.  1908. 

Compositions    110  282  168  299 

Admission  Fees  468  464  652  520 

Subscriptions  3510  3544  3712  3957 

Sale  of  Journals  781  880  835  888 

Dividends    444  464  476  506 

Net  Income      5371  5G68  5844  6212 

Assets 16710  17156  17807  18446 

Expenses 4993  4932  4913  5384 

Surplus     377  736  930  827 

The  Treasurer  recalled  with  satisfaction  the  sale  of  Consols  pre- 
viously held  by  the  Society  in  his  first  year  of  office.  A  serious  loss 
was  thus  avoided,  and,  by  the  reinvestment  of  the  proceeds,  a  slight 
addition  was  secured  to  the  income  of  the  Society. 

The  estimated  values  of  the  securities  are  all  slightly  less  than  at 
this  time  last  year,  but  the  further  investment  in  May  last  in  £1200 
of  Leeds  Corporation  Stock  now  brings  the  Assets  of  the  Society  to 
the  respectable  figure  of  £18,446  17«.  3d. 


ANKUAL  QKNERAL  MEETING. 

o  o     ^ 


5    5 


"tl'  oooooooo 
«•  oooeoooo 


<j  »» 's^ 


ooeeooooo 
oooooeooo 

0»AOQ000»AO 


oa5 


o 


CO 


d«<-<«<^-»i^<:^- 


^ 


Hi 

I 

9 


eS' 


o  —  ^  o  — 

8  iF  s  =  s;   u 
00 


!t^<a 


s  *.  »  — •■-  o  Q%.  E  a 


a  a 

II 

<22 


k"^'^ 

S^'-' 


I 


*»    :  ►. 


^i  «^-  il-s 


o 

Si 

»^ 

<• 

rH 

r^ 

00 

<o 

s 

s 

« 

w 

636 


ANNUAL  GENERAL   MEETING. 


THE  TREASURER  IN  ACCOUNT  WITH  THE  CHEMICAL 
Dr. 

£     t.  d.  £    $.  d.         £    t.   d. 

Dnlance  at  Bank,  March  22nd,  1002 2034    0  9 

„      In  hands  of  Treasurer 0    4  8 

20S4    6    0 

Transferred  from  DcpoBit  Account  (October  9th.  19J2) 600    0    0 

Uccfipts   bj  Life    Compositions,  Admission  Fees  and  Subscrip- 
tions from  March  22nd,  iy02,  to  March  21st,  1903  ;— 
Life  Co:np08ition8— 7  at  £:S0,  2  at  je20,  1  at  £15,  2  at  £12,  1  at 

£10     2<>9    0  0 

Admission  Fees 620    0  0 

1  SubHcrlption  for  1898  at  £2   2    0  0 

2  Subicriptlons  „     1899  „   £2   4    0  0 

8             „            „     1900  „   £2 6    0  0 

86             „            „     1901    ,,  £2 172    0  0 

6             „            „     1902   „   £1   „ „ 6     0  0 

689             „            „       „      „   £2  1178    0  0 

6             „            „    1903   „   £1    6    0  0 

1291            „            „       ,.      „   £2  25S2    0  0 

1             „            „    1904    „   £2  2    0  0 

4776    0    0 

Sale  of  Journals 723    3  0 

„      Proceedings  12  15  6 

„      General  Index 21     6  8 

„      Memorial  Lectures  2S  16  9          ^ 

,,      Library  Catalogue 22    7  6 

,,      Jubilee  Volume   12  0 

Proceeds  of  Advertisements  iu  Journal 79    6  3 

888  17    8 

SubscriptionfromthoSociety  of  Chemical  Industry  to  June,  1902...  8    8  0 

„  „  M  Public  Analysts  to  January  Ist,  1903        12  12    0 

„  ,,        Physical  Society  to  January  Ist,  1903 19    8    6 

40    8    « 

Repayment  of  Income  Tax 26    9    0 

Year's  Dividends  on  £6,730  Metropolitan  Board  of  Works  8J  per 

cent.  Stock 221    1    7 

,,  „  £1,050  London  and  North-Western   Railway 

Debenture  Stock    29  11    8 

„  £1,520  14«.  8d.  Cardiff  Corporation  Stock 42  15    0 

„  £1.400  India  2i  per  cent.  Stock 32  17    1 

„  £2.358  Midland  2i  per  cent.  Preference 55    6    7 

„  £2,400  Bristol  2i  per  cent  Debenture  66    6    0 

£1,200  Leeds  3  per  cent.  Stock  28    2    6 

Interest  on  Bank  Deposit  14  10    5 

606  IS  11 

6212    5    I 


JMtmattd 
Assets.  Ko/iM. 

March  2Ut,  1005.  J    «.  d. 

Balance  at  Bank  (Current  Account)    1707    0  1 

„          ,,         (on  Deposit)    1000    0  0 

,,      in  hand.i  of  Treasurer 12  0 

£0,730  Metropolitan  Board  of  Works  81  per  cent.  Stock  7133  10  0 
£1,050  Undon  and  North-Weatern  Railway  Debenture 

SUx'k  1060  10  0 

£1,520  14«.  Sd,  Cardiff  CoriK)ration  8  per  cent.  Stock...  1444  18  6 

£'2,S5H  Midland  lUilway  2^  per  coot.  Preference  1815  18  4 

XJ.4t)0lirifit<d  Corporation  2i  per cent.Debenture  Stock  1944    0  0 

Al. 400  India  24  per  cent.  Stock  1IM  18  4 

£1,200  Leeds  Cor]H)ration  8  per  o«nt  Stock 1140    0  0 

418.44C  17    8 


48T4dl0    1 
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•idMy •riiMM  ..^•.~^..^...^.«.~..«.«.«.^^«..~..^......^  888  10  0 

■  r  nUM  9timtmi^^.^^^^.^...».^...^,..^^^^...^^ ^  1988  18  0 

rnmUag  «r  Aifilwiiito  ^^..e....^^.^.... ^^^ ^  S9  17  8 

Pnatiaf  Mnmwn  >..~. ^ .^.^^ ^ 90  14  0 

Dtttrf bMte  oT Jowval  by  Prtalm  ^ ^^... 489  18  7 

K                                            ((                            OOQMVy       M«M«>mM>m>«M«Mm..«.«««W»M*«.«««*M  14      19  7 

AiittenrOopto «. ^,..^  108    0  8 

lUartiatloMtwlMiMl  ^^^^^^^^^^^^.^^^...^ ^  88    4  8 


A4i 


184    8 

60  14 

8 
11 

77  18 
11  18 

8 

0 

8678  18  6 

886    8    7 

89  18    S 

Kxptnta  on  Accounl  o/  UolUclivt  huUx  1893—1902. 
SaktlM  ^ 126  10   0 

^l4l|-  r»lK:.ti..  M M -.^  ...M....^M«.M ...M..M 12    8 

"    '      8lb«    -.-- -~~.«.-.~.-.~. ^^^^^, ...'. ~.        4  11  10 

182     4     4 

Expen$t»  on  Account  of  the  Library  Catalogue. 
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8  19    0 

60  14    8 
48    8    8 

8  16  0 
68  7  6 
80  0  0 
16    0    0 

4  17  8 
19    1    4 

1     1    8 

7  10 
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6804  18 
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The  Treasurer,  in  concluding,  proposed  a  vote  of  thanks  to  the 
Auditors,  which  was  acknowledged  by  Dr.  L.  T.  Thorne. 

Professor  Dewar  proposed  a  vote  of  thanks  to  the  Treasurer, 
Secretaries,  and  Council.  The  motion  was  seconded  by  Professor 
W.  H.  Perkin,  and  unanimously  adopted.  Professor  Dunstan  re- 
sponded. 

The  President  then  delivered  his  Address  to  the  Society,  which 
will  be  found  on  pp.  639—650. 

Dr.  Russell,  in  moving  the  adoption  of  the  report,  proposed  a  vote 
of  thanks  to  the  President,  coupled  with  a  request  that  he  would 
allow  his  address  to  be  printed  in  the  Transactions. 

Professor  Thorpe  seconded  the  motion,  which  was  carried  by  ac- 
clamation. 

After  the  President  had  returned  thanks,  the  Scrutators  presented 
their  report  to  the  President,  when  he  declared  the  following  to  have 
been  duly  elected  as  Officers  and  Council  for  the  ensuing  session  : — 

rresident:  W.  A.  Tilden,  D.Sc,  F.R.S. 

Vice-Presidents  who  have  filled  the  office  of  President :  H.  E.  Arm- 
strong, Ph.D.,  LL.D.,  F.R.S. ;  A.  Crum  Brown,  D.Sc.,  LL.D.,  F.R.S. ; 
Sir  W.  Crookes,  F.R.S.  j  James  Dewar,  M.A.,  LL.D.,  F.R.S. ;  A. 
Vernon  Harcourt,  M.A.,  D.C.L.,  F.R.S.  ;  H.  Muller,  Ph.D.,  LL.D., 
F.R.S. ;  W.  Odling,  M.A.,  M.B.,  F.R.S. ;  W.  H.  Perkin,  Ph.D.,  LL.D., 
F.R.S, ;  J.  Emerson  Reynolds,  Sc.D.,  M.D.,  F.R.S.  ;  Sir  H.  E.  Roscoe, 
LL.D.,  F.R.S. ;  W.  J.  Russell,  Ph.D.,  F.R.S.  ;  T.  E.  Thorpe,  C.B., 
LL.D.,  F.R.S. ;  A.  W.  Williamson,  LL.D.,  F.R.S. 

Vice-Pi-eBtdents  :  Wyndham  R.  Dunstan,  M.A.,  F.R.S.  j  P.  F.  Frank- 
land,  LL.D.,  F.R.S. ;  David  Howard ;  Herbert  McLeod,  F.R.S.  ; 
Raphael  Meldola,  F.R.S.  ;  H.  A.  Miers,  D.Sc,  F.R.S. 

Secretaries:  A.  Scott,  M.A.,  D.Sc.,  F.R.S. ;  W.  P.  Wynne,  D.Sc., 
F.R.S. 

Foreign  Secretary  :  Sir  W.  Ramsay,  K.C.B.,  LL.D.,  F.R.S. 

Treasurer:  Horace  T.  Brown,  LL.D.,  F.R.S. 

Other  Members  qf  Council :  J.  J.  Debbie,  M.A.,  D.Sc. ;  Augustus  £. 
Dixon,  M.D. ;  M.  0.  Forster,  Ph.D.,  D.Sc. ;  A.  Harden,  D.Sc,  Ph.D. ; 
J.  T.  Hewitt,  M.A.,  D.Sc. ;  C.  A.  Kohn,  Ph.D.,  B.Sc. ;  J.  K  Marsh, 
M.A. ;  E.  J.  Mills,  D.Sc.,  LL.D.,  F.R.S. ;  S.  U.  Pickeriufi:,  M.A., 
F.R.S. ;  S.  Ruhemann,  M.A.,  Ph.D. ;  J.  A,  Voelcker,  Ph.D. ;  James 
Walker,  D.Sc.,  F.R.S. 

The  proceedings  then  terminated. 
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PRESIDKNTIAL    ADDRESS   TO  THE  CHEMICAL  SOClEl  Y. 

Delivered  at  the  Annual  Qbnbbal  Miktino,  March  25Tii,  1903. 

By  J.  Embbson  Reynolds,  M.D.,  Sc.D.,  F.R.S. 

IntrodnetQiy— State  of  the  Society ~Re|>orU  of  Progress  in  RcscArch— Centenary 
<^f    rroMBlytkin    of   Dalton't  Atomic    Theory— Inorganic    Research— Inorganic 
omorii    Oatelyaia  and  Inorganic  Ferments. 

At  the  termination  of  this  my  second  and  last  year  of  office  as 
President,  it  is  again  my  agreeable  duty  to  congratulate  the  Fellows 
on  the  prosperity  of  the  Society.  The  number  of  Fellows  has  in- 
:«Ased  to  2471.  The  income  of  the  Society  has  reached  the  satis- 
i.ictory  total  of  £6212,  and  the  Papers  communicated  to  the  Society 
since  the  last  Anniversary  meeting  has  risen  to  189.  Without 
having  to  chronicle  any  epoch-making  discoveries  during  the  year,  it 
may  be  safely  said  that  important  progress  has  been  made  by  the 
Fellows  in  the  researches  which  have  appeared  in  our  Transactions. 

In  the  midst  of  these  causes  for  congratulations  we  must  yet  feel 
profoond  sorrow  that  death  has  been  unusually  busy  in  the  ranks  of 
oar  Society,  both  among  the  aged  and  venerable  leaders  in  science, 
and  among  the  younger  and  more  vigorous.  Sir  Frederic  Abel,  Dr. 
John  H.  Gladstone,  and  Dr.  Schunck  have  passed  away  from  among 
us  full  of  years  and  honours,  leaving  behind  them  memories  of  great 
pioneer  work  well  and  nobly  done  in  three  distinct  branches  of  our 
science.  We  have  also  to  mourn  the  loss  of  Sir  W.  C.  Roberts- 
Austen,  whose  genial  preeenoe  we  shall  sorely  miss ;  of  Mr.  Greorge 
Griffith,  whose  invaluable  services  to  science  as  Organising  Secretary 
of  the  British  Association  will  be  long  remembered,  and  of  Professor 
Hummel,  in  whom  an  important  branch  of  applied  chemistry  has  lost 
one  of  its  sdentiBc  leiders. 

The  Conndl  hope  to  pablish  suitable  obituary  notices  of  all  these 
distinguished  Fellows,  and  1  am  glad  to  be  able  to  announce  that 

»fessor  W.  H.  Perkin,  |un.,  has  kindly  undertaken  to  deliver  a 
tl    Lecture    of   our    illustrious    Foreign    Fellow,    Professor 
who  has  also  passed  away  daring  the  year. 
baT<e  much  pleasure  in  congratulating  Professor  Liveing,  F.R.S., 

id  Mr.  J.  G.  Hepburn,  LL.D.,  on  attaining  their  jubilee  as  Fellows 

the  Society. 
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Repw'U  on  Progrens  in  Research. 

On  several  occasions  of  late  years  I  have  drawn  attention  to  the 
great  need  of  reports  on  the  history  and  progress  of  special  branches 
of  research  by  experts  in  the  particular  lines  of  investigation.  With- 
out such  aids  it  is  becoming  increasingly  difficult  for  those  engaged  in 
other  directions  to  properly  appreciate  the  bearing  of  new  work  on 
the  progress  made  in  particular  departments  ;  I  have,  therefore,  special 
pleasure  in  drawing  attention  to  two  able  reports  of  the  desired 
kind  which  have  been  presented  to,  and  published  by,  the  British 
Association  for  the  Advancement  of  Science  during  the  last  year. 

Dr.  Crossley's  report  "  On  Hydroaromatic  Compounds  with  Single 
Nucleus  "  refers  to  the  most  important  memoirs  on  the  subject  with 
which  he  is  so  highly  qualified  to  deal,  and,  while  making  clear 
the  present  position  of  this  attractive  field  of  research,  it  is  no  less 
suggestive  as  to  the  direction  of  further  work.  The  new  editor  of  our 
Transactions,  Dr.  G.  T.  Morgan,  is  the  author  of  another  excellent 
report  (also  published  by  the  British  Association)  on  "  Our  present 
knowledge  of  aromatic  diazo-compounds."  So  many  of  our  Fellows 
have  taken  leading  parts  in  the  development  of  this  far-reaching  line 
of  research  that  the  adequate  treatment  of  the  subject  by  Dr.  Morgan 
has  a  special  interest  for  us. 

I  hope  that  other  topics  of  importance  may  be  similarly  treated  in 
the  future. 

Centenary  of  DalUma  Statement  qf  hie  Atomic  Thieory. 

I  need  scarcely  remind  the  Fellows  that  this  year  is  the  centenary 
of  the  announcement,  in  a  tentative  form,  of  probably  the  most  fruit- 
ful and  valuable  of  all  scientific  hypotheses — Dalton's  Atomic  Theory. 
On  the  21st  of  October,  1803,  Dalton  read  a  paper  *' On  the  Absorp-  ^ 
tion  of  Gases  by  Water  and  other  Liquids  "  before  a  select  audienoe 
of  nine  members  of  the  Literary  and  Philosophical  Society  of  Man- 
chester. He  appended  to  that  paper  a  statement  which,  according  to 
Sir  Henry  Koscoe  and  Dr.  Harden,**^  is  the  first  published  indication  of 
the  atomic  theory,  although  the  paper  wad  not  circulated  in  the  Man- 
chester Memoire  until  November,  1805.  Thus,  just  100  years  ago^ 
the  conception  of  the  discrete  nature  of  matter  was  formulated,  and 
used  to  explain  the  facts  then  known  as  to  the  constant  composition 
of  chemical  compounds,  and  the  laws  discovered  by  Dalton  as  to  their 
formation  in  definite  and  multiple  proportions.     This  germ  of   the 

*  A  If$w  Vitw  qf  the  Origin  <^  DalUnCt  Atomic  Thtcry,  Macmillan  and  0^ 
18M. 
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tnoleouUr  Umotj  of  matUr,  which  now  penradet  all  thought  in  ohom- 
istry  and  phjiioa,  aroae,  as  Nernst  trulj  aajs,  *'  by  a  single  effort  of 
modtn  seStnee,  like  a  Phcsoiz  from  the  ashes  of  the  old  Greek  philo- 
sophy."  Therefore,  phjsioisis  as  well  as  ohemiats  are  interested  in  an 
•▼eni  of  the  highest  signifieanoe  in  the  development  of  both  branches 
of  sdeoce.  I  am  gUd  to  know  that  a  special  celebration  will  shortly 
be  held  in  that  great  city  which  claims  Dalton  as  her  illustrious  son. 

Inorganic  RtmareK 

On  looking  over  the  volumes  of  our  Transactions  for  the  last  two 
years,  1901  and  1902,  I  find  that  the  number  of  memoirs  published 
were  respectively  146  and  160,  showing  a  satisfactory  increase  in 
activity  during  last  year.     Of  the  total  306  memoirs  : 

248  recorded  researches  in  Organic  Chemistry. 
24         „  „  Physical  Chemistry. 

29         „  „  Inorganic  Chemistry. 

5         „  ■„  Analytical  Chemistry. 

I  cannot  avoid  regarding  these  statistics  as  unsatisfactory  from  one 
point  of  view,  inasmuch  as  they  indicate  that  the  great  inorganic 
division  of  the  science  is  very  inadequately  represented.  Far  be  it 
from  me  to  suggest  that  there  should  be  any  diminution  of  activity  in 
organic  research,  notwithstanding  our  knowledge  of  at  least  75,000 
cnrbon  compounds,  for  many  problems  of  high  importance  still  await 
solution  in  that  division  of  the  science.  Neither  do  I  desire  the  mere 
multiplication  of  inorganic  substances,  unless  their  formation  tends  to 
a  definite  end  in  the  recognition  of  new  relations,  analogies,  or 
capacities  among  the  fifty  or  more  best  known  elements.  Rather 
what  I  plead  for  is  that  more  comprehensive  study  of  the  compounds 
of  the  elements  which  is  represented  by  the  term  "comparative 
chemistry." 

The  line  which  is  likely  to  be  of  most  interest  to  those  trained  in 
the  methods  of  organic  investigation  is  that  of  the  comparison  of  other 
elements  with  carbon  in  regard  to  their  power  of  building  up  more  or 
less  complex  molecules.  AM  polyvalent  elements  possess  this  power  in 
some  degree,  and  many  problems  as  to  the  constitution  of  compounds 
of  even  comparatively  simple  character  require  further  investigation ; 
but  there  are  few  inquiries  of  this  kind  of  greater  interest  than  those 
involving  Immtntm,  whicli  was  for  long  considered  to  be  peculiar  to 
compounds  of  carbon. 
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Inoo'ganic  Isomerism. 

Closer  study  of  the  constitution  of  compounds  of  other  elements 
than  carbon  has  gradually  brought  to  light  a  number  of  cases  of  in- 
organic isomerism.  These  are  examples,  as  clear  as  any  met  with 
in  organic  chemistry,  of  compounds  which  have  the  same  com- 
position, but  differ  in  characters  and  also  in  molecular  complexity 
or  in  structure.  The  number  of  these  cases  will  probably  be  much 
increased  as  our  knowledge  of  the  constitution  of  inorganic  compounds 
progresses.  The  existence  of  isomerism  of  the  kind  in  question  is, 
however,  either  completely  ignored  or  only  slightly  mentioned  in  the 
most  recent  and  advanced  text-books  of  inorganic  chemistry  with 
which  I  am  acquainted.  I  therefore  propose  to  occupy  a  portion  of 
the  short  time  at  my  disposal  in  bringing  together  the  principal 
examples  of  inorganic  isomerism  hitherto  met  wilh,  in  the  hope  of 
stimulating  further  investigation  in  that  direction. 

Molecular  condensation  or  polymerism  is  well  known  to  be  common 
among  inorganic  compounds,  as  in  the  familiar  examples  of  NO^  and 
NgO^,  VO2  and  V.p^,  VS2  and  VgS^,  Nb02  and  Nb^O^,  TaOj  and 
Ta^O^.  Only  in  the  cases  of  the  oxides  of  nitrogen  can  the  changes  of 
molecular  complexity  be  traced  through  changes  of  gas  density ;  in 
the  other  instances,  the  evidence  is  necessarily  indirect.  Again,  poly- 
merism is  recognisable  in  the  oxides  of  silicon,  tin,  titanium,  tungsten, 
molybdenum,  chromium,  <fec.,  but  in  these  cases  the  evidence  is  still 
less  direct  as  to  the  extent  of  molecular  condensation.  I  am  well 
aware  that  many  chemists  do  not  admit  that  polymerism  is  a  form  of 
isomerism,  and  restrict  the  latter  term  to  the  cases  of  substances  which 
have  not  only  the  same  composition  but  also  the  same  molecular 
weight ;  however,  in  attaching  so  little  importance  to  the  existence 
of  polymerism,  there  appears  to  be  a  risk  of  missing  the  recognition  of 
important  relationships.  It  must  be  remembered  that  some  carbon 
compounds  of  fundamental  importance  can  result  from  polymerisation, 
for  example,  benzene,  C^Hg,  is  a  polymeride  of  acetylene,  CjHj,  and 
can  actually  be  formed  from  the  latter  by  the  action  of  heat.  The 
many  points  of  resemblance  between  silicon  and  carbon  are  well  known, 
but  they  are  materially  modified  by  the  greater  attraction  of  silicon 
for  oxygen  than  for  hydrogen.  Now,  it  is  highly  probable,  from  con- 
siderations of  the  very  low  volatility  of  ordinary  silicon  dioxide  as  com- 
pared with  SiOl^,  and  the  high  volatility  of  carbon  dioxide  as  compared 
with  its  chloride,  that  silica  is  a  polymeride  of  SiO^ ;  and  the  frequency 
with  which  we  meet  with  Si,,  as  well  as  Si,,  Si^,  and  even  Si^  among  the 
most  probable  formuin  of  native  silicates  suggests  the  possibility  of 
some  of  them  being  derivatives  of  a  bensenoid  condensation  product  of 
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6SiOj.  I  merely  taggwt  this  in  order  to  indicate  that  inorganio  polj- 
maj  mean  much  more  than  is  commonly  suppoeed  ;  but  the 
which  I  DOW  desire  to  oonsider  briefly  are  those  of  isomerides  in 
Um  reetrioUd  tenee  of  the  term. 

Among  the  most  familiar  oasea  of  isomerism  are  the  nitrites  and 
sulphites. 

The  empirical  formula  RNO,  is  common  to  the  two  possible  isomeric 
compounds 

R-O-NO  and  RNIO^ 

Salts  of  the  Brst  type,  which  are  true  nitrites,  are  probably  those  of 
the  alkali  metals  obtained  by  neutralising  free  nitrous  acid  with 
sodium  and  other  hydroxides.  The  silver  salt  is,  on  the  contrary, 
more  of  the  imide  type,  Ag'NIO,.  The  substitution  of  an  alcohol 
radicle  for  the  metal  in  each  case  brings  out  the  distinction  between 
them  more  clearly.  The  sodium  salt  is  well  known  to  give,  with  ethyl 
alcohol  and  sulphuric  acid,  a  liquid  which  boils  at  18°,  and  comports 
itself  in  all  other  respects  as  the  ester  CjHjO'NO.  The  silver  salt, 
when  treated  with  ethyl  iodide,  gives  a  liquid  boiling  at  114°,  and 
acting  towards  alkalis  and  nascent  hydrogen  as  CjHj'NIO,.  Divers 
is  dispoeed  to  consider  all  nitrites  as  compounds  of  the  imide  type,  but 
in  view  of  the  facts  cited  it  appears  that  isomeric  metallic  nitrites  of 
both  types  exist  which  are  also  tautomeric  in  a  marked  degree. 

A  great  deal  of  most  interesting  work  has  also  been  carried  out  with 
the  apparently  dihydroxylic  sulphurous  acid  and  sulphites,  H^SOs  ^^^ 
R.SOj.  Sulphurous  acid,  or  rather  its  salts,  may  obviously  be  re- 
presented by  either  of  the  following  formulas, 

SO{OR),  or  R-SO,-OR. 

Michaelis  (Annalen,  1892,  270,  108)  considers  sulphurous  acid  to  be 

an  aldehydic  acid,  and  gives  preference  to  the  second  formula,  whiUt 

Divers  not  only  arrives  at  essentially  the  same  conclusion  in  the  course 

of  his  important  researches,  bat  does  not  consider  that  there  is  evidence 

for  the  existetioe  of  the  dihydroxylic  compound  or  its  salts.     If  the 

ssoond  or  sal  phonic  formula  be  correct,  then  two  isomeric  compounds 

of  the  formula  KXaSO,  should  exist,  and  Sch wicker  has  obtained 

them  {Ber,,  1889,  22,  1728 ;  also  Rohrig,  /.  pr.  Chmn.,  1888,  [ii],  87, 

217).     The    oompoond    Na*SO,*OK  was  produoed    by  neatralising 

Na-SO,*OU  with  potassidk  carbonate,  and  K*SO,*ONa  by  neatrali^- 

^Ing  K'SO^'OH  with  sodium  carbonate.    The   former,  when   treated 

jirith  ethyl  iodide  at   U0°,  afforded  the  compound  (Et*S0,*0K)4NaI, 

land  the  second  salt,  by  very  similar  treatment,  gave  (Et'SO^'ONa^^KI. 

proof  of  the  isomerism  of  the  two  purely  inorganic  salts  is  there- 

'fore  complete,  and  establishes  their  sulphonic  formula  and  also  of  the 
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acid  from  which  they  are  derived,  but  obviously  does  not  affect  the 
question  of  the  existence  of  the  form  S0(0R)2.  There  is,  however, 
independent  evidence  of  the  existence  of  such  substances,  as  the  true 
ester,  S0(0Et)2,  which  boils  at  161°,  is  completely  saponified  by 
alkalis,  and  the  resulting  sulphate  seems  to  be  symmetrical.  The 
sulphonate,  Et'SOg'OEt,  boils  at  213°  and  is  only  partially  saponified 
by  alkalis.  It  is  evident,  however,  that  there  is  need  for  closer 
investigation  of  metallic  sulphites  with  a  view  to  the  distinction  of 
symmetrical  compounds  from  those  of  sulphonic  structure.  Isomerism 
has  also  been  observed  between  thiosulphates  and  the  salts  of  some  of 
the  thionic  acids. 

As  might  be  anticipated,  the  acids  of  phosphorus,  owing  to  the  high 
valence  of  the  element,  afford  numerous  examples  of  isomerism,  as 
well  as  polymerism.  Phosphorous  acid,  according  to  Zimmermann 
{Ber.,  1874,7,  655)  and  Geuther  (Jew«  Zei<*cAri/]|,  [ii],  3),  is  P(0H)3; 
on  the  other  hand,  Michaelis  {Annalen,  1892,  270,  180)  considers  that 
the  constitution  of  the  acid  is  H'P0(0H)2.  Either  two  distinct 
isomeric  phosphorous  acids  exist,  or  this  is  also  a  case  of  tautomerism, 
in  any  event  requiring  further  investigation.  Hypophosphates  and 
hypophosphites  are  also  said  to  exhibit  isomerism.  But  the  most 
interesting  isomerides  are  those  described  by  Tammann  {Zeit.  physikal. 
Chem.f  1890,  6,  122)  in  his  researches  on  metaphosphates,  and  are  of 
special  interest  because  physical  methods  have  largely  aided  in  their 
recognition.  From  the  study  of  the  electrical  conductivity  and 
freezing  points  of  solutions  of  the  sodium  and  other  salts,  and  by 
examining  their  modes  of  dissociation,  he  arrives  at  the  conclusion 
that  not  only  do  MPO3,  MgPgOg,  M3P3O9,  and  MgPgOig  exist  [the  salt 
AgjNaPgOig  being  an  example  of  the  last  type],  but  also  that  five 
isomeric  sodium  salts  of  the  last  complex  acid  can  be  recognised 
through  their  mode  of  resolution  into  ions ;  their  anions  are  included 
within  brackets  in  the  following  table : 

Na,(P.O„). 
Na,(NaP,0„). 

Na,(Na.P,0,8)- 
Na,(Na3P,0,.). 
Na,(Na,P.O„). 

In  a  later  pa{>er  {J,  pr.  Chem.,  1892,  [li],  45,  417),  these  conclusions 
seem  to  be  confirmed  from  the  purely  chemical  side,  and  even  more 
complex  salts  are  described. 

In  1897,  Saban^eff  (^^r.,  1897,  30,  285)  pointed  out  the  isomerism 
of  hydroxylamine  hypophosphite,  NH^'OHyHgPO,  and  NH^H^PO,, 
supposing  this  to  be  the  first  known  case  of  such  inorganic  isomerism . 
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phiu  N'^H^,H3P0,. 

..  NH,,If,NH2P0,. 

^      -  .       .        ....  .  rNH,)„H,P,(), 

(  Hydrmiine  hydrogen  phosphite   .  ^^^^.(lliPOj).^. 

iHydr«itne  hydrogen  phosphate  N^^I^.HgPO^. 

HydrozyUmine  am'idohypophosphate . . .  N  11,011, N  If  jPO(OH),. 

{Uydrazine  hypophosphate    .  N.jU4(ir2p03)2. 

Ammonium  dimetaphosphatti ^  N  II^PO,),. 

These  are  obviously  cases  of  a  different  order  of  i<^om<  i  ..  i.om 
•o»e  of  Tammann  previously  noticed. 

Salto  of  other  poly  basic  acids,  such  as  the  bora  ten,  silicates, 
stannates,  tungstates,  molybdates,  titanates,  and.  the  still  more 
complex  silico-tungstates,  -molybdates,  -titanates,  dec.,  afford  examples 
of  isomerism  which  much  need  further  investigation,  but  it  is  useless 
to  add  to  those  already  given.  It  is  highly  improbable  that  carbon 
is  the  only  element  of  its  natural  family  which  is  capable  of  forming 
cither  simple  or  compound  *'rin£»8"  o^  atoms,  either  directly  linked 
or  with  diverse  atoms  interposed.  I  have  already  hinted  at  a  quasi- 
l>erixeDoid  character  being  recognisable  in  some  silicate?,  but  we  may 
also  look  for  it  in  elements  of  still  higher  valence.  Tungsten  and 
molybdenum  we  know  with  certainty  to  have  the  power  of  building 
up  highly  complex  molecules  by  atomic  linkage,  but  we  do  not  know 
whether  this  is  immediate  or  mediate  through  other  elements  whether 
in  "chain"  or  as  a  ring.  These  compounds  have  hitherto  been 
<^arcely  examined  from  this  broader  point  of  view,  and  would 
robably  well  repay  further  investigation. 

Among  the  apparently  simpler  compounds  of  one  of  the  elements 
just  mentioned,  namely,  molybdenum,  at  least  two  isomeric  oxy- 
chlorides  seem  to  exist  having  the  formula  Mo02Cl^  One  of  t^ese 
is  stated  to  be  obtained  by  directly  heating  molybdenum  dioxide  in 
chlorine,  and  represents  molybdic  anhydride,  MoO,,  in  which  the 
place  of  one  atom  of  oxygen  has  been  taken  by  two  of  chlorine.  The 
second  is  produced  by  breaking  down  by  heat  the  higher  oxy chloride, 
Mo^O^CIj*  ^^  presence  of  air.  This  may  be  a  polymeride,  Mo^O^CI,, 
of   the  first  compound   foro^  with  absorption   of  oxygen,  but  the 

Pof  the  isomerism  in  this  case  also  remains  to  be  determined, 
w  torn  to  a  Terj  different  class  of  inorganic  compounds  in  which 
Lsm  has  been  frequently  recognised,  namely,  that  of  the  "  metal 
lias."  Platinum,  chromium,  cobalt,  Stc.,  are  well  known  to 
complex  compounds  with  ammonia,  and  among  those  derived 
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from  platinum  we  can  recognise  at  least  two  pairs  of  ieomerides, 
namely : 

|pt<NH..NH,CI 

But  the  cobalt  compounds  of  a  similar  order  still  more  frequently 
exhibit  isomerism  between  some  praseo-  and  roseo-cobaltic  bases,  and 
Hofmann  and  Jenny  (Ber.,  1901,  34,  3855)  have  recently  recognised 
two  isomerides  in  the  cobalt-tetramine  series  which  are  both  essentially 
praseo-com  pounds. 

These  are  isomerides  of 

Co(NH3),(S03)jNH„ 

and  cannot  be  regarded  as  merely  polymorphous  forms,  as  their 
reactions  are  different,  and  they  are  not  mutually  convertible  by 
crystallisation. 

Alfred  Werner,  to  whose  long-continued  researches  on  the  cobalt 
bases  we  owe  a  very  large  amount  of  information,  has  not  only 
investigated  several  structural  isomerides,  but  has  recently  recognised 
two  groups  of  forms  which  are  chiefly  distinguished  by  physical  pro- 
perties {Ber.t  1901,  34,  1705).  These,  however,  result  from  the  re- 
placement of  ammonia  in  cobalt  diamines  by  ethylene  diamine.  Re- 
presenting the  latter  by  En  in  the  formulte,  the  following  have  been 
produced  : 

(C5oEn,Cn2)X. 

[CoEn2Cl{NO,)]X. 

[CoEdj(N0j)2]X. 

Each  of  these  exists  in  two  forms,  praseo-,  or  green,  and  "  video-" 
compounds,  and,  since  these  isomerides  do  not  show  any  difPerenoe  in 
chemical  structure,  Werner  considers  that  their  widely  different 
physical  characters  can  best  be  accounted  for  by  differences  in  the 
configuration  of  the  molecules  in  space. 

Many  other  illustrative  cases  of  isomerism  of  either  wholly  or  partly 
inorganic  compounds  might  be  cited,  but  probably  a  sufficient  number 
has  been  noticed  to  justify  the  statement  made  at  the  outset,  and  to 
indicate  that  interesting  studies  of  this  order  are  by  no  means  cod 
fined  to  carbon  compounds. 

There  is  another  direction  in  which  inorganic  and  organic  subs' 
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compare  in  a  curious  and  inUratiuig  manner — I  refer  to  oataljUo 
actiont.  Bredig  has  brought  together  a  number  of  examples  under 
Um  somewhat  sensational  title  of, 


Uis  inorganic  ferments  are  generally  the  metals,  platinum,  gold, 
silTer,  palladium,  iridium,  mercury,  dec.,  in  colloidal  metallic  "  solu- 
tions," and  he  seeks  to  trace  analogies  between  the  chemical  changes 
which  they  can  determine  and  solutions  qf  colloidal  organic  ferments, 
chiefly  of  the  ensyme  class  (**Anorganische  Fermente,"  Dr.  Georg 
Hredig,  Engelmann,  Leipzig). 

The  metallic  solutions  in  question  are  most  easily  prepared  by  form^ 
ing  an  electric  arc  under  water  between  tolerably  thick  poles  of  the 
metal,  pUtinnm,  for  example.  With  a  current  of  12  to  14  amperes  at 
100  volts,  the  metal  spatters  so  readily  that  a  dark  brown  liquid  is 
quickly  obtained  containing  about  200  milligrams  of  platinum  per  litre. 
This  psHSOfl  through  the  finest  filtering  paper  and  may  be  kept  for 
months  without  depositing  metal.  In  the  platiDum,  gold,  silver,  and 
other  solutions  obtained  in  this  manner,  the  metals  are  present  in  the 
colloidal  state,  as  they  do  not  diffuse  through  an  animal  membrane,  and 
therefore  are  in  quad-solution  as  **  hydrosols,"  to  use  Graham's  term 
for  such  liquids. 

This  state  implies  a  much  finer  degree  of  division  of  n  metal  such 
as  platinum  than  in  platinum  black  or  sponge,  and  consequently  should 
be  more  effective  in  catalysis.  Bredig  reminds  us  that  the  metals,  if 
only  in  fine  powder,  compare  with  ferments  in  bringing  about  the 
following  changes  : 

(1)  The  oxidation  of  alcohol  to  acetic  acid,  in  presence  of  air,  by 
mjfeodmrwia  aeeti  or  by  platinum  bUck. 

(2)  The  action  of  platinum,  as  well  as  some  organic  substances, 
on  oxyhydrogen  gas  is  shared  by  certain  materials  which  are  able  to 
induce  rotting  through  the  presence  of  contained  ferments. 

(3)  The  decomposition  of  calcium  formate  into  calcium  carbonate, 
carbon  dioxide,  and  hydrogen  can  be  effected,  not  only  by  certain 
bacteria,  but  also  by  finely-divided  iridium,  rhodium,  or  ruthenium. 

(4)  The  decomposition  of  dilute  solutions  of  oxalic  acid  is  brought 

(about  as  well  by  metallic  powders  or  sponge  of  platinum,  silver,  Jec, 
as  by  moulds. 
(5)  Just  as  some  kinds  of  bacteria  are  able  to  assimilate  nitrogen, 
80  can  purified  and  moist  spongy  platinum,  when  exposed  to  air,  yield 
traces  of  ammonium  nitrite. 

(6)  Certain  conferve  exert  a  redoeing  setioo  on    nitrates ;  the 

X  X  2 
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latter  are  reduced  also  by  hydrogen  in  presence  of  the  ^nely-divided 
platinum  metals. 

(7)  The  accelerated  oxidation  of  sulphur  dioxide  by  air,  in  presence 
of  platinum,  has  a  kind  of  parallel  in  the  oxidation  of  sulphur  to 
sulphates  by  certain  bacteria. 

(8)  Diastatic  phenomena,  such  as  the  inversion  of  cane  sugar, 
can  also  be  accomplished  under  the  influence  of  finely-divided 
metals. 

(9)  The  blueing  of  tincture  of  guaiacum  in  presence  of  hydrogen 
peroxide  is  effected  by  organic  ferments,  red  blood  corpuscles,  spongy 
platiuum,  finely-divided  gold,  silver,  <fec. 

(10)  Hydrogen  peroxide  is  catalysed  into  water  and  oxygen  by 
gold,  silver,  platinum,  iridium,  just  as  by  blood  fibrin,  and,  similarly, 
by  many  colloidal  organic  ferments,  for  example,  diastase,  emulsin, 
myrosin,  yeast,  pepsin,  <fec. 

In  these  cases,  the  organic  catalytic  agent  is  a  colloidal  ferment, 
precipitable  by  ammonium  sulphate,  and  very  minute  quantities  of 
enzyme  are  able  to  decompose  relatively  very  large  amounts  of 
hydrogen  peroxide ;  this  power  is  often  lost,  either  by  heating  or 
by  the  addition  of  small  quantities  of  certain  materials.  Blood 
corpuscles,  the  lymph  of  small-pox,  pus,  and  certain  toxins  also 
decompose  hydrogen  peroxide,  the  power  being  destroyed  by  heat- 
ing ;  it  is  temporarily  lost  under  the  influence  of  minute  traces  of 
hydrocyanic  acid,  but  the  ferments  recover  after  exposure  to  air  for 
some  time. 

The  author  finds  that  colloidal  solutions  of  platinum,  containing 
at  most  1  milligram  atom  of  metal  per  litre  of  water,  behave 
in  exactly  the  same  way  towards  hydrogen  peroxide  and  other  sub- 
stances as  spongy  platinum.  Thus,  iodised  starch  paste,  containing 
sulphuric  acid  and  exposed  to  air,  becomes  blue  on  the  addition 
of  the  colloidal  solution ;  guaiacum  tincture,  with  or  without  hydro- 
gen peroxide,  turns  blue;  dilute  ammonia  is  oxidised  more  rapidly 
in  presence  of  permanganate ;  chloric  acid  or  hydrogen  peroxide  more 
rapidly  bleach  indigo ;  hypochlorites  are  decomposed ;  chromous 
chloride,  according  to  Ostwald,  evolves  hydrogen;  a  10  per  cent, 
solution  of  a  nitrite,  through  which  hydrogen  is  led,  becomes  alkaline. 
Hence  the  colloidal  platinum  solution  exhibits  to  a  marked  degree 
the  same  activities  as  a  ferment,  and,  although  inorganic,  presents 
many  points  of  analogy  with  the  organic  enzymes,  which  are  colloidal 
substances  also. 

Experiments  were  conducted  by  Bredig  as  to  the  proportions  of  ■ 
hydrosol  necessary  to  effect  catalysis  of  hydrogen  peroxide ;  as  to  the 
velocity  of  its  decomposition ;   the  influence  of  concentration  of  the 
hydrosol;    the   influence  of  electrolytes  (acid,  alkali,  &c.);  and  the 
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infltMBM  of  tMnperature ;  and  the  following  interesting  nmulte  were 
obUiiMd. 

G6lloi<Ul  pUtinum  wm  shown  to  perceptibly  hasten  the  deoompoci- 
tioos  when  the  proportion  of.  metal  was  1  milligram  atom  in  70 
thousand  litres  of  water,  and  gold  acted  in  the  same  way  when  simi- 
larly dButed  with  one  thousand  litres. 

For  a  giyen  proportion  of  gold  or  platinum  colloid,  the  velocity  of 
action  rises  to  a  maximum  with  increase  of  alkali,  and  thence  dimin- 
ishes until,  in  presence  of  alkali  at  normal  strength,  it  falls  below 
that  iu  pure  water.  This  behaviour  presents  a  striking  analogy  to 
that  obeerved  by  Jacobsen  with  hydrogen  peroxide  and  organic 
ferments  ;  for  example,  emulsin,  or  the  enzymes  of  malt  and  pancreas ; 
a  similar  behaviour  has  been  observed  by  O'Sullivan  and  Thompson 
in  the  action  of  invertin  on  sugar,  in  contact  with  increasing 
amounts  of  sulphuric  acid.  It  is  also  found  that  by  increasing  the 
proportion  of  hydrosol,  the  rate  of  catalysis  accelerates  in  more  than 
I  he  corresponding  ratio. 

Electrolytes  modify  the  colloidal  condition,  and  hence  affect  the 
activity  of  the  dissolved  metal;  the  same  is  true  for  organic  fer- 
ments. 

The  speed  of  catalysis  increases  with  rise  of  temperature,  so  long 
as  the  rate  of  change  of  the  colloid  is  slower  than  that  of  the 
decomposition  which  it  causes.  Eventually,  however,  the  heating 
changes  the  colloid,  especially  in  presence  of  electrolytes,  and  thereby 
r.ipidly  diminishes  its  activity,  it  follows  that,  just  as  in  the  case  of 
•rdinary  ferments,  there  exists  a  kind  of  optimum  temperature.  This 
requires  that  the  duration  of  an  experiment  at  any  given  temper- 
ature should  be  prolonged  sufficiently  to  allow  the  heating  to  exert 
its  full  effect  on  the  colloid. 

The  analogy  between  these  inorganic  colloids  on  the  one  hand,  and 
the  organic  enzymes,  or  the  blood,  on  the  other,  is  surprisingly  marked 
in  respect  of  the  way  in  which  their  activity  becomes  inhibited,  by 
the  presence  of  certain  substances.  Thus,  the  platinum  hydrosol  is 
paralysed  so  far  as  its  catalytic  power  is  ooncerned,  and  ceases  to  have 
any  material  effect  on  hydrogen  peroxide,  or  to  produ/ce.  the  blue  colour 
with  tincture  of  guaiacum,  when  mixed  with  0*0000001  gram-mole- 
ule  of  iodine,  or  hydrogen  sulphide,  per  litre,  and  half  that  propor- 
tion of  hydrocyanic  acid  or  cyanogen  iodide.  Expressed  in  the  same 
units,  this  ''poisoning"  ft  accomplished  by  the  following  additions 
per  litre  :  of  HgCl^  0*000001  ;  of  Br,  or  NH,-OH,  0-00004 ;  of 
CjHjNH,,  0-00018 ;  of  Na^O^PH,  or  HCl,  0*0002  to  00003 ;  of 
BjOfi^or  Na^„  0*001  to  0*002  ;  and  of  HgCy,,  0O048.  In  addition, 
carbonic  oxide,  arsenic  trihydride,  carbon  disulphide,  and  arsenious 
acid  showed  marked  capacity  for  inhibition,  while  potassium  chlorate, 
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sulphuric  and  nitric  acids,  alcohol,  ether,  (be,  are  practically  inopera- 
tive. It  was  noted  that  a  platinum  hydrosol  which  had  been 
** poisoned"  by  carbonic  oxide,  and  subsequently  "recovered,"  was 
more  active  tlian  the  original  hydrosol.  These  phenomena  may,  per- 
haps, be  due  to  (1)  absorption,  whereby  at  first  the  metallic  surface 
becomes  covered,  and  therefore  rendered  inactive,  and  (2)  subsequent 
combustion  of  the  carbon  monoxide,  the  metal  now  being  left  with 
a  cleaner  surface  than  it  possessed  before  coming  into  contact  with 
the  monoxide.  Either  explanation  implies  that  the  "hydrosol"  in- 
cludes the  metal  in  an  exceptional  state  of  extension ;  but  it  is  by  no 
means  certain  that  the  metal  is  merely  in  that  condition,  and  is  not 
present  in  feeble  combination  with  the  elements  of  water. 

This  is  merely  an  outline  of  a  portion  of  a  very  interesting  thesis 
which  seems  to  be  but  little  known  in  this  country ;  but  my  chief 
reason  for  referring  to  this  work  is  that  it  carries  on  the  illustrations 
which  may  be  cited  in  support  of  the  proposition  with  which  I  began, 
namely,  that  the  broader  study  of  inorganic  chemistry,  especially  in 
the  light  of  our  knowledge  of  the  organic  division  of  the  science, 
is  well  worthy  of  much  greater  attention  than  it  has  hitherto  received. 
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Qeorqe  Griffith,  born  in  1833,  was  son  of  the  vicar  of  Llan- 
gunnor,  Carmarthenshire,  and  at  an  early  age  attracted  the  attention 
of  Bishop  Thirlwall,  who  undertook  his  education,  and  by  whom  he 
was  sent  to  Grove  House  School  in  St.  David's.  In  due  time,  Griffith 
matriculated  at  Jesus  College,  Oxford,  where,  after  taking  honours  in 
both  Classical  and  Mathematical  Moderations,  he  was  placed  alone  in 
the  First  Class  of  the  Final  Honour  School  of  Natural  Science  in  1856. 
He  was  elected  Fellow  of  our  Society  in  1859. 

For  the  next  eleven  years,  Oxford  was  his  home.  He  intended  to 
enter  the  medical  profession,  and  for  some  time  studied  at  the  Rad- 
cliffe  Infirmary,  but  gradually,  as  the  claims  of  pure  science  became 
more  pressing,  the  medical  project  faded  out.  During  these  years, 
we  find  him  lecturing  on  science  and  mathematics  for  Jesus  (College, 
teaching  in  Magdalen  College  School,  and  delivering  a  weekly  science 
lecture  at  Winchester  College.  He  also  held  the  post  of  Assistant 
to  the  Professor  of  Natural  Philosophy  (Professor  Walker),  and  was 
subsequently  appointed  Deputy  Professor. 

In  1867,  he  left  Oxford  in  response  to  a  call  from  the  headmaster  of 
Harrow  School,  and  from  this  time  until  his  death  made  Harrow  his 
home. 

Griffith's  task  wi^  no  light  one.     Systematic  science  teaching  in 
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■dMob  wia  at  that  time  ud known  in  Bogland.  He  had  to  institute 
and  orgaaiee  a  new  branch  of  ttudj,  without  laboratory  aooommodation 
and  wilhoQt  apparaioa,  in  the  faoe  of  the  indifferenoe  of  mott  of  hia 
ooUeagoee  and  the  undisguised  antipathy  of  the  boys.  For  twenty- 
six  years,  he  laboured  at  Harrow,  during  which  time  the  change  of 
attitude'  of  both  masters  and  boys  towards  scientific  study  was  so 
marked  that,  to  his  younger  colleagues,  the  stories  of  his  early  struggles 
seemed  weU>nigh  incredible. 

At  first,  Griffith  had  sole  charge  of  the  science  teachingi  and  under- 
took with  enthusiasm  the  teaching  of  chemistry,  physics,  geology,  and 
biology,  but  alter  the  completion  of  the  school  laboratories  in  1874, 
a  ooHeagne  waa  appointed  to  take  over  the  chemical  department,  and 
from  this  time  forth  Griffith  devoted  himself  almost  exclusively  to 
phyiies. 

In  1893,  he  retired  from  his  mastership,  but  continued  to  reside  in 
Harrow. 

Outside  of  Harrovian  circles,  it  is  as  Assistant  General  Secretary  of 
the  British  Association  that  Griffith  is  best  known.  His  connection 
with  the  British  Association  began  in  1860,  when  he  acted  as  local 
secretary  for  the  Oxford  meeting.  From  1863  to  1878,  he  held  the 
:  oct  of  Amstant  General  Secretary,  but  was  compelled  to  resign  owing 
:o  the  pressure  of  school  work.  In  1881,  he  was  prevailed  upon  to 
uiiKrtake  the  duties  during  a  vacancy,  and  in  1890  was  reappointed, 
and  carried  on  the  duties  of  his  office  until  the  day — almost  the  hour — 
of  his  death. 

In  his  later  years,  he  was  greatly  occupied  with  the  International 
Oatalogae  of  Scientific  Literature,  a  work  for  which  he  was  siogularly 
well  fitted  by  his  wide  scientific  and  linguistic  knowledge. 

On  liay  7th,  1902,  as  he  was  returning  by  rail  to  Harrow  from  his 
work  in  London,  he  was  seized  with  an  attack  which  ended  fatally 
before  he  could  be  conveyed  to  his  home. 

'*  Dry  light "  was  the  key-note  of  Griffith's  character.  Fastidiously 
exact  in  thought  and  diction,  he  was  ever  ready  to  do  battle  in  the 
cause  of  accuracy  against  confused  thinking  and  slipshod  speech. 
This  attitude  of  mind,  combined  with  his  encyclopaxlic  knowledge, 
made  him  a  bracing  talker,  and  one  invariably  left  his  company  with 
a  sense  of  knowledge  gained  and  haziness  dispelled. 

In  his  work  for  the  British  Association,  Griffith  showed  another 
side  of  his  nature.  Hei^  be  was  the  shrewd  man  of  business, 
tactful,  firm,  resourceful,  of  untiring  industry  and  endless  patience, 
with  an  underlying  fund  of  humour  which  was  of  no  slight  help 
among  the  difficulties  of  his  office.  B.  P.  Lasckllbs. 
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John  James  Hummel. — By  the  death  of  Professor  Hummel,  the 
art  of  dyeing  has  lost  one  of  its  most  brilliant  exponents,  for  he 
was  the  pioneer  teacher  of  this  subject,  as  well  as  an  arduous  worker 
and  scientiBc  investigator.  The  experience  acquired  in  the  works  as 
manager,  and  also  as  practical  chemist,  combined  with  his  training  in 
the  teohnical  school  at  Zurich  under  Stadeler  and  Wislicenus,  qualified 
him  for  the  work  of  initiating  the  Dyeing  Department  of  the 
Yorkshire  College,  with  which  his  name  will  always  be  associated. 

John  James  Hummel  was  of  Lancashire  birth,  being  born  in 
Clitheroe,  but  his  father  was  a  native  of  Switzerland  and  a  technical 
chemist,  who  had  occupied  positions  of  responsibility  in  dyeing  and 
printing  works  at  Elbeuf,  Paris,  and  Kouen,  and  subsequently  in  the 
printing  works  of  James  Thomson,  F.R.S.,of  Clitheroe.  The  influence 
of  Mr.  Thomson  brought  him  into  touch  with  many  eminent  scientific 
men,  and,  amongst  others,  Frederick  "  Steiner,  John  Mercer,  Walter 
Crum,  Daniel  and  Camille  Koechlin.  It  was  only  natural  that  Mr. 
Hummel  should  inherit  ability  for  scientific  pursuits,  and  that  although 
for  a  time  he  entered  business,  he  should  manifest  a  decided  taste  for 
some  branch  of  technical  chemistry. 

After  training  under  Mr.  Knecht,  B.Sc.,  and  a  short  term  in  « 
ISIanchester  oflBce,  he  studied  for  three  years  in  the  Zurich  Polytechnic, 
where  he  obtained  his  diploma.  He  subsequently  adopted  the  pro- 
fession of  his  father  by  entering  a  calico  print  works  as  chemical 
adviser.  Dr.  Crace  Calvert,  F.R.S.,  offered  him  an  assistantship  in 
the  Manchester  Koyal  Institution  Laboratory,  but  this  he  declined, 
accepting  the  post  of  chemist  in  the  print  works  of  Messrs.  James 
Black  «k  Co.,  near  Glasgow.  His  faculty  for  teaching  and  his  interest 
in  technical  education  were  first  exercised  while  with  this  firm,  for  he 
formed  a  class  in  chemical  technology,  bearing  specially  on  dyeing  and 
printing.  The  instruction  was  imparted  gratuitously,  and  not  a  few 
of  the  young  men  who  attended  the  course  attribute  their  success  in 
life  to  this  training.  Later,  he  was  manager,  first  in  a  print  works  in 
Lancashire,  and  then  for  a  firm  of  woollen  yarn  dyers  in  Scotland. 

Iq  1879,  the  Cloth  workero' Company  of  the  City  of  London  extended 
their  Departments  at  the  Yorkshire  College  by  establishing  a  School  of 
Dyeing,  and  Mr.  Hummel,  early  in  1880,  was  appointed  to  the  Pro- 
fessorship of  the.  new  Department.  His  success  as  a  teacher  was 
soon  recognised,  and  in  1885,  well-equipped  buildings  with  suitable 
lecture  room,  museum,  experimental  dyehouse,  and  laboratories  were 
erected.  Since  that  time,  students  have  been  trained  under  Professor 
Hummel  from  all  parts  of  the  United  Kingdom,  and  also  from  the 
Continent,  America,  Canada,  Japan,  and  other  countries. 

Some  four  years  ago.  Professor  Hummel  advocated  the  importance 
of  scientific  research  iq  the  chemistry  of  dyeing,  and,  as  a  result,  the 
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rwxireh  Ubonttory  und  other  ezteiuiioDs  of  th«  djeing  dep«irtin«Dt 
wwe  tquipped  and  fomudlj  opened  in  M47, 1900.  These  also  oompriee 
pattern  and  practical  dyehonsee,  so  that  the  equipment  which  Professor 
Hnmaiel  designed  and  installed  with  a  mastery  of  detail  is  unsur- 
passed bj  that  of  any  other  school  of  dyeing  in  the  world,  and  deals 
in  the  (nllest  degree  with  the  teaching  of  this  subject,  both  io  its 
purely  scientific  and  practical  aspects. 

The  commeaeement  of  this  work  aod  of  the  woollen  and  worsted 
yarn  spinmag  branches  of  the  textile  iodustries  department  have 
produced  an  e<lneational  unity  between  the  Clothworkers'  departments 
which  has  rendered  practicable  the  teaching  of  the  science  and  practice 
of  the  manufacture  of  all  kinds  of  woollen,  worsted,  and  mixed 
fabrics  to  an' extent  not  yet  possible  in  anjF  Continental  or  American 
school.  The  experiments  conducted  are  of  suob  a  nature  as  to  show 
the  influence  of  the  dyeing  processes  upon  the  nature  of  the  material, 
the  spun  yarn,  and  the  woven  fabric.  It  was  the  desire  of  Professor 
Hommel  to  perform  the  practical  dyeing  of  roaterialF,  yarns,  and 
cloth  with  the  method  and  business  accuracy  characteristio  of  actual 
works. 

As  a  lecturer  and  teacher  of  experimental  science,  the  late  Professor 
paeeeesod  natural  and  trained  ability.  Fluent  and  clear,  and  com- 
petent to  expound  every  detail  of  the  subject  under  discussion,  his 
style  was  methodical,  analytical,  and  concise.  In  his  lectures,  he  had 
recoorse  to  his  experience  in  the  works,  and  recognising  the  value  of 
iUostration  and  experiment  he  made  ample  use  o{.  digrams,  lantern 
slide^r  and  specimens.  Those  who  have  studied  under  him  have 
many  incidents  by  which  to  recall  his  kindness,  willingness  to  help 
in  a  difficulty,  and  sympathetic  encouragement  rendered  to  the  earnest 
seekers  after  knowledge. 

Mr.  Hummel  has.  made  several  valuable  contributioos  to  literature 
on  the  science  and  technology  o£.  dyeing.  His  principal  work,  **  The 
Dyeing  of  Textile  Fabrics,"  has  been  translated  into  German,  Italian, 
and  Japaneee,  and  his  articles  on  dyeing  in  the  £ncyclop<Bdia 
Briiannioa  and  in  various  scientific  and  technical  journals  are  well 
known  to  the  dyeing  industry.  In  recent  years,  his  energies  had  been 
so  absorbed  with  the  new  buildings  that  his  literary  activities  had  to 
be  curtailed,  but  there  is  reason  to  believe  that  he  was  gleaning 
information  and  making  experimental  research  which  would  have 
ultimately  been  pablishedl^ 

Thoee  who  knew  Profeseor  Hnmmel  intimately  can  never  readily 
'orget  his  uniform  thoughtfulnees,  tme  sympathy,  and  friendship. 
Ue  was  in  every  sense  devoted  to  the  task  with  which  his  life  was 
so  fully  associated,  but  this  did  not  prevent  him  from  manifesting 
enthusiasm  in  the  solution  of  the  difficulties  of  others.     He  was  highly 
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esteemed  by  his  colleagues,  by  the  textile  and  dyeing  committees,  and 
the  Clothworkers'  Company.  A  sincere  and  true  man,  he  was 
faithful  to  duty,  and  lived  for  the  high  purpose  of  extending  scientific 
knowledge  and  for  the  exercise  of  influences  which  would  better 
humanity.  In  the  Dyeing  Department  of  the  Yorkshire  College, 
which  his  endeavour  has  organised,  there  exists  a  memorial  of  industry 
and  of  lasting  service  rendered  to  the  science  and  art  of  dyeing. 

R.  U.  Hummel. 


Sir  William  Chandler  Roberts-Austen  was  born  in  March,  1843. 
His  father,  Mr.  George  Roberts,  was  of  Welsh  descent,  whilst  he  was 
connected  on  his  mother's  side  with  the  Kentish  families  of  Chandler 
and  Austen.  He  assumed  the  name  of  Austen  in  1885  at  the  request 
of  his  uncle,  Major  Austen,  J.P.,  of  Haffenden  and  Camborne,  in 
Kent.  From  1861  to  1865,  he  studied  at  the  Royal  School  of  Mines, 
taking  the  Associateship  in  Metallurgy  in  the  latter  year.  Shortly 
afterwards,  he  entered  the  Mint,  and  continued  his  connection  with  it 
during  the  whole  of  the  remaining  thirty-seven  years  of  his  life.  He 
acted  at  first  as  private  assistant  to  Professor  Graham,  then  Master 
of  the  Mint,  and  was  employed  on  the  researches  in  physical  chemistry, 
which  continued  to  occupy  Graham  until  his  death  in  1869.  In  1870, 
Sir  William  Roberts- Austen  was  appointed  Chemist  of  the  Mint  on 
the  creation  of  that  post,  and  in  1871,  on  the  abolition  of  the  non- 
resident assayershipp,  the  Assay  OflBce  for  the  verification  of  the 
standard  of  fineness  of  coinage  bars  and  of  finished  coin  was  re- 
established, after  having  been  in  abeyance  since  1851,  and  was  placed 
under  his  direction.  In  1882,  he  was  also  entrusted  with  the  duties 
formerly  performed  by  the  King's  Assay  Master,  including  the  ti'ial 
of  the  diets  of  the  ofiices  for  hall-marking  gold  and  silver  wares  at 
Birmingham,  Sheffield,  and  Chester.  During  the  time  that  he  held 
office  he  became  responsible  for  the  standard  fineness  of  about 
£150,000,000  of  gold  coin,  over  £30,000,000  of  imperial  silver  coin, 
and  about  £10,000,000  of  bronze  and  Colonial  silver  coin.  In  June, 
1902,  on  the  death  of  Sir  Horace  Seymour,  the  late  Deputy  Master  of 
the  Mint,  Sir  William  Roberts- Austen  was  appointed  Deputy  Master 
ad  tn/enm,  and,  in  spite  of  the  progress  of  his  malady,  from  which 
he  had  suffered  for  some  months,  he  continued  to  direct  the  operations 
of  the  Mint  until  a  few  days  before  his  death,  which  occurred  on 
November  32nd. 

The  scientific  researches  of  Sir  William  Roberts-Austen  were 
mainly  directed  to  the  investigation  of  the  properties  of  metals  and 
alloys,  and  during  the  last  few  years  he  has  been  one  of  the  most 
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lUiliafaitliad  of  the  band  of  worktn  by  whom  the  new  branch  of 
•citDeo,  **  MtUdlogrmphy,"  has  been  developed. 

The  6rti  problem  of  importance  which  be  attacked  was  the  cause 
of  the  well-known  Mgregation  in  the  alloys  of  silver  and  copper,  by 
whieh  the  two  metals  become  unevenly  distributed  in  solid  ingots. 
The  paper  describing  his  results  was  published  in  1875.  For  the 
next  few  years  he  occupied  himself  in  determining  a  number  of  the 
physical  constants  of  metals,  and  in  attempts  fO  improve  the  methods 
of  asMying,  applying  the  spectroscope,  in  conjunction  with  Sir 
J.  Norman  Lockyer,  and  using  the  induction  balance,  in  collabora- 
tion with  Prof.  Hughes.  In  1888,  he  published  the  results  of  an 
elaborate  research  on  the  effects  of  traces  of  impurities  on  the 
properties  of  pure  metals,  and  succeeded  in  showing  that 
rete  generally  proportional  to  the  atomic  volumes  of  the 
elements,  and  in  this  way  connected  with  the  Periodic  Law.  The 
lireet  result  of  this  research,  and  of  his  contributions  to  the  study  of 
I  he  hardening  and  tempering  of  steel,  was  the  establishment  of  the 
Alloys  Research  Committee  of  the  Mechanical  Engineers.  This  Com- 
mittee supplied  the  financial  support  necessary  for  the  pursuit  of  such 
work,  and  the  results  were  in  the  highest  degree  encouraging  to  those 
who  were  so  generously  endowing  science.  Five  successive  Reports 
were  issued  embodying  the  work  done  by  Sir  William  Roberts- Austen, 
and  a  final  report,  unfinished,  awaits  publication.  The  first,  sub- 
mitted in  1891,  contained  a  description  of  the  recording  pyrometer, 
an  improved  form  of  the  Le  Chatelier  pyrometer*  by  which  the 
temperature  of  furnaces  or  masses  of  metal  and  the  exact  time  at 
which  each  change  in  temperature  occurs  are  recorded  in  the  form 
of  a  carve  traced  on  a  moving  photographic  plate.  This  instrument 
has  proved  to  be  a  powerful  weapon  of  research,  and  is  also  widely 
used  in  the  industries.  In  the  second  report,  issued  in  1893,  the 
effects  of  arsenie,  antimony,  and  bismuth  on  copper  were  discussed, 
and  the  thermal  behaviour  of  chromium-steel  was  described.  The 
third  report  dealt  with  electric  welding  and  with  the  alloys  of  iron  and 
aluminium.  The  fourth  report,  of  1897,  contained  the  results  of  a 
beautiful  series  of  experiments  on  the  diffusion  of  metals  in  each  other 
which  had  formed  the  material  of  the  Bakerian  lecture  of  the  Royal 
Society  delivered  in  1896.  The  lead-tin,  copper-zinc,  and  copper-lead 
series  of  alloys  were  also  discussed.  Finally,  in  the  report  issued  in 
1899,  carburised  iron  was^ealt  with,  and  the  treatment  of  steel  rails 
considered  from  various  points  of  view.     The  sixth  report,  not  yet 

F: ^^  ^  oooosmed  with  the  thermal  treatment  of  steel  and  its  effects 
le  miofeeUuctare  and  other  physiBal  properties  of  the  metal,  and  an 
ndix  on  the  microscopic  structure  of  the  alloys  of  copper  and  tin 
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All   these  reports  have  proved   to  be  of    the  highest   scientific  and 
practical  value. 

Among  other  researches,  the  results  of  which  were  published  during 
this  period,  there  may  be  mentioned  those  on  the  carburisation  of 
iron  by  the  diamond  ;  on  the  action  of  projectiles  and  of  explosives  on 
gun  tubes ;  on  the  diffusion  of  carbon  in  iron  ;  on  the  diffusion  of 
gold  in  solid  lead ;  and  on  the  gold-aluminium  series  of  alloys.  In 
the  course  of  the  last-named  work,  he  discovered  the  purple  alloy, 
AuAlg,  which  is  associated  with  his  name. 

Sir  William  Roberts-Austen's  activities  were  by  no  means  confined 
to  his  scientific  researches  and  to  his  ordinary  official  duties. 
In  1880,  he  succeeded  Dr.  Percy  as  Professor  of  Metallurgy  at  the 
Royal  School  of  Mines,  and  alike  in  his  Introductory  Lecture  and  in 
his  subsequent  thoughtfully  framed  and  brilliantly  delivered  courses  of 
lectures  he  showed  how  much  he  had  the  interests  of  his  old  school 
at  heart.  The  students  whom  he  has  trained  are  grateful  to  him  for 
the  stimulating  influence  of  his  teaching  and  for  the  many  proofs  he 
gave  of  the  kindly  feeling  with  which  he  regarded  them.  His 
Introduction  to  tlie  Study  of  Metallurgy,  now  in  its  fifth  edition, 
embodies  the  substance  of  his  preliminary  course  of  lectures,  and 
remains  as  a  token  of  the  importance  he  attached  to  the  formation  of 
a  substantial  foundation  of  scientific  principles  on  which  to  base  the 
mass  pi  details  required  by  metallurgists  in  their  practical  work. 

As  a  public  lecturer.  Sir  William  Roberts- Austen  was  completely  in 
his  element.  His  five  courses  of  Cantor  Lectures  on  Metals  and 
Alloys  at  the  Society  of  Arts,  his  Friday  evening  discourses  at  the 
Royal  Institution,  his  lectures  at  the  British  Association,  and  the 
James  Forrest  Lecture  to  the  Civil  Engineers,  all  copiously  illustrated 
with  remarkable  experiments,  testified  to  his  marvellous  powers  of 
gaining  the  attention  of  an  audience  and  of  holding  it  interested  and 
delighted  to  the  end.  His  two  Presidential  addresses  to  the  Iron  lAid 
Steel  .Institute,  in  which  the  work  of  his  predecessors  and  of  the 
French  metallurgists  was  eulogised,  were  scholarly  in  style  and  com- 
prehensive in  treatment.  All  his  lectures  and  addresses  were,  indeed 
finished  works  of  art,  on  which  he  spent  no  small  pains  in  the  deter- 
minatipn^to  make  them  as  perfect  in  form  as  they  were  in  subjeot 
matter. 

Sir  William  Roberts-Austen  served  on  several  departmental  and 
other  committees.  He  was  a  member  of  the  Executive  Committee  of 
the  Inventions  Exhibition  in  1.885,  of  the  Council  of  the  British 
Section  of  the  Paris  Exhibition  in  1889,  and  of  the  Royal  Commission 
for  the  Chicago  Exhibition  in  1893.  He  served  as  Chairman  of  the 
Inland  Revenue  and  Customs  laboratories  Committee  in  1893,  and  a 
a  member  of  the  Periyar  Irrigation  Committee  in  1893,  of  the  Board 
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of  Trmd«  (VmmittM  on  th«  DeterioratioD  of  Stoel  Rail*  in  1896,  and 
of  the  National  rhysical  Laboratory  Committee  in  1807.  During  the 
last  two  yearst  of  his  life,  he  was  a  member  of  the  Ezplodvee  Com- 
mittee of  the  Admiralty  and  War  Office,  and  devoted  much  time  and 
thoQgbt  to  its  aernoe  at  a  time  when  his  arduous  labours  in  other 
diraelioiiB  wwt  beginning  to  tell  on  his  strength,  and  his  failing 
health  seemed  to  counsel  him  to  seek  some  rei  ose. 

He  was  made  a  C.R  in  1890,  and  a  K.C.B.  in  1899.  He  was  also 
a  Chevalier  of  the  Legion  d'Honneur,  and  received  the  degree  of 
Doctor  from  Durham  and  V^ictoria  Universities.  He  was  elected  into 
the.  Royal  Society  in  1875.  He  became  a  Fellow  of  the  Chemical 
Society  in  1866,  served  on  the  Council  from  1879  to  1881,  and  was  a  Vice- 
President  from  1895  to  1898.  He  was  also  a  Vice-President  of  the 
Physical  Society,  of  which  he  was  one  of  the  founders.  President  of 
the  Iron  and  Steel  Institute  from  1899  to  1900,  General  Secretary  of  the 
British  Association  from  1897  to  1902,  Vice-President  of  the  Insti- 
tution of  Mining  and  Metallurgy,  Member  of  Council  of  the  Society 
of  Arts,  and  Honorary  Member  of  the  Institution  of  Civil  Engineers, 
f  the  Soci^t^  des  Ingenieurs  Civils  de  France,  of  the  Institution  of 
•  lechanical  Engineers,  and  of  the  American  Institution  of  Mining 
Hngineen. 

He  possessed  a  charm  of  manner  and  a  knowledge  of  men  which 
ensured  his  popularity  among  a  large  circle  of  friends. 

His  kindly,  considerate,  and  deeply  religious  nature  made  him  an 
excellent  neighbour  at  Chilwortb,  in  Surrey,  where  he  had  built  him- 
self a  beautiful  cottage  on  a  breezy  heath.  He  was  never  tired  of 
interesiing  himself  in  the  welfare  of  the  poorer  inhabitants  of  the 
district.  He  was  chiefly  responsible  for  the  erection  of  a  chapel  of 
ease  in  the  hamlet  of  Chilwortb,  where  previously  there  had  been  no 
place  of  worship,  and,  acting  under  a  license  from  the  Bishop  of 
Winchester,  frec^uently  officiated  at  the  services  himself.  He  person- 
ally undertook  the  direction  of  the  decoration  of  the  interior  of  the 
chapel,  and  the  beautiful  mural  paintings  with  which  it  is  embellished 
remain  as  a  monument  to  his  artistic  perceptions  and  generous 
instincts.  T.  K.  Ross. 
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LXVII. — The   Absorption   Spectra  of  Nitric   Acid   in 
Various  States  of  Concentration, 

By  Walter  Noel  Hartley,  D.Sc.,  F.R.S. 

In  the  commuDication  entitled  ''  The  Absorption  Spectra  of  Metallic 
Nitrates,  Part  II "  (this  vol.,  p.  221),  attention  was  directed  to  the  fact 
that  nitric  acid  of  sp.  gr.  1'431  in  a  thickness  of  2  mm.  transmitted  a 
longer  spectrum  than  the  same  quantity  of  acid  diluted  to  about 
36  times  its  volume  when  examined  in  columns  100  mm.  in  length. 

The  experiments  were  varied  and  repeated,  fresh  measurements 
were  made  and  controlled,  but  always  with  substantially  the  same 
results.  The  acid  examined  was  taken  from  a  full  Winchester  quart 
of  the  purest  nitric  acid  specially  prepared  for  use  in  gold  and  silver 
assays ;  it  was  colourless  and  free  from  nitrous  and  sulphuric  acids. 
Any  trace  of  chlorine  it  contained  was  less  than  1  in  10  million  parts 
of  the  acid.  In  applying  the  tests,  quantities  of  100  c.c.  were  suit- 
ably diluted  and,  when  necessary,  also  neutralised  with  pure  ammonia. 
A  portion  of  the  original  acid  which  was  concentrated  by  distillation 
with  Nordhausen  sulphuric  acid  yielded  a  distillate  having  a  very  pale 
yellow  tinge,  with  a  sp.  gr.  1'490  ;  this  product  was  quite  free  from  sul- 
phuric acid  and  chlorine,  but  on  diluting  with  water  the  small  quantity 
of  dissolved  NjO^  present  yielded  nitrous  acid.  The  actual  amount  de- 
termined with  m-phenylenediamine  and  a  standard  solution  of  nitrous 
acid  prepared  from  silver  nitrate  was  found  to  be  equivalent  to  5*7 
parts  of  NjO^  per  10,000  of  nitric  acid.  To  ascertain  whether  a  thick- 
ness of  3  mm.  of  nitric  acid  of  sp.  gr.  1'490  contained  sufficient  nitric 
peroxide  to  affect  the  transmission  of  the  ultra-violet  rays,  a  quantity 
of  this  gas  equivalent  to  that  contained  in  the  acid  was  dissolved  in 
carbon  tetrachloride  and  its  spectrum  photographed  in  a  cell  3  mm. 
thick.  It  was  found  that  the  rays  transmitted  by  nitric  acid  were 
not  affected  in  the  slightest  degree  by  the  solution  of  N^O^  in  carbon 
tetrachloride,  since  the  N^O^  caused  feeble  absorption  between  ^/X  3300 
and  3800,  and  nitric  acid  transmitted  nothing  beyond  3079. 

The  following  is  a  tabulated  statement  of  the  spectra  transmitted 
through  3  mm.  of  the  liquid  at  various  dilutions,  containing  1*2  c.c. 
of  the  acid,  and  an  additional  table  showing  the  effect  of  diluting 
1*2  c.c.  of  the  acid  to  18  c.c.  with  distilled  water,  and  examining  it 
through  a  column  of  50  mm.  The  specific  gravities  of  the  acids  were 
accurately  determined  with  Westphal's  balance  at  15°.  The  corre- 
sponding composition  of  each  of  the  acids  was  taken  from  Lunge  and 
Key's  tables.  The  diagram  also  shows  at  a  glance  the  difference 
between  the  spectra  transmitted  by  the  strong  and  the  diluted  acid:*, 


NITRIC  ACID  m  VARIOUS  8TATBR  OF  C0NCKNTRATI05.     669 


A  son 


III  1^    I     I 


5      t  e 


t 

«8 


o  — 


^•oooo  0000  o  o  t^       -^eooi^ 

^ose»oekOiooo      ocioo 

;>e^  ^.  ^  r~,  ^  r^  ^-  ^,         <^,  «,  ^  ^ 


COt^rH  d  00  CI 

<«  to  •<«  Ok  94  CO 


<0  CO  ^  C4 

00  <«<  1^  CO 

CI 


8     ^22  I   I   I 


I  i  I 


H 


•8 


og 

=1 


•^'M  «oe9«900flOoo*3      ooeoeoeo 


I        r^-*eocieo~^r>.— 
eoeoo<i-«»^r^»-«»— 


«p  to  00  «0  Ok  1^  00  eo  I  I  I  I 
Ok oa  Ok  00  flft*^ MO  I  I  I  I 
00  r«  «  «  2f '^  00  d 


.     .  ociOf^Okoor^r^       ci0C4t>. 

-J  ak00C«O09«DO04        occ<ooc« 


i  :| 


1 

1 

1 

^  ^  ^  oo  _ 

.^177^1 

a 
o 

! 

•< 

3157  to  3662 
3157  ..  3537 
3157  „  3507 
3193  „  3507 

S 

is 

1 

2 

■a 

5 
S 
•§ 

i 

e 
e 

1 

to* 

^: 

t^  t»  t»  CO  o 

^  ^  ^  ^  r^  a» 
i-oo  ooooooco 

5  :  =  :  : 

1^^  .^  ^  lO 
<  O  r-i  •-*  t-^  V4 

:>oo*9ooeoe9 

o     •>    •    .    . 

558555 

6G0 


HARTLEY  :  THE  ABSORFriON   8PECTRA  OK 


through  3  mm.  and  50  mm.  respectively,  the  actual  quantity  of  nitric 
acid  being  the  same  in  each  experiment.  The  dilution  is  effected  with 
15  volumes  of  water  in  each  case : 

N'Uric  Acid  Diluted  and  Examined  through  a  Thicknets  of  50  mm. 


Ratio 
HNO3  :  HjO. 


Spectrum  continuous 


Extension  weak 


Va 

Va 

21 

to  2939 

to  2983 

28 

„  2939 

„  2983  - 

35 

„  2939 

,,  2983 

42 

„  2983 

— 

49 

„  2983 

„  3002 

Scale  of  oscillation-frequcneiet. 
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It  will  bo  observed  that  there  are  marked  changes  in  tho  spectra 
photographed  through  3  mm.  of  acid  when  the  ratio  of  HNOjt  Kfi  is 
as  3  : 1,  3 :  4,  2  : 3,  and  1 :  2,  but  in  solutions  more  dilute  than  that 
indicated  by  the  last  of  these  ratios,  the  spectrum  transmitted  by 
3  mm.  of  the  strong  acid  is  practically  the  same  for  acids  of  different 
specific  gravities,  and  in  tho  dilute  solutions  of  these  acids  a  shorter 
spectrum  is  transmitted  until  the  ratio  1  :  14  is  attained.  Thereabout8, 
the  strong  and  the  dilute  acids  transmit  almost  the  same  spectrum, 
but  beyond  this  point  a  thickness  of  3  mm.  of  the  dilute  acid  shows 
a  more  regular  variation  and  exhibits  a  very  definite  absorption  band. 
The  general  absorption,  in  nearly  every  case,  is  cut  off  with  remark- 
able abruptness,  that  is  to  say,  without  any  gradual  weakening  of  the 
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spaetram.  Acid  of  higher  speetfio  gravity  than  1*490  hat  not  been 
•xaminad,  beoaoM  thw  are  praotieal  difficulties  to  contend  against, 
which  up  to  the  present  hare  not  been  satisfactorily  overcome.  As 
Velej  and  Manley  have  shown  {Phil,  Trant,,  1898,  101,  365),  a  pare 
and  of  the  formula  UNO,  is  difficult  to  obtain  ;  it  absorbs  water  with 
the  avidity  of  oil  of  vitriol,  besides  which,  as  is  well  known,  it  is 
decomposed  by  heat  and  light.  It  exudes  from  the  quartz  cells  during 
examination,  and  from  the  corrosive  nature  of  both  the  liquid  and  its 
vapour  it  is  not  easily  manipulated.  Near  to  those  points  where 
"^'elej  and  Manley  (Proe,  Boy.  Soc^  1901, 69,  86)  noticed  very  marked 

lysical  differences  in  solutions  of  nitric  acid,  it  is  found  that  the 
anges  in  the  absorption  spectra  occur  where  the  ratio  of  acid  to 
\vater  is  as  S  :  1 ,  3:4,  and  as  2  :  3. 

The  greatest  change  on  dilution  is  seen  with  the  solution  of  sp.  gr. 
I  490  containing  89*6  per  cent,  acid  (3  mols.  HNOjil  mol.  H,0). 
Here  the  spectrum  is  the  shortest  and  dilution  lengthens  it.  With 
the  next  acid  of  sp.  gr.  1*432  or  72*57  per  cent.  (3  mols. 
HNO3  *  ^  mols.  H,0),  the  transmitted  spectrum  is  longer  than  that 
nf  any  of  the  six  succeeding  weaker  acid?,  and  the  effect  of  dilu- 

: on  is  strikingly  the  reverse  of  that  in  the  preceding  case,  since  it 

^ortens  the  spectrum.     With  acid  of  sp.  gr.  1*420  or  69*80  per  cent. 

J  mols.  UNO,  :  3  mols.  U^O)  a  slightly  shorter  spectrum  is  trans- 
mitted, which  is  still  further  shortened  by  dilution.  From  this  point, 
onwards,  until  the  acid  is  diluted  with  14  molecules  of  water,  tho 
sp.  gr.  being  1127  (20*31  per  cent.  HNO,),  the  spectra  transmitted 

re  practically  the  same,  but  the  diluted  acids  transmit  spectra  which, 
cUthough  shorter,  increase  in  length.  The  increase  is  not  gradual,  and, 
finally,  the  acid  with  14  molecules  of  water  transmits  through  3  mm. 
almost  the  same  length  of  spectrum  as  that  with  232  molecules  through 
50  mm.  There  cannot  be  a  doubt  but  that  dilution  alters  the  con- 
stitution of  nitric  acid  of  sp.  gr.  1*432,  and  that  the  effect  of  diluting 
silver  nitrate  solution  is  the  opposite  of  that  observed  with  nitric  acid 
(Trans.,  1902,  81,  572).  With  many  salU  there  is  no  difference  in 
their  spectra,  whether  the  same  quantity  of  material  is  observed  in 
a  small  thickness  of  a  strong  solution  or  in  a  great  thickness  of  a 
dilute  one.  It  is  obvious  that  the  water  does  not  act  simply  as 
a  diluent,  for  if  it  did  dilution  would  cause  an  increase  in  length  of 
the  transmitted  spectra,  which  would  be  proportional  to  the  quantity 
of  water  present.  There  i#  evidently  some  chemical  action  between 
the  water  and  the  acid,  but  this  action  with  acid  of  sp.  gr.  1*490 
is  different  from  thai  with  acid  of  sp.  gr.  1*432  or  any  less 
concentrated  solution.  The  remarkable  extent  to  which  the  spectrum 
is  absorbed  by  nitric  acid  of  sp.  gr.  1*490  is  another  instance 
of  the  general  effect  observed  in  a  large  number  of  cases  where  the 
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quantity  of  oxygen  in  the  molecule  of  a  substance  is  increased,  or 
where  a  substance  is  polymerised.  In  other  words,  the  spectrum 
affords  evidence  that  in  all  probability  the  acid  is  more  or  less  of  the 
nature  of  ?i(HN03),  or  of  N205,H20.  There  is  at  present  no  evidence 
to  show  whether  the  acid  might  be  more  correctly  represented  as  a 
mixture  of  molecules  thus :  HgNgO^,  +  HNO3  +  HgO,  or  as  one  com- 
pound H3]Sr309,H20. 
.    Dilution  of   the  acids,  which  range  from  sp.  gr.   1*432   to  1'127 

or    within     the     limits     3HNO3  :  4H2O HNO3  :  I4H2O,     causes 

apparently  an  increase  of  weight  in  the  molecule,  such  as  would  occur 
with  the  formation  of  hydrates  if  no  other  change  were  possible,  and 
this  is  in  accordance  with  the  evidence  afforded  by  Veley  and  Manley's 
examination  of  other  physical  properties  of  these  dilute  acids,  namely, 
(1)  the  electric  conductivity,  (2)  electric  temperature  coefficients, 
(3)  the  refractive  indices,  and  (4)  contraction  of  volume  on  dilution.  It 
may  be  worth  while  recording  that  the  five  acids  of  greatest  concen- 
tration, commencing  with  that  containing  89 "6  per  cent,  of  HNO3, 
may  be  formulated  by  assuming  the  existence  of  orthonitric  acid 
and  several  hydrates,  thus:  (1)  H2N206,H3N04,  (2)  SHgNO^.HgO, 
(3)  2H3NO„H20,  (4)  HgNO^HaO,  (5)  H3NO„2H20. 


JSome  Chemical  Properties  of  Strong  Nitric  Acid. 

In  the  formulae  suggested,  I  have  assumed  the  existence  of  ortho- 
nitric  acid,  HgNO^,  firstly,  because  W.  H.  Perkin,  sen.,  found  the 
magnetic  rotation  of  nitric  acid  containing  66*74  per  cent,  of  HNO3 
to  be  considerably  less  than  that  given  by  HO*N02  +  2*67  mols.  of 
HgO,  and  therefore  the  combination  formed  had  a  constitution  in 
which  there  were  not  fewer  than  two  hydroxyls  ;  for  this,  the  calcu- 
lated rotation  would  be  about  1*930.  The  actual  number  found, 
however,  was  1*986.  This  might  result  from  such  a  combination 
as  H8NO^,2H20. 

The  existence  of  (H0)3N:0  is  regarded  by  Perkin  as  not  improbable, 
inasmuch  as  we  have  the  analogous  acid  (H0)3P:0,  and  several 
nitrates  corresponding  thereto,  as  for  instance,  lIg"3NjOg,  Cu''8N20g, 
and  Pb^'gNj^Og.  Nitrates  of  the  alkali  metals  similar  to  the  ortho- 
phosphates  are,  however,  unknown  (Trans.,  1889,  56,  680 ;  also  1893, 
63,  57). 

Secondly,  Pickering  isolated  an  acid  in  crystals  with  the  com* 
position  HgNO^,  containing  77*9  per  cent,  of  IINO3,  whilst  the 
theoretical  number  is  78*02  per  cent. 

The  trihydrate,  containing  53*85  per  cent,  of  HNOg,  was  also 
isolated,  and  gavOi  after  two  crystallisations,  a  substance  containing 
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5405  per  cent,  of  HNO,.  This  may  be  formulated  as  H8N04,2HjO 
(Tmns.,  1893,  63.  486). 

If  the  acid  of  8p.  gr.  1*49  contaiDS  two  different! j  constituted 
molecules,  they  might  exhibit  different  chemical  properties ;  and  the 
electric  conductivities  measured  by  Veley  and  Manley  {Phil.  Trans. y 
1898,  191,  365)  support  this  view.  For  instance,  the  specific  re- 
sistance p  of  nitric  acid  at  15°  increases  enormously  and  with  great 
rapidity  from  an  acid  solution  of  80  to  one  of  96  per  cent.  HNOg,  at 
which  point  a  sudden  reversal  occurs.  Below  the  inferior  limit  there 
i-i  a  slow  increase  of  resistance  from  33  per  cent,  up  to  about  70  per 
cent.,  from  which  point  the  augmentation  is  more  rapid.  At  78*02 
per  cent,  the  acid  has  the  composition  HNOgjHjO  or  H3NO4. 

Veley  and  Manley  state  that  acid  of  99*975  per  cent,  concentration 
has  no  action  on  several  of  those  metals  most  easily  attacked  by  dilute 
icids.  It  has,  on  the  other  hand,  the  highest  possible  efficiency  in  the 
two  chemical  effects  of  nitration,  and  oxidation  of  sulphur  and 
sulphides.  It  has  no  action  on  finely  powdered  calcite  or  marble  even 
if  it  is  boiled  with  these  substances. 

The  acid  obtained  by  me  of  approximately  89*6  per  cent,  concentra- 
tion may  be  regarded  as  a  mixture  of  HgNgOg  with  HgNO^.  In  such 
a  case,  oxides,  carbonates,  and  metals  might  be  expected  to  react  with 
the  H3NO4  molecule,  but  not  with  the  HgNgOg,  which  corresponds 
with  Veley  and  Manley's  acid.  In  this  mixture,  HgNgO^  being 
inactive,  would  probably  act  as  a   diluent  of   the   orthonitric   acid, 

To  ascertain  how  far  this  might  be  correct,  the  following  experi- 
ments were  made  :  pieces  of  sodium  carbonate,  dehydrated  by  partial 
fusion,  also  magnesite,  calcite,  marble,  strontianite,  and  witherite 
weighing  from  about  0*6  to  1*0  gram,  were  placed  in  beakers  with 
10  c.c.  (about  14*9  gram)  of  the  acid  ;  the  alkaline  earth  carbonates 
were  apparently  not  acted  on,  and  even  after  digesting  for  50  hours 
no  gas  was  seen  to  escape.  The  crystals  of  calcite  alone  appeared  to 
be  slightly  dull,  as  if  etched  on  the  surface.  A  compact  piece  of  an 
opaque  variety  of  calcite,  weighing  3*05  grams,  after  digestion  in 
10*57  grams  of  acid  for  24  hours,  weighed  2*95  grams,  and  had  there- 
fore lost  0*1  gram  in  weight,  but  clear,  pale  straw-yellow  Iceland 
spar,  weighing  1*5  grams,  became  quite  colourless  after  digestion 
in  10*75  grams  of  acid  for  24  hours,  and  had  lost  only  0*005 
gram. 

The  sodium  carbonate  placed  in  this  strong  acid  evolved  a  slight 
stream  of  minute  bubbles  for  about  two  hours,  after  which  the  action 
ceased.  After  remaining  in  the  acid  for  50  hours  the  sodium 
carbonate  was  separated  by  decanting  off  the  acid.  The  carbonate, 
when  washed  four  times  with  absolute  alcohol,  was   dried   between 
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folds  of  blotting  paper,  and  warmed  to  expel  alcohol ;  it  weighed  exactly 
0*25  gram.  It  effervesced  and  dissolved  in  a  few  minutes  in  dilute 
acetic  acid. 

A  piece  of  burnt  lime  kept  in  a  desiccator,  and  weighing  about 
0'5  gram,  was  dropped  into  10  c.c.  of  acid.  It  produced  momentarily 
an  ebullition  and  a  slight  red  fume,  but  subsequently  a  piece  weighing 
0*17  gram  remained  undissolved  for  more  than  five  days.  The  acid 
was  then  decanted,  and  the  lime  washed  four  times  with  absolute 
alcohol.  "When  it  had  been  dried,  it  was  found  to  possess  all  the 
properties  of  caustic  lime.  In  each  experiment,  the  slightly  yellow 
acid  became  quite  colourless. 

Potassium  carbonate,  heated  to  incipient  fusion,  was  thrown  into 
10  c.c.  of  the  acid;  it  effervesced  violently  and  evolved  red  fumes. 
To  ascertain  the  nature  of  the  reaction,  1'60  grams  of  the  partially 
fused  carbonate  were  placed  in  a  stoppered  cylinder  with  2*75  grams 
of  nitric  acid  solution  (a=2'46  grams  HNO3)  and  left  to  digest  for 
6J  hours,  when  80  c.c.  of  alcohol  were  added. 

The  alcohol  was  drained  from  the  crystals  in  the  cylinder,  and 
titrated  with  iV/10  sodium  hydroxide  solution  made  from  sodium. 

The  free  acid  found  by  titration  was  equivalent  to  0*896  gram ; 
hence  it  is  estimated  that  1*56  grams  were  neutralised  whilst  theory 
requires  1*475  grams.  A  slight  loss  of  acid  had  doubtless  occurred 
by  the  rise  of  temperature  and  fuming  of  the  acid  during  the  escape 
of  the  carbon  dioxide,  hence  we  may  conclude  that  the  decomposition 
of  the  potassium  carbonate  was  complete.  The  difference  in  the 
behaviour  of  the  potassium  and  sodium  carbonates  is  remarkable. 

It  seemed  desirable  to  ascertain  the  extent  to  which  calcite  or 
marble  would  interact  with  acids  of  different  concentrations,  which, 
when  judged  by  their  spectra,  might  be  considered  to  have  a  constitu- 
tion differing  from  that  of  the  89*6  per  cent,  acid.  Pieces  of  calcite, 
weighed  and  placed  in  stoppered  cylinders,  were  mixed  with  weighed 
quantities  of  nitric  acid,  and  left  to  digest  for  periods  varying  from 
20  to  30  hours,  or  in  one  instance  50  hours.  The  undissolved  calcite 
was  weighed,  and  the  residual  nitric  acid  was  determined  by  iVYlO 
sodium  hydroxide  solution.  In  experiments  (3),  (4),  (5),  and  (6),  the 
liquid  became  rather  syrupy,  but  it  remained  clear  and  colourless  after 
as  much  as  possible  of  the  calcite  had  been  dissolved. 

It  was  noticed  that,  in  titrating  the  excess  of  acid  in  experiment  (4), 
about  1 3  milligrams  more  of  the  acid  had  been  neutralised  than  wtis 
the  case  with  (3),  (5),  and  (6),  the  reason  probably  being  that  the 
duration  of  the  experiment  was  20  hours  longer.  The  quantity  of 
acid  not  neutralised  was  in  other  cases  26  to  27  milligrams. 

The  following  are  the  numerical  details  : 


KITRIC  ACID  IN   VARIOUS  8TATIS  Of  OOKCKNTRATIOIT.     665 


Nitrieaeid, 


Calcih, 


\  pprozimato 
strength 

per  crnt.  of 
HNO^ ' 

Weight           Weight 
taken  in         taken  in 
gnnu.            giamt. 

Weight 

undieaolTed 

in  grama. 

il. 

BqoiTalent 

weight  of 

UNO,. 

89-6 

72-57 

69-8 

(1)  1-48 

(2)  1-40 
(8)     1-88 

(4)  1-82 

(5)  1-85 
(«)     1-24 

1-65 
174 
1-88 
1-42 
1-22 
103 

1-47 
170 
107 
0*65 
0-47 
0  35 

008  • 

004 

0-81 

077 

075 

0-68 

010 

0  05 

102 

0-97 

0*945 

0-856 

*  The  loM  of  weight  of  (1)  was  not  entirely  due  to  solution,  bat  partly  to  the 
disintegration  of  the  snrface  of  the  crystal ;  the  separated  particles  conld  not  be 
eollected  and  weighed. 

The  calcite  in  (1)  and  (2)  was  left  for  4  days  in  the  acid.  The  sur- 
face of  the  crystals  was  etched,  and  the  feebly  straw-coloured  sub- 
stance was  dissolved  out  of  the  crystals. 

There  was  a  considerable  difference  in  the  appearance  of  the  several 

•?ces  of  calcite  after  the  removal  of  the  acid  ;  thus  (1)  and  (2)  were 
roughened  on  the  surface,  although  the  crystalline  form  was  preserved 
and  the  edges  of  the  crystals  were  sharp.  In  (1),  minute  crystalline 
fragments  were  detached,  and  it  further  appeared  from  the  absence  of 
any  yellow  tinge  that  something  had  been  removed  from  the  spaces 
between  the  planes  of  cleavage  of  the  crystals. 

In  (3),  (4),  (5),  and  (6),  on  the  other  hand,  there  had  been  a  real 
dissolution  of  the  crystals,  as  shown  by  their  rounded  edges  and  the 
obliteration  of  the  crystalline  form. 

When  3*26  grams  of  calcium  oxide  were  added  to  10*75  grams  of 
the  89*6  per  cent,  nitric  acid,  the  solution  hissed  and  a  fume  of  nitric 
acid  arose,  the  temperature  of  the  acid  rising  from  20°  to  59*5°,  but 
no  further  action  took  place.  After  20  hours'  digestion,  the  acid 
was  poured  off  the  lime ;  the  latter,  when  washed  three  times  with 
abundance  of  alcohol,  and  dried  by  gently  heating,  weighed  4*25  grams. 
After  24  hours  in  a  desiccator,  it  was  transferred  to  a  beaker  contain- 
ing 250  C.C.  of  water  tinted  with  neutral  litmus  solution.  The  liquid, 
which  at  first  turned  red,  afterwards  became  blue ;  the  lump  of  lime 
slaked  and  became  a  powder.'  Of  the  3*26  graois  of  OaO,  it  was  found 
that  2*48  grams  were  not  neutralised  by  the  add.  That  which  had 
been  attacked  amounted  to  0*78  gram,  corresponding  with  1*755 
grams  of  HNO,.  The  increase  in  weight  found  agrees  with  that 
calculated  for  the  formation  of  calcium  nitrate  from  0*78  gram  of  CaO. 
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Of  real  nitric  acid,  10*75  grams  of  solution  contained  9-632  grams, 
of  which  a  little  more  than  one-sixth  had  been  neutralised.  This 
appears  to  me  conclusive  evidence  that  the  nitric  acid  contained  two 
different  molecules,  one  of  which  formed  a  calcium  salt,  whilst  the 
other  did  not,  for  no  less  than  2*48  grams  of  calcium  oxide  remained 
in  contact  with  a  large  excess  of  acid  without  any  interaction  occurricg. 

I  propose  to  study  the  chemical  properties  of  concentrated  nitric 
acid  more  fully  and  precisely  with  a  view  to  ascertaining  its  constitution. 


LXVIII. — The  Action  of  Alkalis  on  Cinnamic  Acid  Di- 

bromide  and  its  Esters, 

By  John  J.  Sudborough  and  Ken  worthy  J.  Thompson. 

The  reaction  between  cinnamic  acid  dibromide  (a^-dibromo-j8-phenyl- 
propionic  acid)  or  its  esters  and  alkalis  has  been  studied  by  a  number 
of  investigators,  and  is  the  basis  of  the  usual  methods  for  the  prepara- 
tion of  the  a-bromocinnamic  acids. 

Glaser  {Annaleny  1867,  143,  325)  obtained  two  monobromocinnamic 
acids  by  the  action  of  alcoholic  potash  on  a  hot  solution  of  a^-dibromo- 
j8-phenylpropionic  acid.  The  product,  when  neutralised  with  hydro- 
chloric acid,  was  poured  into  water  and  evaporated  to  dryness ;  the 
solid  residue  was  extracted  with  water  and  a  small  amount  of  tarry 
matter  left  undissolved.  The  two  acids  were  then  separated  from  the 
solution  of  their  potassium  salts  by  fractional  precipitation  with  hydro- 
chloric acid.  The  acid  which  was  first  precipitated,  melted  at 
130 — 131°,  whilst  its  isomeride  melted  at  120°;  they  were  termed 
a-bromocinnamic  and  )8-bromocinnamic  acids  respectively,  although 
the  bromine  in  both  acids  was  represented  as  occupying  the  a-position 
with  respect  to  the  carboxylic  group.  The  two  acids  are  now  usually 
known  respectively  as  abromo-  and  a-bromoa//o-cinnamic  acids. 

Barish  {J.  pr.  Chem.,  1879,  [ii],  20,  177)  prepared  these  isomerides 
by  the  same  method,  and  observed,  in  addition  to  the  two  acids,  the 
formation  of  a  small  amount  of  oil,  which  was  shown  to  be  a  bromo- 
cinnameoe.  The  two  acids  were  separated  by  Glaser's  method,  and  it 
was  found  that  the  amount  of  the  less  fusible  a-bromo-aoid  was  always 
far  less  than  that  of  the  a-bromoo/^acid. 

The  production  of  the  bromocinnamene  was  supposed  to  be  due  to 
the  decomposition  of  one  or  both  of  the  a-bromo-acids,  as  the  solution 
became  strongly  alkaline  when  evaporated,  and  the  formation  of  the 


J 
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oil  WM  largely  prefwitod  by  keeping  the  liquid  faintly  aoid.  Since 
the  yield  of  the  less  fusible  acid  was  always  far  below  that  of  its  iso* 
meride,  it  was  concluded  that  the  oil  was  produced  from  the  substance 
of  higher  melting  point.  The  bromoeinnamene  formed  was  isomeric 
with  the  a-bromocinnamene  obtained  from  cinnameue  di bromide,  but 
identical  with  the  bromoeinnamene  obtained  by  Qlaser  {AnnaUn,  1870, 
164,  18,  168),  and  by  Fittig  and  Binder  (ibid.,  1879,  106,  142) ;  the 
compound  waa  therefore  assumed  to  be  a  /3«bromocinnamene, 
CBrPhlCU,,  and  hence  the  acid  melting  at  131^  would  be  a  /3-bromo- 
cinnamic  acid,  CBrPhIOH*CO,H,  whilst  its  more  fusible  isomeride 
would  have  the  formula  CHPhlCBr'COjH.  The  difference  in  melting 
points  of  the  two  acids  and  the  inequality  in  reactivity  of  the  halogen 
atoms  in  the  different  compounds  were  adduced  in  support  of  such 
formulas  for  the  two  bromociDnamenes  and  the  two  bromo-acids. 

Plochl  (Ber.,  1882,  16,  1945),  by  comparing  these  isomerides  with 
the  chlorocinnamic  acids,  one  of  which  he  obtained  from  chluroacetic 
add  by  Perkin's  synthesis,  arrived  at  the  conclusion  that  the  acid  of 
higher  melting  point  is  the  true  a-bromocinnamic  acid,  whilst  its  iso- 
meride is  the  )3-bromocinnamic  acid,  CBrPhlCH'COjH. 

Stockmeir  (^i/«tem,  3rd  ed.,  2,  1411)  recommends  practically  the 
same  method  as  that  employed  by  Glaser,  whereas  Kinnicutt  {Amer, 
Chem,  J.,  1882,4,  26)  states  that  very  poor  yields  of  the  two  acids  are 
obtained  by  the  action  of  alkali  on  cinnamic  acid  dibromide,  and  re- 
commends the  employment  of  the  corresponding  ethyl  ester,  when  a 
90  per  cent,  yield  of  the  mixed  bromocinnamic  acids  is  obtained. 
Kinnicutt  separated  the  two  acids  by  fractional  crystallisation  from 
water,  in  which  the  /3-acid  (m.  p.  120°)  is  more  readily  soluble. 

Michael  and  Brown,  after  preparing  the  two  /3-bromocinnamic  acids 
by  the  addition  of  hydrogen  bromide  to  phenyl propiolic  acid  (Ber., 
1886, 19,  1378),  concluded  that  both  the  acids  obtained  from  cinnamic 
acid  dibromide  are  a-bromo-acids. 

Erlenmeyer  (B«r,,  1886,  19,  1936)  has  suggested  that  possibly 
certain  of  the  acids  are  bimolecular,  but  this  conclusion  has  been 
rendered  untenable  by  the  molecular  weight  determinations  of  the 
esters  of  these  acids  by  Biichael  and  Browne  (B^r,,  1887,  20,  550). 

Anschiitz  and  Selden  (ibid.,  1388)  have  suggested  that  the  acid 
melting  at  131°  is  the  true  a-acid,  and  that  the  so-called  )3-acid  melting 
at  120°  is  structurally  isomeric,  having  the  formula  CHPh*CBr:C*OH. 

O 

The  discovery  of  alio-  and  uo-cinnamic  acids  by  Liebermann,  and  the 
introduction  of  the  idea  of  stereochemistry  among  ethylene  derivatives, 
led  to  the  adoption  of  stereochemical  formulsB  for  the  two  a-bromo- 
acids. 
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E.  Erienmeyer  (J5er.,  1890,  23,  2130)  showed  that  both  acids,  when 
oxidised  with  permanganate,  yielded  beozaldehyde,  and  should  there- 
fore both  contain  the  bromine  atom  in  the  a-position.  He  also  proved 
that  the  more  fusible  acid  is  a-bromowocinnamic  acid,  since  on  reduc- 
tion it  yields  Liebermann's  zsocinnamic  acid,  together  with  a  certain 
amount  of  cinnamic  acid.  Liebermann  (Ber.^  1895,  28,  134)  obtained 
einnamic  acid  by  the  reduction  of  the  a-acid  melting  at  131°,  and 
hence  concluded  that  it  was  a-bromocinnamic  acid.  The  formulae  for 
the  two  acids  are  thus  : 

Ph'C-H  „         Ph-C-H 


^'    Br-C-COgH'  ^^'   C02H-C 


Br 


Formula  I  is  generally  assigned  to  a-bromocinnamic  acid  melting  at 
131°,  whereas  a-bromoa?/o  (or  iso-)*cinnamic  acid  is  represented  by 
II.  iMost  of  the  characteristic  reactions  and  physical  data  are  in 
harmony  with  these  formulae,  for  example,  the  aUo&cid  reacts  readily 
with  sulphuric  acid  to  form  a  hydrindone  derivative  (Roser  and  Hase- 
lofl,  Be7'.,  1887,  20,  1577),  whereas  sulphuric  acid  does  not  readily 
decompose  the  a-bromo-acid.  The  rates  of  esterification  of  the  two 
acids  (Sudborough  and  Lloyd,  Trans.,  1898,  73,  91)  are  also  in  agree- 
ment with  the  views  suggested  by  these  configurations. 

A  strong  argument  brought  against  these  formulae  by  Michael  is  the 
fact  that  the  a-bromo-acid  is  transformed  into  phenylpropiolic  acid 
much  more  readily  than  the  a-allo-&cid. 

If  the  above  configurations  are  correct,  then  cinnamic  acid  must  be 

Ph*C*H 
represented  as     „  U  ^^  __,  and  its  dibromide  must  be  the  racemio 

compound. 


Br  Bp 

Br- 


H-C-Ph  Ph-C-H 

Br-C-COjjH  COjH-C-Br  * 


H  H 

and  by  elimination  of  hydrogen  bromide,  abromooZ/ocinnamic  acid 
(m.  p.  120°)  alone  should  result.  All  authorities  are  agreed  that  a 
mixture  of  the  two  a-bromo-acids  is  obtained  by  the  action  of  potass- 
ium hydroxide  solution  on  the  dibromide. 

We  have  undertaken  the  study  of  different  alkalis  on  the  dibromide 
under  varying  conditions  in  order  to  determine  (a)  whether  it  is 
possible  to  obtain,   under  any  given  conditions,  only  the  a-bromo- 

*  Micbaers  recent  work  wonld  indicato  that  the  halogenated  alA>*acids  are,  in 
reality,  derivatives  of  <McinDamic  acid;  in  view  of  Liebermann's  criticisms  (^«r., 
1008,  86,  176),  the  old  noUtion  is  reUined. 
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oltMieid,  and  (6)  ih«  oonditiont  favourftble  to  tho  formation  of  the 
a-)MroiDO>acid. 

8omt  three  years  ago,  it  was  noticed  bj  one  of  us  that  the  yield  of 
a-bromo-add  b  largely  increased  when  ethyl  cinnamate  dibromide  is 
•  mployod,  and  we  have  therefore  continued  the  study  of  the  action  of 
alkalis  on  the  different  esters  of  the  dibromide.  During  the  progress 
of  Uie  work,  a  short  note  by  Michael  has  appeared  (Dm-.,  1901,  84, 
<>666)  in  which  attention  is  drawn  to  tho  influence  of  tho  ethyl 
^roup  in  the  elimination  of  hydrogen  bromide  from  cinnamic  acid 
dibromide  and  its  ester. 

The  experimental  work  which  has  been  carried  out  with  these 
objects  in  view  may  be  classified  under  the  following  heads  : 

I.  Preparation  of   cinnamic  acid  dibromide  (a)3-dibromo-^-phenyl- 
propionic  acid)  and  its  esters. 
II.  Separation  of  a-bromo-  and  a-bromoo^/o-cinnamic  acids. 
IIL  Action  of    alkalis  on  cinnamic  acid  dibromide  and  its  esters 
under  varying  conditions. 
IV.  Investigation  of  the  bromocinnamene. 

V.  Transformations    of     a-bromoa//ocinnamic    acid    into    a-bromo- 
cinnamic  acid. 


I.  Preparation  of  a :  P-Dibromo-P-phenylpropionic  Acid  and  ili 

Esters, 

The  method  usually  recommended  for  the  preparation  of  this  acid 
is  the  addition  of  the  requisite  amount  of  bromine  to  a  carbon 
•lisolphide  solution  of  cinnamic  acid,  and  we  find  that  for  the  prepara- 

ion  of  small  amounts  of  the  dibromide  this  gives  a  very  good  yield ;  but 
although  the  dibromide  is  obtained  pure  when  the  crystals  which 
separate  from  the  eolation  are  removed  and  washed  with  a  little  cold 
carbon  disulphide,  the  process  is  somewhat  inconvenient  for  the 
preparation  of  large  quantities  of  the  dibromide,  as  cinnamic  acid  is 
not  readily  soluble   in   the   moderately  cold  solvent,  and   we   have» 

herefore,  adopted  the  following  method  for  the  preparation  on  a  large 
iicale. 

From  one  to  two  hundred  grains  of  finely  powdered  cinnamic  acid 
are  placed  on  a  large  clo^k  gl^^ss  in  a  desiccator  over  sulphuric  acid, 
and  a  very  slight  excess  of  bromine,  previoosly  dried  with  sulphuric  acid, 
is  introduced  in  a  small  dish  and  the  whole  left  for  three  daya  When 
the  weight  of  the  acid  has  inereaeed  to  the  required  extent,  the 
product  is  crystallised  from  warm  alcohol,  as  it  always  has  a  red  colour. 
We  have  never  observed  the  evolation  of  hydrogen  bromide  during 
the  reaction  and  have  obtained,  after  one  crystallisation  from  alcohol, 
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almost  theoretical  yields  of  the  pure  acid  melting  and  decomposing  at 
197°» 

Michael  states  that  small  amounts  of  o/Zocinnamic  acid  dibromide 
are  obtained  by  the  action  of  bromine  on  cinnamic  acid,  but  using 
the  method  just  indicated  we  have  never  been  able  to  isolate  any  of 
this  compound.  In  some  cases,  we  obtained  a  small  amount  of  oil 
by  washing  the  crude  dibromide  with  warm  carbon  disulphide.  The 
solution,  when  cold,  deposited  a  small  amount  of  the  ordinary  dibromide, 
and  when  ultimately  evaporated  gave  an  oily  residue  amounting  to 
less  than  1  gram  from  100  grams  of  cinnamic  acid,  from  which  no 
definite  crystals  could  be  obtained.  The  conditions  of  bromination 
were  such  that  the  production  of  any  large  amount  of  the  allo- 
compound  could  not  be  expected. 

Methyl  Cinnamate  Dibromide  {Methyl  Bibromo-P-phenylpropionaU). 
— Methyl  cinnamate,  which  was  prepared  by  Fischer  and  Speyer's 
method  (Ber.,  1895,  28,  3252),  using  a  4  per  cent,  solution  of  hydrogen 
chloride  in  methyl  alcohol,  was  subsequently  brominated  in  carbon 
bisulphide  solution,  and  the  dibromide,  when  purified  by  crystallisation 
from  methyl  alcohol,  melted  at  117°. 

As  the  results  obtained  by  the  action  of  alcoholic  potash  on  this 
ester  were  very  different  from  those  produced  by  the  action  of  the 
same  alkali  on  the  acid  dibromide,  it  was  thought  probable  that  the 
ester  might  not  be  a  pure  substance,  but  a  mixture  of  two  isomerides, 
and  would  therefore  not  correspond  with  the  acid  dibromide  decompos- 
ing at  197°.  This  assumption  did  not  appear  at  all  probable,  since  the 
isomeric  methyl  dibromo-^-phenylpropionate  is  already  known  and 
melts  at  52—53°  (Liebermann,  Ber.,  1891,  24,  1107). 

In  order  to  be  sure  that  the  ester  employed  was  the  one  corre- 
sponding with  the  acid  decomposing  at  197°,  we  have  esterified 
cinnamic  acid  dibromide  by  the  Fischer-Speyer  method,  20  grama  of 
cinnamic  acid  dibromide  being  boiled  for  9  hours  with  100  grams  of 
methyl  alcohol  containing  4*5  grams  of  hydrogen  chloride.  On  cool- 
ing, colourless,  prismatic  crystals  separated,  the  weight  of  which  was 
11  grams.  The  melting  point  (116—117°)  indicated  that  the 
substance  was  identical  with  the  ester  obtained  by  the  addition  of 
bromine  to  methyl  cinnamate.  A  small  amount  of  hydrogen  chloride 
was  passed    into    the    liquid,    from    which    the   crystals    had    been 

*  The  molting  (loiiita  given  in  this  communication  were  all  determined  by  short 
normal  thormomctora,  the  whole  of  the  thread  of  which  was  immersed  in  the  bath. 
The  temperature  at  which  this  acid  melts  and  decomposes  varies  considerably  with 
the  method  of  heating.  When  slowly  heated,  it  melU  at  197*.  but  when  quickly 
heated  the  thermometer  may  register  a  temperator*  as  high  as  207*  before  decom- 
position occurs. 
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rMBOVtd,  and  it  was  boiled  for  a  further  period  of  8  houm,  when  an 
additional  5*3  grama  of  the  same  eater  were  obtained. 

In  a  aeoond  experiment,  30  grams  of  cinnamto  acid  dibromide  and 
'>0  c.c  of  methyl  alcohol  under  the  foregoing  conditions  yielded  27 
grams  of  the  ester.  The  product  thus  obtained  reacted  with  alcoholic 
potash  kk  ezaetlj  the  same  manner  as  the  ester  produced  by  the  addi- 
tion of  bromine  to  methyl  cinnamate. 

MlJkifl  CmnamaU  Dibromide  (Ethyl  DifnramO'P'phenylpropionate),-^ 
This  aster  has  also  been  prepared  by  two  distinct  methods : 

(a)  Addition  of  bromine  to  a  carbon  disulphide  solution  of  ethyl 
cinnamate. 

(6)  Alkylation  of  cinnamic  acid  dibromide  by  the  aid  of  dry  silver 
oxide  and  ethyl  iodide. 

The  yield  obtained  by  this  second  method  was  only  60  per  cent,  of 
the  theoretical  when  the  reaction  was  carried  out  in  the  cold,  as 
seooodary  reactions  occurred  leading  to  the  formation  of  an  oil.  This 
oil,  when  subjected  to  fractional  distillation  under  reduced  pressure, 
has  been  found  to  consist  of  ethyl  cinnamate  dibromide  (m.  p.  75 — 76°) 
and  «»-bromocinnamene. 

As  prepared  by  both  methods,  the  ester  crystallised  from  carbon 
disulphidein  large,  colourless  prisms  melting  at  75 — 76°.  Treatment  with 
alcoholic  potash  gaTe  results  similar  to  those  obtained  with  the  methyl 
eater. 

In  areeent  communication  (Ber.,  1901,  34,  3660),  Michael  states 
that  when  ethyl  cinnamate  is  brominated  under  suitable  conditions 
the  product  may  contain  as  much  as  54  per  cent,  of  ethyl  alio- 
cinnamate  dibromide  melting  at  28 — 30°. 

As  in  most  of  our  earlier  experiments  the  yield  of  the  dibromide 
melting  at  75 — 76°  was  good,  we  determined  to  repeat  the  bromina- 
tions,  working  as  far  as  possible  under  the  specified  conditions, 
namely,  low  temperature,  slight  excess  of  bromine,  absence  of  light, 
and  in  carbon  tetrachloride  solution.  Even  under  these  conditions,  we 
have  not  been  able  to  confirm  Michael's  results.  The  product  obtained 
in  each  case,  after  removing  the  solvent  in  a  desiccator  over  caustic 
soda  at  the  ordinary  temperature  and  under  reduced  pressure,  consisted 
of  a  mass  of  large,  prismatic  crystals.  In  no  case  was  the  amount  of 
oil  appreciable,  and  the  crude  residue,  which  invariably  melted  at 
66 — 74°,  could  therefore  contain  only  the  merest  trace  of  the  (dlo- 
dibromide,  and  when  reci^stalliaed  from  alcohol  yielded  the  pure  ester 
melting  at  75—76°. 

E^,  1. — Eight  grams  of  ethyl  cinnamate  were  added  to  a 
solution  of  slightly  more  than  the  theoretical  amount  of  bromine  in 
well-cooled    dry  carbon  disulphide.      The  mixture  was  allowed   to 
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remain  surrounded  by  ice  for  24  hours  and  the  solvent  then  removed 
under  reduced  pressure,  the  whole  experiment  being  performed  in  the 
dark.  The  melting  point  of  the  slightly  discoloured  crude  product 
was  69 — 72°;  its  weight  was  15-1  grams. 

Expt.  2. — Under  similar  conditions  to  Expt.  1,  but  with 
a  larger  excess  of  bromine,  only  a  trace  of  oil  was  formed, 
whilst  13'3  grams  of  pure  product  melting  at  75 — 76°  ^ere  obtained 
after  crystallisation  from  carbon  disulphide.  ' 

Expt.  3. — In  this  case,  carbon  tetrachloride  was  used  as  solvent  and 
only  a  slight  excess  of  bromine  was  employed.  The  crystalline 
product,  which  was  only  slightly  discoloured,  weighed  15 '4  grams  and 
melted  at  67—73°. 

Expt.  4. — Similar  to  Expt.  3.  The  crude  product,  which  weighed 
14  9  grams,  melted  at  65 — 74°,  and  after  recrystallising  from  carbon 
disulphide  yielded  12*2  grams  melting  at  75 — 76°.  The  mother  liquor, 
after  evaporation,  deposited  large  crystals  of  the  ester  melting  at 
75 — 76°,  mixed  with  only  a  trace  of  oil. 

Expt.  5. — A  repetition  of  Expt.  1  gave  15  15  grams  of  ester 
melting  at  67 — 75°.  After  recrystallisation,  12*6  grams  of  pure  ester 
were  obtained,  and  the  solvent,  on  evaporation,  left  crystals  of  the  ester 
mixed  with  very  small  amount  of  oil. 

Expt.  6. — Ethyl  cinnamate  (8  grams)  was  placed  in  a  stoppered 
bottle  and  20  c.c.  of  carbon  disulphide  added,  7 '7  grams  of  dry 
bromine  were  enclosed  in  a  sealed  bulb  and  placed  in  the  bottle.  The 
bottle  was  packed  in  a  tin  containing  sawdust  to  prevent  light 
affecting  the  reaction.  The  mixture  was  allowed  to  stand  surrounded 
by  ice  for  2  hours,  the  bulb  then  broken  by  shaking,  the  bottle  kept 
for  16  hours  surrounded  by  ice,  and  the  solvent  finally  removed  as 
before.  The  weight  of  crude  product  melting  at  67 — 73°  was  14*5 
grams,  and  on  recrystallising  from  alcohol,  12*2  grams  of  ester  melting 
at  75 — 76°  were  obtained.  The  mother  liquor,  on  addition  of  water, 
gave  an  oily  product  which  slowly  solidified ;  this  substance  weighed 
0-4  gram  and  melted  at  35—60°. 

Expt.  7. — Similar  to  Expt.  6,  but  the  bottle  was  kept  at  0° 
for  36  hours.  Weight  of  product  melting  at  68 — 74°  was  14*2 
grams,  and  12  grams  of  the  pure  recrystallised  ester  were  obtained.  The 
addition  of  water  to  the  mother  liquor  precipitated  an  oil  which  subse- 
quently solidified ;  the  solution  of  this  product  in  cold  light  petroleum 
(b.  p.  30 — 60°)  yielded  on  evaporation  0*2  gram  of  oil,  which  became 
solid  and  melted  at  27—40° 

Expt.  8. — Similar  to  Expt.  7,  but  with  carbon  tetrachloride  as 
solvent,  the  ester  being  sealed  in  the  bulb.  The  crude  product,  which 
melted  at  66 — 74°  and  weighed  13*6  grams,  when  recrystallised 
from  alcohol  gave   12  grams  of  ester  melting  at  75 — 76°.     The  oil 
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obtained  from  tbo  mother  liquor,  when  extracted  with  ligroin 
and  carbon  disulphide,  gave  0*2  gram  of  a  substance  which  solidified 
and  melted  at  30—40°. 

We  are  not  able  to  explain  the  difference  between  these  results  and 
those  of  Michael,  as  we  followed  as  far  as  possible  the  conditions 
indicated  by  him  and  used  carbon  tetrachloride  or  carbon  disulphide 
which  had  been  thoroughly  dried  and  freshly  distilled. 

In  some  of  our  experiments,  the  ester  was  added  to  the  bromine 
solution,  whereas  in  Michael's  experiments  the  bromine  was  always 
added  to  the  solution  of  the  ester. 


II.  Separation  of  a-Bronio-  and  a-JBro7nosi\lo-cin7iamic  Acids. 

The  methods  employed  by  Kinnicutt  and  Glaser  and  described  in 
the  earlier  part  of  this  paper  are  tedious  and  of  little  value  for  the 
quantitative  separation  of  the  two  acids.  Preliminary  experiments 
were  therefore  made  in  order  to  find  some  simple  and  rapid  quanti- 
tative method  of  separation.  The  process  which  first  suggested  itself 
was  the  separation  by  the  aid  of  the  barium  salts,  as,  according  to 
Glaser,  barium  a-bromocinnamate  is  very  sparingly  soluble  and  barium 
a-bromoa^/ocinnamate  readily  soluble  in  water. 

Tsvo  grams  of  each  were  mixed,  dissolved  in  ammonium  hydroxide 
solution,  and  excess  of  fairly  concentrated  barium  chloride  solution  was 
then  added.  The  precipitated  barium  salt  was  collected,  washed  with 
barium  chloride  solution,  and  then  decomposed  with  dilute  hydrochloric 
acid ;  the  liberated  acid,  when  dry,  was  found  to  melt  at  131°  and  the 
weight  obtained  was  1*97  grams.  The  filtrate  containing  the  soluble 
barium  salt  was  also  acidified,  and  when  dry  the  acid  thus  precipitated 
melted  at  120°  and  weighed  1*85  grams.  These  results  prove  that  the 
two  acids  may  be  completely  separated  by  this  method,  but  that  a  slight 
loss  of  both  acids  occurs.  The  amount  of  this  is  under  two  per  cent,  in 
the  case  of  the  a-acid,  whilst  in  that  of  the  a-a^^o-acid  the  loss  is  under 
eight  per  cent. 

The  mixtures  of  the  two  acids  obtained  by  treating  cinnamic  acid 
dibromide  with  alkalis  were  invariably  separated  by  the  above 
method. 


III.  Action  of  Alkalis  on  ap-DihromO'P'phenyliyropionic  Acid  and  its 

Esters, 

The  object  to  which  our  attention  has  been  mainly  directed  in  the 
course  of  this  part  of  the  work  has  been  the  determination  of  the 
manner  in  which  the  reaction  between  cinnamic  acid  dibromide  and 
alkali  is  affected  by  (a)  light,  (6)  increase  in  temperature,  (c)  vibrations 


674  SUDBOROUGH   AND  THOMPSON:  THE   ACTION  OF 

due  to  prolonged  shaking,  (d)  the  employment  of  the  methyl,  ethyl, 
wobutyl,  and  phenyl  esters  in  place  of  the  acid  dibromide,  (e)  employ- 
ment of  different  alkalis. 

The  general  method  adopted  was  as  follows  :  the  acid  dibromide 
(10  grams)  or  an  equivalent  amount  of  an  ester  (10*45  grams  of  the 
methyl,  10'91  grams  of  the  ethyl,  or  11*83  grams  of  the  iaobutyl 
ester)  was  mixed  with  the  calculated  quantity  of  the  alkali  in  aqueous 
or  alcoholic  solution  ;  in  all  cases,  two  molecules  of  alkali  were  employed 
for  each  molecule  of  acid  dibromide  or  ester.  The  mixture  was  kept 
under  the  special  conditions  enumerated  in  each  experiment,  the 
alcohol  was  removed  by  evaporation  on  the  water-bath  unless  otherwise 
stated,  and  the  dry  mixture  of  alkali  salts  obtained  was  stirred  with  a 
little  water.  In  no  case  did  the  whole  of  the  residue  dissolve,  as  nearly 
all  the  salts  of  a-bromocinnamic  acid  are  only  sparingly  soluble  in 
water.  An  excess  of  barium  chloride  solution  was  added  and  the  two 
acids  separated  by  the  method  described  above. 

(a  and  b)  Influence  of  Light  and  Temperature. 

The  following  series  of  experiments  prove  that  neither  the  nature 
of  the  reaction  nor  the  relative  amounts  of  the  two  acids  produced  are 
affected  to  any  appreciable  extent  by  the  presence  or  absence  of  sun- 
light or  by  an  increase  in  temperature  amounting  to  100°. 

JSxpt.  1. — Ten  grams  of  cinnamic  acid  dibromide  were  mixed  at-  10** 
with  the  calculated  amount  of  alcoholic  potash  (10  per  cent,  solution) 
and  kept  at  -  10°  to  -  5°  for  2  days,  the  whole  experiment  being 
conducted  in  the  dark.  At  the  end  of  that  time,  the  cinnamic  acid 
dibromide  had  wholly  disappeared,  but  a  precipitate  had  been  formed. 
The  alcohol  was  allowed  to  evaporate  at  the  ordinary  temperature  and 
the  residue  separated  in  the  usual  manner.  The  weights  of  a  bromo- 
and  a-bromoa/Zo-acids,  melting  at  128 — 130°  and  110 — 117°  respectively, 
were  0*75  and  5*85  grams. 

The  acids  obtained  directly  from  the  barium  salts  were  usually  not 
quite  pure,  the  a-acid  in  all  cases  melted  at  126 — 130°  instead  of 
130—131°,  and  the  a-allo-Acid  usually  at  115°  instead  of  120°  Each 
acid  was  obtained  in  a  pure  state  after  one  crystallisation  from  a  mix- 
ture of  benzene  and  light  petroleum  or  chloroform  and  light  petroleum. 

Expt,  2. — The  conditions  were  the  same  as  in  £zpt.  1,  with  the 
exception  that  the  mixture,  cooled  to  —5°,  was  placed  in  fairly  bright 
sunlight  and  occasionally  shaken,  the  reaction  being  complete  after 
about  28  hours.  The  weights  of  a-bromo-  and  o-bromoo/^acids  were 
0'76  and  5*8  grams  respectively. 

Eocpt.  3. — Ten  grams  of  the  acid  were  mixed  with  the  oaloulated 
amount  of  alcoholic  potash,  care  being  taken  to  avoid  rise  of  tempera- 
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tare  ;  tho  mixture  was  tobeequently  kept  at  the  ordioary  temperature 
for  S  hoiirK,  tho  whole  of  the  experiment  being  carried  out  in  the  dark. 
Tho  alcohol  was  eTaporated  on  the  water-bath  ;  0*83  gram  of  a  bromo- 
add  and  5*8  grams  of  a-bromoa/^cHicid  were  obtained. 

ExpL  4. — The  oonditions  were  the  same  as  in  Expt.  3,  with  the 
•xoeption  that  the  experiment  was  carried  out  in  the  light,  the  mixture 
being  shaken  for  3  hours ;  0*76  gram  of  a-bromo-acid  and  6  05  grams 
of  a»bromoa/2(>4U2id  were  obtained. 

ExpL  5. — Ten  grams  of  the  acid  dibromide  were  mixed  with  the 
cxlculated  amount  of  alcoholic  potash  and  boiled  for  20  minuteH  in 
ordinary  daylight ;  0*8  gram  of  a-bromo-acid  and  5*2  grams  of  abromo- 
o^-acid  were  obtained. 

SxpL  6. — ^The  methyl  ester  (1045  grams)  was  boiled  for  6  minutes 
with  the  calculated  amount  of  alcoholic  potash  ;  3*85  grams  of  a-bromo- 
acid  and  2*7  grams  of  a-bromooZ^o-acid  were  obtained. 

ExpL  7. — As  in  Expt.  6,  except  that  the  mixture  was  shaken  at  the 
ordinary  temperature  for  3  hours  ;  4*15  grams  of  a-bromo-acid  and 
2*64  grams  of  a-bromoa//o-acid  were  obtained. 

It  has  already  been  stated  that  methyl  cinnamate  dibromide  was 
also  prepared  by  the  direct  esterification  of  the  acid  dibromide  by  the 
Fischer-Speyer  method.  The  results  obtained  when  this  preparation 
was  employed  were  similar  to  those  of  Expts.  6  and  7,  in  which  the 
ester  formed  by  the  union  of  bromine  and  methyl  cinnamate  was  used. 

Expt.  8. — 10*45  grams  of  the  ester  dibromide,  obtained  by  esterifica- 
tion  of  the  acid  dibromide,  were  treated  as  in  Expt.  6.  The  yield  was 
4  grams  of  the  a-bromo-acid  and  2*7  grams  of  its  isomeride. 

(c)  Influence  of  Rapid  Vibration. 

It  was  thought  possible  that  the  vibrations  and  shock  produced  by 
shaking  the  medium  in  which  the  reaction  was  taking  place  might 
influence  the  yields  of  the  two  acids. 

Expts.  9 — 11,  which  were  carried  out  by  the  aid  of  a  Dunstan- 
Dymond  shaker,  when  compared  with  the  previous  experiments,  appear 
to  negative  this  assumption.  The  relative  amounts  of  the  two  acids 
are  not  altered,  either  by  violent  agitation  during  the  reaction  or  by 
prolonged  shaking  after  the  reaction  is  complete. 

Expt.  9. — 10*45  grams  of  the  methyl  ester  were  added  to  the  calcul- 
ated amount  of  alcoholic  potash  at  the  ordinary  temperature  and  the 
mixture  shaken  for  6  hours  ;  4*25  grams  of  the  a-bromo  acid  and 
"^  ^  grams  of  the  a-bromoo/^acid  were  obtained. 

Kxpl.  10. — Similar  to  Expt.  9,  except  that  the  shaking  was  continued 
for  20  hours.  The  yields  were  4*20  and  2*78  grams  of  the  a-bromo- 
acid  and  its  isomeride  respectively. 
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Expt.  11. — Similar  to  Expfc.  9,  except  that  the  alcoholic  potash  was 
added  in  two  stages;  10*45  grams  of  the  ester  were  mixed  with  one 
equivalent  of  alcoholic  potash  and  shaken  for  1  hour ;  a  second  equi- 
valent of  alkali  was  then  introduced,  and  the  shaking  continued  for 
another  hour. 

The  yields  were  the  same  as  in  Expt.  9. 


{d)  Replacement  of  Cinnamic  Acid  Dihromide  hj  its  Esters. 

The  experiments  already  describe  1  indicate  that  the  relative  amounts 
of  a-bromo-  and  a-bromoa/^-acids  produced  are  greatly  altered  by 
employing  an  ester  in  place  of  the  free  acid  dibromide. 

Comparative  experiments  have  been  carried  out  by  using  cinnamic 
acid  dibromide  and  its  methyl,  ethyl,  wobutyl,  and  phenyl  esters. 

In  each  case,  10  grams  of  the  acid  dibromide  or  an  equivalent 
quantity  of  ester  were  boiled  for  5 — 6  minutes  with  the  calculated 
amount  of  alcoholic  potash.     The  results  were  as  follows  : 
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Preparation  of  iaoButi/l  Cinnamate  and  its  Dibromide. 

As  these  compounds  have  not  been  previously  described,  we  give  a 
brief  account  of  their  preparation. 

A  slight  excess  of  wobutyl  alcohol  was  added  to  freshly  prepared 
cinnamyl  chloride ;  the  reaction,  when  started  by  warming,  progressed 
rapidly  until  all  the  chloride  had  disappeared.  After  warming  on  the 
water-bath  for  a  few  minutes,  the  ester  was  distilled  under  reduced 
pressure.  As  thus  obtained,  i^ohutyl  cinnamate  is  an  almost  colourless 
liquid  with  an  ethereal  odour ;  it  boils  at  164 — 165°  under  16 — 17  mm. 
pressure. 

The  dibromide  was  prepared  by  adding  a  very  slight  excess  of 
bromine  in  carbon  disulphide  to  a  solution  of  the  ester  in  the  fame 
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solvent ;  after  2  hours,  the  solution  was  left  to  evaporate  spontaneously, 
and  the  residue  purified  by  crystallisation  from  light  petroleum. 

hoButyl  cinnamate  dihromide  crystallises  from  light  petroleum 
(b.  p.  30 — 60°)  in  aggregates  of  silky  needles  melting  at  59 — 60° ;  it 
is  also  readily  soluble  in  chloroform,  carbon  disulphide,  and  warm 
ligroin.  02532  gave  0*2646  AgBr  ;  Br  =  44  5.  CigHjgOgBrg  requires 
44*0  per  cent. 

The  results  obtained  with  phenyl  cinnamate  dibromide,  melting  at 
127°,  are  somewhat  different,  and  some  of  the  experiments  are  there- 
fore given  in  detail. 

Expt.  20. — 12 -45  grams  of  the  ester  dibromide  (equivalent  to 
10  grams  of  cinnamic  acid  dibromide),  when  boiled  for  5  minutes  with 
alcoholic  potash  (2  mols.),  gave  31  grams  of  a-bromo-acid  melting  at 
128 — 130°,  and  1'75  grams  of  a-bromoa^/o-acid  melting  at  115 — 118°. 

Expt.  21. — 12*45  grams,  when  treated  similarly,  gave  3*3  grams  of 
a-bromo-acid  and  1*55  grams  of  the  a^^o-isomeride. 

As  the  yields  of  the  two  acids  were  much  less  than  the  theoretical, 
and  a  considerable  amount  of  an  oily  by-product  was  also  observed, 
further  experiments  were  carried  out. 

Expt.  22. — 12*45  grams  of  the  ester  dibromide  were  boiled  for 
5  minutes  with  alcoholic  potash  (2  mols.),  and  after  removing  the 
alcohol  the  residue  was  dissolved  with  water  and  extracted  with 
ether.  From  the  aqueous  solution,  3*35  grams  of  a-bromo-acid  and 
1*65  grams  of  a-bromoa^^-acid  were  obtained.  The  ethereal  extract, 
after  being  washed  three  times  with  dilute  caustic  soda  solution  to 
remove  phenol,  was  dried  and  the  solvent  distilled  off.  The  oily 
residue  weighed  2  3  grams  and  boiled  with  decomposition  at  about 
270°;  with  concentrated  aqueous  caustic  potash,  it  gave,  after  some 
time,  a  clear  solution,  from  which  a  mixture  of  a-bromo-  and  a-bromo- 
a/Zo-acids  was  obtained  by  acidifying. 

Expt.  23. — 15*6  grams  of  the  ester  dibromide  were  added  to  cooled 
alcoholic  potash  (2  mols.)  and  the  mixture  shaken  for  2  days  at  the 
ordinary  temperature,  when  the  alcohol  was  allowed  to  evaporate  and 
the  residue  then  treated  as  in  Expt.  22. 

3*85  grams  of  a-bromo-acid  and  0*90  gram  of  a-bromoa/^o-acid  were 
obtained,  together  with  4*35  grams  of  an  oil  which  distilled  over  at 
153 — 155°  under  11 — 12  mm.  pressure.  The  oil  was  left  in  contact 
with  strong  aqueous  caustic  potash  for  a  day,  when  the  hydrolysis 
was  complete ;  the  alkaline  solution  of  potassium  salts  was  treated  in 
the  usual  manner  with  barium  chloride,  0*90  gram  of  a-bromo-acid  and 
1*65  grams  of  a-bromoa^fo-acid  being  obtained. 

The  oil  distilling  at  153 — 155°  under  11 — 12  mm.  pressure  must 
have  been  a  mixture  of  the  phenyl  esters  of  a-bromo-  and  a-bromoa^Zo- 
cinnamic  acids.   This  proves  conclusively  that  in  the  case  of  the  phenyl 
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dibromide  the  elimination  of  hydrogen  bromide  precedes  the 
hydrolysis. 

The  fact  that  the  oil  consists  mainly  of  the  ester  of  the  allo-sucid 
would  indicate  that  this  ester  is  not  so  readily  hydrolysed  by  alkalis 
as  the  ester  of  the  isomeric  a-bromo-acid.  This  is  interesting,  as  it  has 
already  been  shown  (Sud borough  and  Lloyd,  Trans.,  1898,  73,  91) 
that  the  a-bromoa^o-acid  is  not  so  readily  esterified  as  the  isomeric 
a-bromo-compound. 

From  the  results  given  in  the  preceding  table,  it  is  obvious  that  the 
substitution  of  an  ester  for  the  free  acid  dibromide  tends,  in  all  cases, 
to  increase  greatly  the  amount  of  a-bromocinnamic  acid  formed. 
When  alcoholic  potash  is  employed,  the  amount  of  a-bromo-acid 
obtained  from  10  grams  of  cinnamic  acid  dibromide  is  always  less  than 
1  gram,  but  when  an  ester  is  used  with  the  same  alkali,  the  amount  is 
more  than  quadrupled,  and  reaches  nearly  4  grams. 

As  stated  in  the  introduction,  the  normal  compound,  which  should 
be  formed  by  the  elimination  of  hydrogen  bromide  from  cinnamic  acid 
dibromide,  is  a-bromoa/^o-(or  zso-)cinnamic  acid,  that  is,  the  acid 
which  on  reduction  yields  allo-(ov  iso-)cinnamic  acid.  This  has  been 
shown  by  Erlenmeyer  (Amialen,  1895,  287,  21)  to  be  the  acid  melting  at 
120°,  which  is  usually  called  a-bromoa/^ocinnamic  acid.  The  results 
obtained  when  the  acid  dibromide  is  employed  may  be  regarded  as 
being  in  harmony  with  this  theoretical  deduction  ;  the  main  product  is 
a-bromcrt//ocinnamic  acid,  and  only  a  small  amount  of  the  a-bromo- 
cinnamic acid  is  obtained.  The  formation  of  this  may  be  attributed 
to  the  fact  that  the  allo-a.cid  is  unstable  (see  later  experiments,  p.  685), 
and  either  at  the  moment  of  its  formation  or  afterwards  becomes 
partially  converted  into  the  more  stable  a-bromo-acid. 

When  the  esters  are  employed,  the  chief  product  is  the  a-bromo-acid, 
together  with  smaller  amounts  of  the  a-bromoaWo-acid.  This  un- 
doubtedly points  to  the  fact  that  the  alkali  does  not  tirst  completely 
hydrolyse  the  ester  and  then  eliminate  hydrogen  bromide,  it  being  far 
more  probable  that  the  withdrawal  of  hydrogen  bromide  occurs  before 
the  hydrolysis.  In  the  case  of  the  phenyl  ester,  the  withdrawal  of 
hydrogen  bromide  before  complete  hydrolysis  is  proved  by  the  fore- 
going experiments. 

The  fact  that  the  chief  product  is  a-bromo-acid  can  be  accounted  for 
by  assuming  that  the  esters  of  the  a//o-acid  are  even  less  stable  than 
the  free  acid,  and  therefore  are  more  readily  transformed  into  the 
esters  of  the  a-bromo-acid. 

Michael  (loo.  cit.)  has  recently  come  to  the  conclusion  that  the  ethyl 
cinnamate  dibromide  melting  at  75 — 76°  is  the  true  dibromide  of 
ethyl  o/Zocinnamate,  and  not  that  of  ethyl  cinnamate.  This  view  is 
supported,  to  a  certain  extent,  by  his  experiments  on  the  addition  of 
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bromine  to  ethyl  cinnamate,  but  for  some  UDknown  reason  our  own 
experiments  have  not  yielded  similar  results. 

If  we  assume  that  the  esters  employed  are  not  the  dibromides  of  the 
esters  of  cinnamic  acid,  but  of  allocinnamic  aoid,  then  the  chief  product 
formed  by  the  action  of  alkali  should  be  the  a-bromo-acid.  The  pro- 
duction of  the  relatively  large  amount  of  the  a-bromoa//oacid  presents 
a  difficulty,  as  this  is  the  less  stable  isometide,  and  is  not  likely  to  be 
produced  by  the  molecular  rearrangement  of  the  a-bromo-acid.  The 
fact  thaf  the  esters  we  have  employed  undoubtedly  correspond  with 
the  ordinary  cinnamic  acid  dibromide  decomposing  at  197^,  since  this 
substance,  when  esterified,  yields  these  compounds,  is  a  further 
argument  against  the  conclusion  that  these  esters  are  derivatives  of 
a//ocinnamic  acid.  Moreover,  if  the  esters  are  derivatives  of  alio- 
cinnamic  acid,  then  the  acid  dibromide  itself  is  also  an  a//o-compound, 
and  it  becomes  a  little  difficult  to  reconcile  this  conclusion  with  the 
fact  that  the  main  product  produced  by  the  action  of  alkali  is  a-bromo- 
a//ocinnamic  acid. 


(«)  Influence  of  Different  Alkalis  on  the  Reaction. 

Our  earlier  experiments  were  all  carried  out  with  alcoholic  potash. 
In  order  to  determine  whether  the  nature  of  the  alkali  was  an 
important  factor  in  determining  the  yields  of  the  two  acids,  we  have 
made  experiments  with  the  following  alkalis :  caustic  potash  in  alco- 
holic or  aqueous  solution,  caut^tic  soda  in  alcoholic  solution,  alcoholic 
sodium  or  potassium  ethoxide,  aqueous  sodium  carbonate,  aqueous  or 
alcoholic  ammonia,  aqueous  baryta,  and  alcoholic  dimethylaniline. 

The  esters  reacted  so  slowly  with  aqueous  solutions  of  the  different 
alkalis,  and  also  with  alcoholic  sodium  ethoxide  or  dimethylaniline, 
that  the  products  could  not  be  investigated. 

The  experiments  were  carried  6ut  on  the  plan  previously  described, 
and  the  results  obtained  are  given  in  the  following  table  : 


Cinnamic  acid  dibromide 


Weight  of 

Weight  of 

AlkalL 

a-bromo- 

a-bromo- 

acid. 
095 

allo-acid. 

4-96 

0  84 

5-5 

0-81 

5  4 

Alcoholic 

0-80 

5-69 

po|a8h 

0-76 
076 

610 
6  05 

076 

5-8 

0-75 

5-85 

Method. 


-Boiling  for  5  minutes 

Boiling  for  4  honrs 
Shaking  for  2  hours 

»»  >♦ 

At  -  5**  in  sunlight 
At  -  5°  in  the  ilark 


zz  2 


080 


SUDBOROUGH   AND  THOMPSON:   THE  ACTION   OF 


Alkali. 

Weight  of 

o  bromo- 

acid. 

ill 

Method. 

Cinnamic  acid  dibromide 
ft                >* 

Alcoholic 
soda 

Sodium 
eihoxide 

1  01 
1-61 
1-62 

0-91 
0-84 

4  85 
4-92 
4-93 

5-89 
601 

Boiling  for  5  minutes 

»»              »» 
Shaking  for  2  hours 

»»                 »> 

Shaking  for  3  hours 
»»              »» 

Potassium 
ethoxide 

0-45 
0-60 

610 
5-87 

2-78 

4-46 
4-5 

Boiling  for  5  mlDOtes 
»»              »> 

ft                »> 

Aqueous 
potash 

116 

1-64 
1-8 

r Shaking,  no  cooling 
\     during  addition. 
)  Shaking,    low    tem- 
/     perature. 

>»                 »» 

>♦                 >> 

Aqueous  baryta Broraocinnamene,    with    a    small 

amount  of  the  acids 
Aqueous  sodium   car- 

bonate Broraocinnamene  only 

Aqueous  ammonia    ...                    ,,                 ,, 
Alcoholic  ammonia  ...     Acid  dibromide  unaltered 

Alkali. 

Weight  of 

o-bromo- 

acid. 

Weight  of 
o-bromo- 
a//o-acid. 

Method. 

Methyl  ester  dlbromido 
»>                 >> 
»»                 >» 
»»                 »> 

Alcoholic 
potash 

8-8 
3-85 
4-25 
4-16 

2-6 
2-7 
2-8 
2-64 

Boiling  for  5  minutes 

>»                 f » 
Shaking  for  3  hours 

>»                   >» 

If                 »» 

Alcoholic 
soda 

8-98 
3  8 
4-25 

2-8 
2*4 
26 

Boiling  for  5  minutes 

>*                 >> 
Shaking  for  8  hours 

Ethyl  ester  dibromide 
f  >                «« 
»»                »» 
•  >                >» 
ft                •> 

Alcoholic 
pota.<sh 

1 

8-78 
8  72 
3-8 
8-7 
416 

2-64 

2-65 

2-68 

28 

2-9 

Boiling  for  S  minutes 

t»  »» 
Boiling  for  4  hours 

»i  >• 
Shaking  for  3  hours 

Alcoholic 
'•                '•                  sotla 
t*               (1           j 

8 -68 
8-46 
410 

2  55 
2*54 
2-89 

Boiling  for  5  minutes 
Shaking  for  3  hours 
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The  results  obtained  with  dimethylaniltDe  are  somewhat  carious, 
the  products  being  oinnamio  acid,  «»-bromocinnamene,  and  only  a  trace 
of  a  bromo-acid. 

SjqtL  34. — ^Ten  grams  of  oinnamio  acid  dibromide  were  boiled  for 
45  minutes  with  a  slight  excess  of  an  alcoholic  solution  of  dimethyl- 
nniliQe  (3  mola).  The  aloohol  was  removed  by  evaporation  and  the 
residue  acidified  with  hydrochloric  acid.  The  precipitated  acids 
were  collected  and  washed,  when  an  oil  passed  into  the  filtrate ; 
this  sobstaoce  was  bromocinnamene,  which,  after  drying,  weighed  1*6 
grams ;  the  acid  on  the  filter-paper  proved  to  be  cinnamic  acid,  the 
yield  being  3*07  grams. 

Bxpi.  25. — Ten  grams  of  the  acid  dibromide  were  boiled  for  2  hours 
^vith  an  alcoholic  solution  of  dimethylaniline  and  treated  as  in  Expt. 

24.  2*2  grams  of  cinDamic  acid  were  obtained  together  with  a  large 
amount  of  oil. 

£xpt.  26. — 19  48  grams  of  acid  dibromide  were  treated  as  in  Expt. 

25,  but  the  boiling  was  continued  for  1  h  hours.     2*8  grams  of  cinnamic 
acid  were  obtained  together  with  6*8  grams  of  bromocinnamene. 

£xpL  27. — ^Ten  grams  of  acid  dibromide  were  added  to  alcoholic 
dimethylaniline,  the  mixture  shaken  for  6  hours,  and  the  alcohol 
removed.  The  reaction  was  not  complete,  some  unaltered  acid  di- 
bromide still  remained,  but  in  this  case  also  a  large  amount  of  oil 
was  formed. 

The  oil  obtained  in  each  experiment  proved  to  be  <i>-bromocinnamene  ; 
it  distilled  at  215 — 220°  under  the  ordinary  pressure,  and  on  bromina- 
tion  gave  a  dibromide  melting  at  35 — 36^ 

Cinnamic  Acid  Dibromide  and  Aqueous  Ammonia. 

Expt.  28. — Ten  grams  of  the  dibromide  were  gradually  added  to 
the  calculated  amount  of  aqueous  ammonia,  the  temperature  being 
kept  down  by  means  of  cold  water.  After  a  short  time,  the  formation 
nf  oil  was  indicated  by  the  odour.  The  mixture  was  left  for  a  week 
in  a  corked  flask,  but  the  acid  did  not  appear  to  have  undergone 
appreciable  alteration.  The  mixture  was  therefore  warmed  on  the 
water-bath  for  a  few  minutes,  an  oil  was  immediately  formed,  this 
was  extracted  with  ether,  and  after  drying  the  extract,  the  ether  was 
distilled  ofiP,  when  3*7  grams  of  an  oil  were  left ;  this  product,  which 
proved  to  be  (o-bromocinnamene,  distilled  almost  entirely  at  215 — 217°, 
and  gave  the  dibromide  melting  at  35 — 36°.  The  filtrate,  on  acidifying, 
gave  0'02  gram  of  an  acid  which  had  no  definite  melting  point. 

Expt,  29. — Ten  grams  of  the  dibromide  were  gradually  added  to 
the  calculated  amount  of  aqueous  ammonia,  and  the  mixture  left  for 
three  weeks.     Some  solid  remained  mixed  with  oil.     On  extraction 
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with  ether,    2*0  grams  of  bromocinnamene  were  obtained  with  27 
grams  of  unaltered  cinnamic  acid  dibromide  decomposing  at  194 — 196°. 

Cinnamic   Acid  Dibromide  and  Alcoholic  Ammonia. 

Expt.  30. — Ten  grams  of  acid  dibromide  were  added  to  the  calcu- 
lated amount  of  alcoholic  ammonia  and  the  mixture  left  for  a  week. 
As  the  dibromide  did  not  appear  appreciably  altered,  the  mixture 
was  boiled  for  5  minutes  and  the  alcohol  then  evaporated  on  the 
water-bath.  A  white  solid  was  left  showing  no  trace  of  oil.  The 
acid  obtained  from  this  by  the  addition  of  hydrochloric  acid 
weighed  9*6  grams,  and  proved  to  be  unaltered  dibromide. 

Kxpt.  31. — Ten  grams  of  acid  dibromide,  when  treated  as  in  Expt. 
30,  with  the  difference  that  the  mixture  was  left  for  three  weeks 
instead  of  warming,  gave  9*4  grams  of  unaltered  dibromide  decompos- 
ing at  194—196°. 

Cinnamic  Acid  Dibromide  and  Aqueous  Sodium  Carbonate. 

Expt  32. — Ten  grams  of  the  acid  dibromide  were  added  slowly 
to  the  calculated  amount  of  sodium  carbonate  solution,  the  mixture 
being  left  for  a  week,  and  then  warmed  for  a  few  minutes,  when  an 
oil  was  produced ;  this  product  was  extracted  with  ether,  and  from 
the  ethereal  solution,  3*6  grams  of  bromocinnamene  were  obtained. 

From  the  filtrate,  002  gram  of  an  acid  was  precipitated;  this 
product  melted  indefinitely  from  150°  upwards. 

Ex2H.  33. — Ten  grams  of  acid  dibromide  were  added  to  the  cal- 
culated amount  of  sodium  carbonate  solution,  and  the  mixture  left 
for  3  weeks.  The  oil  formed  was  then  extracted  with  ether,  and 
3*8  grams  of  bromocinnamene  were  obtained ;  0*4  gram  of  unaltered 
dibromide  was  recovered  from  the  filtrate. 

As  the  presence  of  exiess  of  sodium  carbon \te  might  favour  the 
formation  of  bromocinnamene,  an  experiment  was  carried  out  in 
which  the  acid  dibromide  was  always  in  excess.  The  results  ob- 
tained were  similar  to  those  of  previous  experiments. 

Expt.  34. — The  calculated  amount  of  sodium  carbonate  solution 
was  added  drop  by  drop  from  a  burette  to  10  grams  of  the  acid 
dibromide,  and  the  mixture  left  for  three  weeks;  4*1  grams  of 
bromocinnamene  were  obtained. 

Cinnamic  Acid  Dibromide  and  Aqueous  Baryta, 

Expt.  86. — Five  grams  of  acid  dibromide  were  shaken  for  5  hoars 
with  the  calculated  amount  of  aqueous  baryta.  Some  bromocin- 
namene was  formed,  and  unaltered  acid  dibromide  remained. 
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Expi.  36. — Five  gr«mi  of  acid  dibromide  were  shaken  for  24  hoars 
with  the  ealcaUted  amonnt  of  baryta ;  bromocinnameDe  was  formed 
together  with  0-33  gram  of  a-bromocinDamic  acid  and  0*77  gram  of 
SD  acid  melting  at  170 — 184^  with  decomposition,  this  substance 
being  probably  unaltered  oinnamic  acid  dibromide. 

IV.  Br&mocintiamene. 

Barith  was  the  first  to  note  the  formation  of  a  bromocinnamene  by 
the  action  of  alcoholic  potash  on  cinnamic  acid  dibromide.  The 
•  {uantity  thus  obtained  is  usually  small,  but  by  altering  tho  conditions 
the  amoiint  may  be  largely  increased.  The  production  of  only  a 
minute  quantity  of  the  bromocinnamene  can  be  readily  detected  by 
the  characteristic  odour.  We  have  noticed  its  formation  from  the 
acid  dibromide  under  the  following  conditions  :  action  of  (i)  alcoholic 
or  aqueous  caustic  potash  ;  (ii)  alcoholic  potash  at  high  tempera- 
tures ;  (iii)  aqueous  ammonia,  baryta,  or  sodium  carbonate,  especially 
at  higher  temperatures ;  (iv)  alcoholic  dimethylaniline.  The  substance 
is  also  produced  during  the  esterification  of  the  dibromide  by  the  aid 
of  dry  silver  oxide  and  ethyl  iodide,  and  also  by  the  action  of  dimethyl- 
aniline  on  a-bromo-  and  a-bromoa/Zo-cinnamic  acids. 

The  factors  which  tend  to  increase  the  amount  of  bromocinnamene 
are  (a)  employment  of  the  acid  dibromide  and  not  its  esters  ;  (6)  re- 
latively high  temperature;  (c)  employment  of  aqueous,  rather  than 
alcoholic,  solutions  of  alkalis  ;  (d)  employment  of  a  feeble,  rather  than 
a  strong  alkali. 

Contrary  to  Kinnicutt's  statement,  we  have  found  that  good  yields 
of  the  two  a-bromocinnamic  acids  may  be  obtained  by  the  action  of 
alcoholic,  and  even  of  aqueous  caustic  potash  on  cinnamic  acid  di- 
bromide, provided  that  the  temperature  is  not  allowed  to  rise. 

The  bromocinnamene  obtained  inalltheseexperiments  is  identical  with 
the  compound  obtained  by  boiling  cinnamic  acid  dibromide  with  water, 
and  is  /3-  or  b>-bromocinnamene  (a-bromo-^-phenylethylene)  (Fittig  and 
Binder,  Annalen,  1879,  106,  141  ;  Nef,  AnJialen,  1899,  308,  267).  It 
is  most  readily  characterised  by  transformation  into  its  dibromide, 
which  crystallises  from  light  petroleum  in  needles  melting  at  37 — 38°. 
In  Beilstein'fl  Handbuch  (2nd  edition),  this  compound  is  termed 
a.p:  ^-tribromoethyl benzene,  but  the  proper  correction  has  been  made 
in  the  Supplement,  and  also  in  Richter's  Lexicon.  The  oils  obtained 
under  the  foregoing  conditions  gave  practically  quantitative  yields  of 
this  solid  dibromide,  thus  proving  that  none  of  them  contained 
appreciable  amounts  of  the  isomeric  a-bromocinnamene. 

Barish  attributed  the  formation  of  the  bromocinnamene  to  the 
elimination  of  carbon  dioxide  from  one  or  both  of  the  a-bromo-acids. 


a-Bromo-acid. 

a-BromoaZto- 
aciil. 

0-80  gram 

5*69  grams 

0-84     „ 
3-78  grams 
3-8       „ 

5-5        „ 
2-64      ,. 

2-68      „ 
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A  number  of  experiments  made  by  us  tend  to  render  this  view  un- 
tenable. We  have  boiled  cinnamic  acid  dibromide  and  its  ethyl  ester 
for  5  minutes,  and  for  4  hours  with  the  calculated  amount  of ,  alcoholic 
potash,  and  the  yield  of  a-bromo-  and  a-bromooZ/o-acids  has  not  been 
affected  by  the  prolonged  heating. 

Time. 

10  grams  cinnamic  acid  di- 
bromide    5  minutes 

10  grams  cinnamic  acid  di- 
bromide   4  hours 

1091  grams  ethyl  ester    ...  5  minutes 

10*91  grams  ethyl  ester    ...  4  hours 

Similarly,  when  the  pure  a-bromo-  or  a-bromoaZ^acid  is  boiled  with 
alcoholic  potash  (1  mol.)  for  several  hours,  no  trace  of  decomposition 
occurs,  and  even  when  an  excess  of  alkali  is  employed  the  product 
produced  from  the  a-bromo-acid  is  phenylpropiolic  acid,  whereas  the 
a//o-acid  is  practically  unaffected. 

It  would  thus  appear  that  the  bromocinnamene  is  not  a  secondary 
decomposition  product  obtained  by  the  elimination  of  carbon  dioxide 
from  one  of  the  a-bromo-acids,  but  is  a  primary  decomposition  product. 
Experiments  have  proved  that  those  alkalis,  aqueous  baryta,  aqueous 
sodium  carbonate,  and  aqueous  caustic  potash,  for  example,  which  readily 
yield  to-bromocinnamene  from  the  dibromide,  are  practically  without 
action  on  the  a-bromo-acids  ;  in  all  these  cases,  the  solution  of  the  acids 
were  shaken  for  several  days  with  the  alkali,  and  practically  the 
calculated  amount  of  unaltered  acid  (either  a-bromo-  or  a-hvomocUlO') 
was  recovered,  and  no  odour  of  the  bromocinnamene  was  noticed. 
"When  the  a-bromo-acids  were  boiled  with  alcoholic  dimethylaniline 
(2  mols.),  nearly  the  calculated  amount  of  unaltered  acid  was  obtained. 
A  minute  trace,  however,  of  oil  was  formed  in  each  case — less  than 
01  gram  from  5  grams  of  acid — and  this  was  proved  to  be  <u  bromo- 
cinnamene by  conversion  into  its  dibromide  melting  at  37 — 38°.  This 
may  be  taken  as  a  further  proof  of  the  position  of  the  bromine  atom 
in  the  bromocinnamene. 

It  is  highly  probable  that  the  elimination  of  hydrogen  bromide  and 
the  withdrawal  of  carbon  dioxide,  required  for  the  production  of  bromo- 
cinnamene from  cinnamic  acid  dibromide,  occur  simultaneously.  The 
experiments  described  above  indicate  that  the  elimination  of  hydrogen 
bromide  does  not  precede  the  loss  of  carbon  dioxide. 

If  carbon  dioxide  were  eliminated  before  the  hydrogen  bromide, 
cinnamene  dibromide  would  be  first  formed,  and  this,  by  the  loss  of 
hydrogen  bromide,  might  then  yield  tu-bromocinnamene.     That  this 
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4oM  not  oooor  is  proved  by  the  fact  that  oiDnameDe  dibromide,  on 
treatment  with  alkali,  yields  abromooinnameno,  CPhBrlCH^  or» 
acoordtog  to  Nef  (Awydmi,  1899,  306,  273),  a  mixture  of  a-  and 
w-bromocinnamenes.  In  our  experiments,  we  have  not  been  able  to 
find  any  trace  of  the  aoompound. 

V.  TramqfwmaUon  <if  a-BromoeModnnamie  Acid  into  a-Bromo- 
dnnamic  AeicL 

This  transformation  has  been  accomplished  by  three  methods, 
namely,  (a)  action  of  sunlight  on  the  dry  acid;  (b)  action  of  sunlight 
on  an  aqueous  solution  of  the  barium  salt ;  (c)  action  of  heat  on  the 
free  acid. 

AMm  qf  Light  on  th9  Acid, — One  gram  of  the  a  o/^-acid,  in  the 
form  of  glistening,  flat  plates,  was  exposed  between  watch-glasses  to 
ordinary  diffused  daylight  on  August  28th,  1900.  It  was  noticed 
that  the  crystals  gradually  lost  their  lustre  and  became  opaque  on  the 
surface.  On  November  1st,  the  melting  point  bad  sunk  to  96^,  and 
by  December  10th,  to  about  90°.  The  mixture  of  acids  was  then 
transformed  into  barium  salts,  which  were  separated  in  the  usual 
manner,  0*22  gram  of  a-bromocinnamic  acid  melting  at  131°  being 
thus  obtained. 

Action  of  Light  on  Barium  a-Bromo&Wocinnamale  in  Aqueous  Solu- 
tion.— As  the  barium  salt  of  a-bromocinnamic  acid  is  almost  insoluble 
in  water,  it  was  thought  possible  that  the  barium  salt  of  the  allo-SLCid 
might  be  quantitatively  transformed  into  the  isomeric  barium  salt  by 
exposure  of  its  aqueous  solution  to  sunlight.  The  following  experi- 
ments indicate  that  this  is,  to  a  large  extent,  true. 

One  gram  of  abromoo/^innamic  acid  was  dissolved  in  a  slight 
excess  of  dilute  ammonia,  and  excess  of  barium  chloride  solution  added, 
the  total  volume  of  liquid  being  about  10  c.c.  The  solution  was  exposed 
to  fairly  bright  sunlight  in  a  south-west  window  on  September  9th, 
1901.  Well-defined  crystals  of  barium  a-bromocinnamate  began  to 
separate  after  two  days.  The  solution  was  examined  on  October  25th, 
and  the  acids  separated  in  the  usual  manner.  0'29  gram  of  a-bromo- 
cinnamic acid  melting  at  131°  and  0*7  of  unaltered  o^-acid  melting  at 
119—120°  were  obtained. 

Two  grams  of  the  a-oZ^acid  were  dissolved  in  slight  excess  of  baryta 
solution,  and  the  excess  of  baryta  precipitated  as  carbonate  by  leaving 
the  solution  in  an  atmosphere  of  carbon  dioxide.  The  clear  solution 
was  then  placed  in  a  corked  fiask  and  exposed  to  sunlight  in  a  south 
window  on  June  4th,  1902.  After  two  days,  crystals  appeared;  the 
solution  was  left  until  September  29th,  when  the  crystals  were  removed 
and  yielded  1*98  grams  of  a-bromocinnamic  acid  melting  at  130 — 131°. 
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The  clear  filtrate  from  the  crystals,  when  acidified,  gave  no  trace  of 
unaltered  a/Zo-acid. 

Effect  of  heating  a-BromosMocinnamic  Acid. — Michael  states  (Ber., 
1901,  34,  3648)  that  the  a-a^-acid  is  completely  transformed  into  the 
isomeric  a-bromo-acid  when  a  mixture  of  the  two  acids  is  kept  in  the 
liquid  state  for  1  minute.  Some  of  our  earlier  experiments  indicated 
that  the  transformation  does  not  take  place  nearly  so  readily  as 
suggested  by  Michael,  and  we  have  made  a  more  careful  study  of  this 
transformation. 

The  following  table  gives  a  list  of  the  experiments  made  in  order  to 
determine  (a)  the  temperature  and  {b)  the  time  required  for  practically 
complete  transformation.  The  method  of  procedure  was  as  follows  : 
5  grams  of  pure  a-bromoaZ/ocinnamic  acid  were  placed  in  a  test-tube 
provided  with  a  loosely-fitting  cork  which  carried  a  thermometer. 
The  test-tube  was  then  plunged  into  a  sulphuric  acid  bath  heated  to 
the  required  temperature,  and  the  time  measured  from  the  moment 
when  the  thermometer  placed  in  the  molten  acid  indicated  the  fixed 
temperature.  The  mixture  of  acids  was  separated  in  the  usual  manner 
by  the  aid  of  their  barium  salts. 


Weight  of 

Time  in 

o-bromo«//o- 

Weight  of 

Temperature. 

minutes. 

aeid. 

o-bromo-acid, 

132—133° 

10 

4-76 

005 

132—133 

30 

4-61 

0-23 

143—144 

12 

4-70 

0-12 

143—144 

30 

4-50 

0-35 

155 

10 

4-59 

0-22 

155 

30 

4-08 

0-72 

165 

10 

4-38 

0-46 

175 

10 

3-96 

0-85 

185 

10 

3*65 

M8 

196 

10 

1-86 

2-85 

203-204 

10 

0-73 

411 

It  is  obvious  from  these  results  that  the  transformation  is  not  com- 
plete even  when  the  aZ/o-acid  is  heated  at  203—204°  for  10  minutes. 
Michael's  statement  that  a  complete  transformation  is  effected  by 
keeping  the  a-allo-&cid  in  a  molten  state  for  1  minute  must  be  incorrect. 
We  have  examined  some  of  the  numbers  obtained  in  the  transform- 
ation of  the  aaUo-Acid  in  order  to  see  whether  the  change  may 
be  included  amongst  the  ordinary  unimolecular  reactions.  The 
numbers  in  the  following  table  indicate  thAt  the  reaction  iB  uni- 
molecular : 
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Wtight  of        Weight  of 
Time  tn     ••bfomoaU^    ••broincHu:id 


Temp. 

rotoQtas. 

tdd  taken. 

formed. 

l/rtog«/a-x. 

ISS'' 

10 

5 

0  20 

000232 

155 

SO 

5 

0-7G 

0-00238 

155 

45 

5 

1-05 

000227 

155 

60 

6 

1-41 

0-00239 

155 

60 

5 

1-39 

000236 

The  amount  of  bromo-acid  given  in  the  table  is  the  actual  weight 
of  acid  obtained  plus  the  portion  retained  in  solution.  The  experi- 
ments proved  that  the  amount  remaining  in  solution  was  practically 
0*04  gram  for  the  amount  of  li'juid  employed  in  each  experiment. 

Conclusion. 

The  more  important  results  obtained  in  the  course  of  this  investiga- 
tion may  be  summarised  as  follows  : 

1.  Only  minute  amounts  of  an  allo-compound  are  obtained  by  the 
addition  of  bromine  to  ethyl  cinnamate. 

2.  Good  yields  of  a-bromo-  and  abromoo^ocinnamic  acids  may  be 
obtained  by  the  action  of  alcoholic  potash  on  cinnamic  acid  dibromide 
or  itA  esters.  When  the  acid  dibromide  is  employed,  it  is  advisable  to 
work  at  the  ordinary  temperature  and  to  keep  the  mixture  cool. 

3.  The  relative  amounts  of  the  two  acids  vary  considerably  when  an 
ester  is  employed  iu  place  of  the  acid  dibromide.  The  use  of  the 
ester  increases  the  amount  of  a-bromo-acid,  and  all  the  esters  in- 
vestigated, the  methyl,  ethyl,  tsobutyl,  and  phenyl  esters,  behave  in 
exactly  the  same  way. 

4.  The  relative  amounts  of  the  two  acids  are  also  affected  to  a  less 
extent  by  the  nature  of  the  alkali  and  of  the  solvent  (either  alcohol 
or  water). 

5.  A  by-product  often  obtained  is  co-bromocinnamene.  This  is 
produced  (a)  when  the  temperature  is  raised,  (b)  when  aqueous 
solutions  or  feeble  alkalis  are  employed. 

6.  The  bromocinnamene  is  produced  directly  from  the  cinnamic 
acid  dibromide  and  not  from  the  a-bromo-acids. 

7.  The  a-bromo-  and  a-bromoo/^acids  are  most  readily  separated 
by  means  of  their  barium  salts. 

8.  The  abromoa/A>-acid  may  be  transformed  into  the  isomeric  acid 
by  sunlight  or  by  heat,  but  the  transformation  by  the  latter  method 
does  not  occur  as  readily  as  is  stated  by  Michael. 

Chemical  Laboratoriis, 

Univxbsitt  Collxos  of  Wales, 
Abirtstwtth. 
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LXIX. — The  Diazo-reaction  in  the  Diphenyl  Series. 
Part  I,      On  Dianisidine  and    3  :  S'-Dichlorobenzidine, 

By  John  Cannell  Cain. 

In  measuring  the  rate  of  decomposition  of  diazo-salts  prepared  from 
certain  diamines  of  the  diphenyl  series,  it  was  noticed  (Cain  and 
Nicoll,  Trans.,  1902,  81,  1440)  that  the  substances  obtained  by  heat- 
ing an  aqueous  solution  of  the  diazonium  salts  derived  from  dianisidine 
and  0  :  o-dichlorobenzidine  were  coloured  and  insoluble  in  alkali. 

It  was  obvious  that  the  reaction  did  not  proceed  as  in  the  case  of 
benzidine  and  tolidine  which,  like  benzidine-3  :  3'-dicarboxylic  acid, 
yield  the  corresponding  dihydroxy -compounds  (BUlow,  Ber.y  1898,  31, 
2577). 

In  the  case  of  dianisidine,  this  anomalous  behaviour  has  been 
described  by  Starke  (/.  pr.  Chem.,  1899,  [ii],  69,  204)  in  the  follow- 
ing terms  :  **  Die  Bildung  eines  Diphenols  .  .  .  Konnte  ich  trots 
vieler  Versuche  nicht  erreichen,  selbst  beim  Kochen  der  Tetrazo- 
dianisylchlorids  mit  bei  140°  siedender  Schwefelsaure  Hess  sich  die 
Bildung  eines  Phenols  nicht  beobachten."  This  chemist  did  not, 
apparently,  examine  the  product  of  the  reaction. 

The  decomposition  of  the  diazo-salt  from  dichlorobenzidine  by  the 
usual  methods  results  in  the  formation  of  a  brownish-red,  amorphous 
substance ;  in  the  case  of  dianisidine,  the  product  is  almost  black, 
whilst  both  are  quite  insoluble  in  alkalis  or  the  ordinary  solvents  and 
neither  sublime  nor  melt  on  heating.  These  products,  which  are  not 
attacked  by  the  usual  reducing  agents,  appear  to  form  addition  com- 
pounds with  hydriodic  acid. 

Many  experiments  were  made  with  the  object  of  avoiding  the 
formation  of  these  substances  in  order  to  obtain  the  hydroxy -der  iva- 
tives,  but  only  in  the  case  of  dichlorobenzidine  was  it  possible  to 
isolate  a  minute  quantity  of  such  a  substance  by  carrying  out  the 
experiment  in  very  strong  sulphuric  acid  solution.  Although  the 
investigation  of  these  amorphous,  insoluble  compounds  is,  of  necessity, 
very  difficult,  yet  there  does  not  seem  to  be  much  doubt  that  they  are 
of  a  quinonoid  character ;  the  deep  colour  of  both  substances  points 
to  this  conclusion,  as  does  also  their  striking  resemblance  to  certain 
compounds,  the  constitution  of  which  must  be  of  this  nature. 

Thus,  Palmer  and  Qrindley  (Ber.,  1893,  28,  2304)  obtained  by  the 
oxidation  of  penta-aminobenxene  a  deep  brown,  amorphous  substance, 
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which  wa3  iuMluble  in  all  the  ordinary  tolventii  and  did  not  malt ;  tta 
•mpirioal  formula  agreed  with  that  of  a  triaminoquinone.  Redaction 
experiments  are  not  deecribed. 

Biginelli  {Oatmiia,  1897,  27,  347)  also  has  shown  that  on  diasotis- 
ing  5  : 8-diamino-6-methozycoumarin,  7*amino-6-methozycoumarin,  the 
trimethyl  ether  of  mooaminopyrogallol,  as  well  as  Nietzki  and 
Preosser'a  2  : 5-diamino-l  :  4-diaoetozy benzene,  deeply  coloured  (red  or 
blacky  insoluble  and  infusible  substances  are  obtained,  which  are 
regarded  as  condensation  products  from  two  molecules,  thus  :  2R*NHj 
(on  diasotisation)  — >-  R*NH*0*R.  Biginelli  supposes  that  the 
preeence  of  methoxyl  groups  impedes  diazotisation,  and  that  during 
the  diasotisation  of  such  compounds,  condensation  products  are  mainly 
formed. 

However,  this  conclusion  certainly  does  not  apply  to  the  cases  of 
dianisidine  (3  :  3'dimethozybenzidine)  and  o-anisidine,  which,  as  is 
well  known,  can  be  easily  and  quantitatively  diazotised. 

I  have  not  been  able  to  reduce  the  substances  thus  obtained  from 
dichlorobenzidine  and  dianisidioe,  but  by  long  continued  boiling  with 
strong  hydriodic  acid  and  i*ed  phosphorus  an  addition  product  resulted 
in  each  case,  from  which,  however,  hydriodic  acid  was  eliminated  by 
the  action  of  water  or  alkalis. 

Sulphuric  and  hydrochloric  acids  had  no  action  on  the  original  sub- 
stances. Acetic  anhydride  gave  an  addition  product,  which  was  also 
easily  decomposed  by  alkalis. 

The  reaction  with  hydriodic  acid  may  perhaps  conBrm  the  quinonoid 
nature  of  the  compounds,  as  many  coloured  substances  having  the 
properties  of  quinones,  such  as  aurin,  h»ematein,  and  brazilein,  form 
addition  compounds  with  certain  acids,  these  being  easily  separated 
with  water. 

Nietzki  {Ber,,  1895,  28,  56)  suggests  that  such  addition  pro- 
ducts   may,    in    the   case    of    ordinary    quinone    and    hydrochloric 

acid,  be  represented  thus:    0:C<,H^:0  +  HCl-^^>CgH4:0,  but  the 

oxonium  formula,  p.^OX^H^'O,  may  be  equally  applicable. 

The  substance  derived  from  dianisidine  may  accordingly  have  the 
formula : 

OMe 


o? 


0-" 

OACe 


690  CAIN:  THE   DIAZO-REACTION   IN   THE 

and  that  from  dichlorobenzidine  may  be  represented  by : 

01  CI  CI  CI 


01  CI  CI  CI 

the  former  structure  being,  in  each  case,  the  more  probable. 

Experimental. 
ExpeHments  with  3  :  3' -Dichlorobenzidine. 

3 : 3'-Dichlorobenzidine  (126  grams)  was  dissolved  in  water  with 
the  addition  of  30  c.c.  of  hydrochloric  acid  of  sp.  gr.  1'16,  the  solution 
being  cooled,  diazotised  with  6*9  grams  of  sodium  nitrite,  and  then 
filtered  and  decomposed  either  by  direct  heating  or  by  adding  it  slowly 
to  boiling  dilute  sulphuric  acid. 

In  either  case,  a  reddish-brown,  amorphous  substance  was  obtained 
in  good  yield,  and  no  other  product  could  be  detected  in  the  filtrate. 
The  substance  is  quite  insoluble  in  alkalis,  acids,  water,  alcohol,  ether, 
benzene,  acetone,  chloroform,  ligroin,  amyl  alcohol,  phenol,  nitro- 
benzene, or  pyridine.  On  heating,  it  does  not  melt,  but  gradually 
chars  and  burns  away.  After  washing  and  drying,  the  following 
numbers  were  obtained : 

01406  gave  03040  COo  and  0-0369  H,0.     C  =  58'98  ;  H  =  2-94. 
0-1824     „     0-3909  CO2    „    0-0468  HjO.     C  =  58  45  ;  H  =  2-88. 
01419     „     0-1675  AgCI.     Cl-2918. 
01703     „     0-2022  AgCl.     Cl  =  29  36. 
C24H12O3CI4  requires  C  =  5880  ;  H  «  2*45 ;  CI  =  2895  per  cent. 

The  substance  would  thus  appear  to  be  a  quinone-anhydride  having 
the  formula  indicated  above.  No  reduction  could  be  effected  by  any 
of  the  ordinary  energetic  reducing  agents. 

By  boiling  with  hydriodic  acid  and  red  phosphorus,  it  was  converted 
into  a  pale  yellow,  amorphous  addition  compound  which  was  separated 
from  the  heavier  red  phosphorus  by  elutriation.  This  product  was 
quite  insoluble  in  all  the  ordinary  solvents  and  did  not  melti  but 
hydriodic  acid  was  eliminated  on  boiling  with  water  or  alkalis. 

The  analyses  of  the  product  containing  iodine  were  not  concordant, 
the  amount  of  hydriodic  acid  absorbed  evidently  depending  on  the 
oonoentration.  The  largest  amount  found  was  1 1  96  per  cent., 
whereas  (Os^tfi^OsCl^),-!-!!!  requires  11-45  per  cent,  of  iodine. 

In  an  experiment  with  weaker  acid,  the  iodine  determination  by  the 
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CkniM  prooew  gar*  5*5i  per  cent,  whilsti  after  boiling  the  substance 
with  oaoalie  toda  solution,  61tering,  and  estimating  the  sodium  iodide 
by  prsdpitaiion  with  »ilver  nitrate,  the  iodine  obtained  was  5*66  per 
cent  Thus  the  substsnoe  in  question  is  a  true  addition  product,  the 
residae    after    hydroljsts    oonsisting    apparently    of     the    original 

By  boiling  with  aoetio  anhydride  and  fodium  acetate  for  some  hours, 
an  addition  product  was  obtained  which  was  of  a  much  lighter  colour 
than  the  original  substance,  but  resembled  it  as  regards  its  iofusibility 
and  its  insolubility  in  the  ordinary  solvents : 

01 181  gave  01 189  AgCl.     CI -24-9. 

C^HjjOjCl^  +  C^HjO,  requires  CI  =  23  9  per  cent. 

The  original  red  substanoe  was  apparently  regenerated  on  boiliog 
with  dilute  caustic  soda. 

FcfmuUion  of  3  :  Z'-Dichloro-i :  i'-dihydroxf/dip/ienyl. 

3 : 3'-Dichlorobenzidine  is  diazotised  in  a  concentrated  aqueous 
si>lution,  using  sulphuric  acid  instead  of  hydrochloric  acid,  and  to  the 
filtered  solution,  twice  its  volume  of  strong  sulphuric  acid  is  added. 
The  mixture  is  now  heated  until  the  evolution  of  nitrogen  ceases, 
when  a  tarry  substance  separates  out.  Under  these  conditions,  no 
formation  of  the  reddish-brown  insoluble  substance  takes  place.  The 
tar  is  collected  and  extracted  repeatedly  with  boiling  water ;  the  aqueous 
solution  deposits  white  needles  on  cooling,  the  yield  being  very  small. 

The  new  substance  is  readily  soluble  in  alkalis,  being  reprecipitated 
by  acids ;  it  is  sparingly  soluble  in  hot  water  and  crystallise  from  this 
solveot  in  fine  white  needles  melting  at  124^  (uncorr.).  It  dissolves 
very  easily  in  ether,  alcohol,  benzene : 

01250  gave  01420  AgCl.     C1-.2809. 
01322     „     01503  AgCl.     CI  =  2811. 

CijUgOjCI,  requires  CI  -  2781  per  cent. 

This  substance  appears  to  be  identical  with  one  .of  the  products 
obtained  by  Schmidt  and  Schultz  (Bm-.y  1879, 12,  490  ;  AnncUerit  1881, 
QCn,  334)  by  the  action  of  phosphorus  pentachloride  on  y-diphenol. 
A  very  small  quantity  of  a  white  substance  melting  at  126^  was  thus 
produced ;  this  compound,  which  was  not  analysed,  being  taken  to  be 
a  trichlorodiphenol. 
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Experimenta  with  Dianisidine. 

A  dilute  solution  of  the  diazonium  salt  was  prepared  as  above  by 
substituting  12*2  grams  of  dianisidine  for  the  dichlorobenzidine.  On 
boiling,  a  very  dark  brown,  amorphous  substance  separated  which 
was  filtered  and  dried.  This  product  resembles  the  corresponding 
derivative  from  dichlorobenzidine  in  being  infusible,  and  also  insoluble 
in  alkalis  and  all  the  ordinary  solvents  : 

0-1735  gave  0-4386  CO2  and  00765  YLfi.     C  =  68*96  ;  H  =  4*90. 
Ci^HjgO^  requires  0  =  6882  ;  H  =  4-96  per  cent. 

By  boiling  with  hydriodic  acid  and  red  phosphorus,  a  light  brown 
addition  product  is  formed  which  easily  loses  hydriodic  acid  on 
warming  with  caustic  soda  solution.  No  reduction  product  could  be 
obtained. 

On  warming  with  acetic  atihydrido  and  sodium  acetate,  a  reddish- 
brown,  insoluble  addition  product  was  obtained,  from  which  the  original 
substance  was  regenerated  by  boiling  with  dilute  aqueous  caustic  soda. 

Many  experiments  which  were  made  in  the  hope  of  obtaining  the 
dihydroxy-compound,  especially  by  heating  the  concentrated  diazo- 
solution  with  strong  sulphuric  acid,  were  unsuccessful. 

The  two  diazo-groups  of  diazotised  dichlorobenzidine  decompose 
with  water  at  the  same  rate,  whilst  those  of  diazotised  dianisidine 
decompose  at  very  different  rates  (Cain  and  Nicoll,  loc.  cit.). 

It  might,  therefore,  be  expected  that  differently  constituted  con- 
densation products  would  be  formed  from  the  two  diazonium  salts,  and 
this  anticipation  has  been  confirmed  by  the  results  obtained  in  the 
foregoing  experiments. 

I  hope  to  be  able  to  extend  these  investigations  to  the  mono-ortho- 
substituted  diamines  of  the  same  series. 

Municipal  Technical  School, 
BuiiY,  Lanoashikb. 


LXX. — The  Mechanism  of  the  Reduction  of  Potassium 
Dichromate  by  Sulphurous  Acid, 

By  Hbnbt  Bassett,  jun.,  B.Sc.,  A.I.O. 

BsRTHiEB,  who  investigated  the  action  of  sulphur  dioxide  on 
solutions  of  potassium  dichromate  and  potassium  chromate  (Ann. 
Chim,     Fhya.,    1843,    7,    77),    stated    that    in     both     instances     a 
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mixture  of  RuIphaU  and  dithioDnte  wm  formed.  In  the  case  of  the 
efaromate  aolution,  a  precipitate  of  brown  chromium  hydroxide,  which 
wiia  first  formed,  dissolved  when  more  sulphur  dioxide  was  passed  into 
the  li(|uid.  As  Berthier  gave  do  details  of  his  work  and  as  the 
reduoiioo  of  potassium  diohromate  and  chromate  by  sulphurous  acid 
has  not,  so  far  as  I  can  discover,  been  studied  since  his  time,  it  seemed 
desirable  to  investigate  the  reaction  in  greater  detail. 

The*  two  reactions  involving  the  formation  of  sulphate  and  dithionate 
should  no  doubt  be  represented  in  the  following  manner  : 

K,Cr,07  +  4H^,-K,SOj  +  Cr,(SO,)3  +4H,0, 
KjCrjOy  +  THjSO,  -  K^,  +  Or^{S fi^\  +  7H,0, 

with  similar  equations  for  the  reduction  of  potassium  chromate  and 
chromic  acid. 

Experimental. 

Solutions  containing  known  amounts  of  sulphurous  acid  and  of 
potassium  dichromate  were  mixed  and  the  excess  of  sulphurous  acid 
estimated  with  iodine  and  sodium  thiosulphate  or  the  residual 
diromate  with  ferrous  ammonium  sulphate.  In  this  way,  the  potassium 
sulphite  will  obviously  be  estimated  along  with  the  sulphurous  acid, 
and  from  the  amount  of  sulphurous  acid  oxidised  by  a  known  quantity 
of  dichromate  the  relative  amounts  of  sulphate  and  dithionate  found 
can  be  calculated,  the  above  equations  indicating  that  the  amount  of 
sulphurous  acid  needed  to  produce  dithionate  is  double  that  required 
to  form  sulphate. 

The  sulphurous  acid  solution,  prepared  by  bubbling  sulphur  dioxide 
through  air-free  water,  was  kept  in  a  bottle  from  which  any  desired 
quantity  could  be  blown  into  a  pipette  by  a  current  of  carbon  dioxide, 
and  was  standardised  daily  by  adding  5  c.c.  to  excess  of  standard 
iodine  solution  and  titrating  with  a  standard  sodium  thiosulphate 
solution ;  the  strength,  which  was  found  to  remain  very  constant, 
diminished  by  only  0*7  per  cent,  in  three  weeks. 

The  experiments  were  performed  so  as  to  avoid  all  possible  loss  of 
sulphurous  acid.  An  Erlenmeyer  flask  containing  a  known  volume  of 
standard  chromate  solution  was  furnished  with  a  rubber  cork,  into 
which  were  fitted  a  T-piece  connected  with  a  Kipp's  apparatus,  a 
burette  containing  standard  iodine  solution,  and  a  glass  tube  leading 
to  a  flask  containing  standard  iodine  solution  with  an  outlet  tube  dip- 
ping into  a  small  flask  or  beaker  containing  potassium  iodide.  The 
air  in  the  apparatus  was  Jbsplaced  by  a  rapid  current  of  carbon  dioxide 
from  the  Kipp's  apparatus,  and  the  top  of  the  T-piece  closed  by  a 
piece  of  glass  rod  and  rubber  tubing.  A  pipette  with  a  slender  stem 
was  next  filled  with  the  sulphurous  acid  solution,  the  glass  rod  was 
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removed  (whilst  a  very  slow  current  of  carbon  dioxide  was  sent 
through  the  apparatus),  and  the  stem  of  the  pipette  fitted  into  the 
T-piece.  The  acid  solution  being  discharged  into  the  flask,  the  pipette 
was  rapidly  withdrawn  and  the  glass  rod  replaced.  The  flask  was 
then  shaken  and  50  c.c.  of  standard  iodine  solution  added,  whilst  any 
sulphur  dioxide  escaping  from  the  liquid  was  carried  over  into  standard 
iodine  and  thus  recovered.  After  a  few  minutes,  the  apparatus  was 
disconnected,  the  solutions  mixed  and  titrated  with  standard  thio- 
sulphate  solution,  a  well-defined  end  point  being  obtained  with  starch 
as  indicator  in  spite  of  the  green  colour  of  the  chromium  solutions. 

Standard  solutions  of  potassium  dichromate  and  chromate  were 
made  by  weighing  out  directly  the  recrystallised  salts,  whilst  the 
chromic  acid  solutions,  prepared  from  the  pure  trioxide  (free  from 
sulphuric  acid),  were  standardised  by  titration  against  •  ferrous  am- 
monium sulphate.  The  purity  of  these  reagents  was  also  checked  by 
gravimetric  estimations  of  the  chromium  as  lead  chromate. 


Preliminary   Experiments. 

On  adding  excess  of  sulphurous  acid  to  solutions  of  potassium  di- 
chromate, potassium  chromate  and  chromic  acid,  a  clear  green  solution 
is  obtained,  and,  judging  by  the  change  of  colour,  the  reduction  is 
instantaneous  ;  this  solution  slowly  becomes  violet,  but  the  change 
takes  several  weeks. 

In  these  preliminary  experiments,  very  weak  solutions  were  reduced, 
and  on  testing  with  barium  chloride  in  the  cold  no  precipitate  was 
obtained,  whence  it  must  be  concluded  that  no  SO^  ions  were  present. 
At  first  sight,  this  result  seemed  to  suggest  that  no  sulphate  had  been 
formed,  but  only  dithionate.  However,  on  estimating  the  quantity  of 
sulphurous  acid  oxidised  by  a  known  amount  of  dichromate  in  the 
manner  described,  it  was  found  that  very  little  more  sulphurous 
acid  than  was  necessary  to  form  chromium  sulphate  had  been  oxidised. 
Hence  the  amount  of  dithionate  produced  can  only  be  small. 

If  dilute  ammonia  solution  is  gradually  added  to  some  of  the  reduced 
bichromate,  no  precipitate  of  chromium  hydroxide  appears  at  any  point, 
and  consequently  no  chromium  ions  are  present.  The  solution,  how- 
ever, always  gives  a  precipitate  with  platinic  chloride,  thus  indicating 
the  presence  of  potassium  ions. 

If,  however,  the  reduced  dichromate  solution  was  heated  to  boiling 
for  a  few  minutes  or  allowed  to  stand  for  several  hours  before  testing 
with  barium  chloride  or  ammonia,  a  precipitate  was  always  obtained 
immediately,  showing  that  a  profound  change  had  taken  place  in  the 
solution. 

When  moderately  concentrated  solutions  are  employed,  a  precipitate 
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is  always  obUiAcd  with  barium  chloride  in  the  oold ;  thus,  10  o.o.  of 
potassium  dichromate  (coDtaining  0*245  gram  of  KiCriO^),  when  mixed 
with  10  e.e.  of  sulphurous  aoid  solution  (containing  02706  gram  of 
H|80g),  gave  an  immediate  precipitate.  If,  however,  some  dilute  hydro- 
chloric acid  was  added  before  the  barium  chloride,  no  precipitate  was 
obtained,  showing  that  eyen  in  this  case  SO^  ions  were  absent. 

When  sulphurous  acid  is  added  to  ezoess  of  chromic  acid  or  potassium 
dichromate  or  chromate,  the  dark  greenish-brown  solution  produced 
does  not  gire  the  reactions  of  chromium  or  SO^  ions  when  treated  in 
the  foregoing  manner.  The  dark  solutions  obtained  from  potassium 
dichromate  and  chromate  still  contain  sulphite  as  they  decolorise 
potassium  permanganate  and  iodine  solutions.  If,  however,  they  are 
acidi6ed  before  or  after  adding  the  sulphurous  acid,  the  resulting 
solution  no  longer  contains  sulphite.  Solutions  containing  excess  of 
chromic  acid  do  not,  under  any  oonditions,  decolorise  permanganate  or 
iodine. 


Analytical    Experiments, 

In  all  the  following  experiments,  the  various  solutions  were  added 
in  the  order  given,  and  in  those  indicated  in  the  first  two  tables  the 
solutions  have  the  following  concentration  :  in  10  c.c,  K^Crfi^^O-^id 
gram  and  H^Oj^  0*2852  gram.  The  iodine  solution  was  0*0937- 
normaL 


Excess  of 
H^O,. 


10  cc  K,Cr,0^  +  10  c.c.  H,SOg+50  cc 

iodine  '  0*0645  gram 

10  cc.  H^O,+10  cc  K,Cr,O7  +  50  ccl 

iodine  0*0636    „ 


UKeU  up. 


0-2207  gram 
0*2216    .. 


Mols.  of 
HaSOj  used 
by  1  mol.  of 

KjCrgOy. 


3-24 
3'S5 


If  only  sulphate  were  formed,  0*245  gram  of  potassium  dichromate 
would  oxidise  0*2044  gram  of  sulphurous  acid,  one  mol.  of  K^Or^O^ 
requiring  3  mols.  of  reducing  agent.  In  these  experiments,  the  iodine 
solution  was  added  directly  after  mixing  the  dichromate  and 
snlphorous  acid  solutions,  and  immediately  titrated.  It  was  found  that 
the  longer  the  iodine  was  left  in  contact  with  the  reduced  mixture 
before  titrating  with  thiosulphate,  the  more  iodine  was  reduced,  and 
moreover,  when  the  excess  of  iodine  was  titrated  immediately  after  its 
addition,  it  required  several  tenths  of  a  c.c.  of  xV/lO  iodine  solution  to 
re   the   blue   colour  to  the  starch  indicator,  showing   that  the 

3  A  2 
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solution  was  still  capable  of  reducing  iodine.  In  fact,  if  the  iodine 
solution  was  added  very  slowly,  the  addition  of  one  c.c.  was  sometimes 
necessary  before  a  permanent  blue  colour  was  obtained.  On  the  other 
hand,  where  the  iodine  had  been  left  in  contact  with  the  mixture  for 
some  hours  before  titration,  only  one  drop  of  iodine  was  required  to 
restore  the  blue  colour.  This  time  effect  is  due  to  a  slow  reduction  of 
the  iodine  and  not  to  any  change  within  the  mixture  of  dichromate 
and  sulphurous  acid,  for  some  of  this  mixed  solution,  which  had  been  left 
overnight  without  the  addition  of  iodine,  still  showed  the  effect  to  about 
the  same  extent.  The  explanation  of  this  curious  behaviour  will  be 
given  in  the  sequel. 

When  several  c.c.  of  dilute  sulphuric  acid  were  added  to  the 
potassium  dichromate  or  the  sulphurous  acid  before  the  addition  of 
the  sulphurous  acid  or  dichromate  respectively,  the  amount  of  iodine 
which  the  mixture  would  reduce  at  once  was  the  same  as  that  reduced 
by  the  mixture  of  dichromate  and  sulphurous  acid  when  left  in 
contact  with  the  iodine  for  several  hours.  If,  however,  the  sulphuric 
acid  was  added  after  mixing  the  reagents,  this  effect  became  almost 
inappreciable.      These  results  are  summarised  in  the  following  table  : 


Excess  of 
H^O,. 


HjSO, 
used  up. 


Mols.  of 
H3SO,  used 
by  1  niol.  of 

K,Cr,0,. 


10  CO.   KjCraOr+lO  c.c.  HaSOj  +  SOi  , 

C.C.  iodine  (titrated  at  once) |  00645  gram  |  0*2207  gram 

10  CO.   K,CraO7  +  10   c.c.    HjSOs-hSO 

c.c.  iodine  (mixed,  and  left  overnight 

before  titrating) 

10  c.c.    K^CrjOy  +  lO  c.c.    H,SO,  +  60 

C.C.    N/IO-U^O^  +  60    c.c.    iodinc|  I 

(titrated  at  once)    '  0*0667     ,,     '  0*2196 

50  C.C.  JV/10-H,SO4  +  10  C.C.  KaCr307+  I 

10  C.C.  H^0,  +  60  C.C.  iodine  (titrated 

at  once)    

60  c.c.  y/lO-HaSOj  +  lD  c.c.  H,80,+ 

10    C.C.    KaCr^Of  +  60    cc.    iodine 

(titrated  at  once)    


0*0687 


0-0687 


0*0691 


0*2165 


0*2166 


0*2161 


3*24 
3*18 
3*22 
818 
817 


Moreover,  in  experiments  (d)  and  (a),  one  drop  of  iodine  was  suffi- 
cient to  restore  the  blue  colour  of  the  mixture,  hence  we  may  conclude 
that  the  amount  of  sulphurous  acid  used  in  experiments  (6),  (</),  and 
(e)  represents  the  amount  of  sulphurous  aoid  oxidised  by  0*245  gram 
of  potassium  dichromate,  and  that  consequently  about  6  per  cent,  of 
dithionate  is  formed,  since  only  0*2044  gram  of  the  aoid  would  be 
ozidiflod  if  sulphate  alone  were  produced.     In  another  series  of  com- 
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|MU«lito  •zperimenU,  about  5  per  cent  of  dithtoDaie  wm  formed  ;  the 
quantity  apparently  varied  from  4*5  to  6  per  cent,  similar  quantiiiee 
being  produoed  when  the  aulphurouB  acid  waa  prepared  and  kept  in 
the  dark.  Hydrochloric  acid  waa  found  to  have  the  aao&e  effect  aa 
sulphuric  acid. 

Further  ezperimenta  ahowed  that  when  aulphuric  acid  ia  added  to 
the  dichromate  ita  reactiona  are  maaked.  Thua,  to  5  c.c.  of  K^Cr^O^ 
(-0*1235  gram  K^Cr^O,)  were  added  10,  25,  and  even  50  c.c.  of 
i^/lO-H^^  followed  by  5  c.c.  of  H^O,  (-0140  gram  H^SO,) ;  25 
cc  of  weak  hydrochloric  acid  (about  1*6  ^  were  then  introduced 
and  the  mixture  at  once  tested  with  barium  chloride.  The  green 
solution,  which  remained  perfectly  clear  for  several  minutes,  then 
became  cloudy  and  a  precipitate  rapidly  formed,  whereaa  the  same 
amounts  of  sulphuric  and  hydrochloric  acids  made  up  to  the 
same  volume  gave  an  immediate  precipitate  with  barium  chloride. 

If  the  aulphuric  acid  was  added  after  the  sulphurous  acid,  its  re- 
actions were  masked  in  the  same  way.  If  hydrochloric  acid  is  not 
added  before  testing  with  barium  chloride,  the  solutions  must  be 
dilated  to  about  l/250th  normal  with  regard  to  sulphuric  acid,  other- 
wise a  precipitate  is  obtained  immediately.  In  the  case  of  solutions 
which  contain  large  amounts  of  added  sulphuric  acid,  it  is,  however, 
difficult  to  prevent  the  immediate  formation  of  a  precipitate  with 
barium  chloride  without  adding  some  hydrochloric  acid.  Potassium 
sulphate  was  also  taken  up  in  the  same  way  as  sulphuric  acid,  so  that 
it  gave  no  precipitate  with  barium  chloride  when  tested  in  the  manner 
indicated,  but  this  did  not  affect  the  amount  of  iodine  reduced. 

Since  the  freshly  reduced  green  solutions  do  not  give  the  reactions  of 
chromium  or  SO^  ions,  but  only  those  of  potassium,  it  seems  highly  prob- 

ablethat  thesolutionscontain  TrgQ'^Or2(SO^)2,  formed  aa  an  intermedi- 
ate componnd  when  potassium  dichromate  is  reduced.  This  compound, 
which  ia  analogous  to  the  chromosulphates  prepared  and  investigated 
by  Recount  {Compt.  rend,,  1892,  114,  477),  is  the  potassium  salt  of 
a  complex  chromosulphuric  acid,  and  consequently  ita  freshly  prepared 
solution  would  not  give  the  reactiona  of  chromium  or  SO^  ions.  The 
compound,  however,  f lowly  decompoaea  into  potaasium  sulphite  and 
chromium  aolphate,  which  then  give  the  usual  reactions  with  ammonia 
and  barinm  chloride. 

If  the  green  aolutiona  employed  are  moderately  concentrated,  a  pre- 
cipitate, probably  consisting  of  barium  chromosulphate,  is  always 
obtained  with  barium  chloride,  in  the  cold  (see  Recoura,  loc.  cU.),  but 
the  preaence  of  hydrochloric  acid  prevents  its  formation. 

The  compound  iraix*^Orf{QOJ^  would  be  partly  a  complex  sulphite, 
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and  it  is  very  probable  that  this  compound  would  not  reduce  iodine  so 
quickly  as  an  ordinary  simple  sulphite  such  as  K2SOS,  hence  the  effect 
of  time  on  the  amount  of  iodine  reduced  by  the  green  solution, 
whereas  no  'such  time  effect  could  be  observed  in  the  reduction  of 
iodine  by  potassium  sulphite. 

The  addition  of  sulphuric  or  hydrochloric  acid  to  the  dichromate 

solution  probably  leads  to  the  formation  of  the  acid  ttcq*x^CV2(S04)2, 

which  at  once  reduces  iodine  as  indicated  below,  or,  in  the  case  of 

sulphuric  acid,  perhaps  i^oQ^!x^(^r2(^^4)2  ^"^  ^^®®  sulphurous  acid  are 

formed,  for,  as  has  been  shown,  the  reactions  of  the  added  sulphuric 
acid  are  masked.  When  the  sulphuric  acid  is  added  subsequently  to 
the  reduction  of  the  dichromate,  it  does  not  eliminate  the  time  effect 
on  the  reduction  of  the  iodine,  but  yet  its  reactions  are  masked,  hence 

it  may  be  concluded  that  compounds  such  as  T^oQ^x^Cro(HS04)*S04 

are  formed  analogous  to  the  di-,  tri-,  and  other  poly-chromosulphuric 
acids  prepared  and  investigated  by  Kecoura  {Bull.  Soc.  chim.,  1893, 
9,  586;  Compt.  rend.,  1893,  116,  1367),  who  states  (Compt.  rend.^ 
1892,  114,  477)  that  chromosulphuric  acids  can  be  prepared  by  adding 
sulphuric  acid  to  a  solution  of  the  green  chromium  sulphate.  The 
reactions  described  above  seem  to  take  place  in  a  somewhat  similar 
manner.  It  may  be  mentioned  here  that  when  25  c.c.  of  i\710  sul- 
phuric acid  have  been  added  to  5  c.c.  of  potassium  dichromate 
(  =  0*1225  gram  KjCrgOy),  as  in  the  experiment  just  described,  suf- 
ficient acid  is  present  to  form  Recoura's  acid,  (HS04)gCr2,  and  it  is 
not  easy  to  see  what  becomes  of  the  acid  added  and  taken  up  in 
excess  of  this  amount ;  the  formation  of  pyrosulphuric  acids,  such  as 
(HS207)gCr2,  seems  improbable. 

In  the  cases  already  mentioned,  where  the  dark  solutions  containing 
excess  of  chromato  or  chromic  acid  behave  in  a  very  similar  way  to 
the  green  ones  containing  excess  of  sulphurous  acid  and  do  not  give 
the  reactions  of  chromium  or  SO4  ions,  it  seems  reasonable  to  assume 

that  a  compound     ngQ  >Cr2(SO^)2,*  or  its  potassium  salt,  exists, 

together  with  a  certain  amount  of  the  salt  y's.rfy^^^J^^Aiv  ^^®*^  ^^" 

phite  is  also  present. 

The  influence  of  temperature  on  the  oxidation  of  sulphurous  acid  by 
potassium  dichromate  was  next  investigated,  and  it  was  found  that  the 
same  amount  of  dithionate  was  formed  within  the  limits  0^  and  85°. 

*  Such  compounds  have  boen  prepared  by  Recoara  {BhII,  Soc  chim,,  1897,  18, 
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In  the  following  experimenU,  the  sulphurous  acid  was  added  slowly 
to  the  dichromate  (or  dichromata  and  sulphuric  acid)  at  about  85", 
and  the  iodine  was  introduced  after  cooling  the  mixture.  The 
•oltttion  of  dichromate,  sulphurous  acid,  and  iodine  had  the  same 
ooDoeDtrations  as  those  employed  in  the  experiments  indicated  in  the 
preceding  Ubles. 


10  cc  K|Cr,0,-MO  c.c.  H^O,  +  50  c.c. 

iodiii«    

60  cc  iVyiOHtSO^  +  lOcc.  K,Cr,0,+ 

lOcc.  H^O,  +  60cc.  ioaine  


Ezoessof 
H^O,. 


r  0*0022  gram 
\  0  0682    „ 
/ 0-0716    „   : 
\0-0716    „    ' 


H,SO, 
uaed  up. 


0*2230  gram 
0-2220     „ 
0-2136     ,, 
0  2136     „ 


Mola.  of 
HrSO,  tia«d 
by  I  niol.  of 

KjCrjO,. 


8  27 
3-25 
314 
3-U 


In  the  next  series  of  experiments,  the  dichromate  (or  dichromate  and 
sulphuric  acid)  was  cooled  in  ice  before  adding  the  sulphurous  acid. 


Excess  of 


5  cc  K,Cr/>,  (  =  01226  gram) +  10  c.c.| 
H^,(=01056grani)  +  60  c.c  iodine! 
(0-0878  normal) 0-1021  gram 

25  cc  JVyiO-H^O^  +  e  cc  KjCrA  +  lo! 
cc  H^0,  + 50  cc  iodine   0-1044     ,, 


HJ50, 
used  up. 


0*1091  gram 
01068     „ 


Mols.  of 
HjSOj  used 
by  1  mol.  of 

K,Cr,07. 


3-20 
314 


in  another  experiment,  0*2763  gram  of  H^SO,  was  added  to  20  c.c. 
of  the  dichromate  solution  (  ^  0*49  gram  of  K^Cr^Oy) ;  the  unreduced 
dichromate,  estimated  by  titration  with  ferrous  ammonium  sulphate, 
was  found  to  be  0*177  gram  of  dichromate,  showing  that  only  0*313 
gram  had  been  reduced.  Now,  as  0*2763  gram  of  sulphurous  acid 
would  reduce  0-331  gram  of  potassium  dichromate  if  sulphate  alone 
were  formed,  it  will  be  seen  that  about  6  per  cent,  of  dithionate  has 
been  produced,  as  in  the  other  cases  in  which  excess  of  sulphurous 
acid  was  employed.  The  addition  of  sulphuric  acid  to  the  dichromate 
before  adding  the  sulphurous  acid  had  no  effect  on  the  reaction. 

As  was  to  be  expected,  the  same  percentage  of  dithionate  is  formed 
whether  sulphurous  acid  is  oxidised  by  potassium  chromate,  by 
chromic  acid,  or  by  dichromate.     In  the  experiments  with  potassium 
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chromate,  the  current  of  carbon  dioxide  in  the  mixing  flask  was 
replaced  by  a  current  of  hydrogen,  since  the  former  gas  converts  the 
chromate  into  dichromate. 

The  solution  of  potassium  chromate  contained  0*2586  gram  in  10  cc, 
whilst  the  sulphurous  acid  had  a  concentration  of  0  2684  gram  HjSO, 
in  10  c.c,  the  iodine  solution  was  0*0696  normal. 


Mob.  of 

Excess  of 

H^O, 
used  np. 

H,S03  u.sed 

H^O,. 

by  2  mols.  of 

KjCrO^. 

10  c.c.  KjCrO^  +  lO  c.c.  H,S03  +  75  c.c 

iodine  (titrated  at  once)    

0*0885  gram 

0  1 799  gram 

3*29 

10   c.c.  KoCr04+10  c.c.  H2SO3  +  75  c.c. 

iodine  (left  overnight  before  titrating).. 

0-0958    „ 

01726    „ 

316 

10  c.c.  KjCrO^  +  lO  c.c.  H2SO3  (  =  0-2108 

gram    HoSOgj  +  SO   c.c.  iodine   (0-0964 

normal)  (left  overnight  before  titrating). 

0*0368     ,, 

0-1740     „ 

1 

818 

If  only  sulphate  were  formed,  2  mols.  of  potassium  chromate  would 
have  oxidised  3  mols.  of  sulphurous  acid.  The  same  amount  of  dithionate 
was  produced  when  excess  of  potassium  chromate  was  used. 

As  shown  by  Berthier  (loc.  cit.)^  if  sulphurous  acid  is  added  to 
excess  of  potassium  chromate,  a  precipitate  of  the  brown  chromium 
hydroxide  is  obtained.  If  the  solutions  are  weak,  however,  a  dark 
brown  solution  results  which  deposits  a  brown  precipitate  on  boiling. 
Dark  brown  solutions  are  also  obtained  when  sulphurous  acid  is  added 
to  excess  of  potassium  dichromate  or  chromic  acid,  but  no  precipitate 
is  formed,  even  on  boiling.  If,  however,  some  ammonia  solution  is 
added,  a  precipitate  of  brown  chromium  hydroxide  is  obtained  either 
at  once  or  on  boiling.  This  difference  in  behaviour  is  simply  due  to 
the  excess  of  potassium  chromate  acting  as  an  alkali,  for  if  solutions 
of  potassium  chromate  and  chrome  alum  are  mixed,  a  similar  precipi- 
tate of  chromium  hydroxide  is  produced. 

In  some  similar  experiments  with  chromic  acid  solutions,  it  was 
found  that  sulphuric  acid  had  no  influence  on  the  amount  of  iodine 
reduced,  and  no  time  effect  was  observed.     It  would  appear,  therefore, 

that  the  acid   TTgQ^^<)rj(S04)j  reduces  iodine  at  once. 

Id  the  following  experiments,  10  0.0.  of  the  chromic  acid  and 
sulphurous  acid  solutions  contain  0*165  and  0*2108  gram  of  their 
respective  reagents ;  the  iodine  solution  employed  was  0*0964  normal. 

0*165  gram  of  chromic  acid  should  oxidise  0*203  gram  of 
sulphurous  acid  to  sulphate. 
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10  cc.   CiOs  +  lS    c.c    H^Os  +  &0   c.c 
iodine  


H^,-h50c.c  iodine  


KXCOM  <  t 


O'lOStf  gram 
01035    ,, 


MoU.  of 
II.><r  ll^SO,  UM^*1 

^  J  up.       by  2  moll,  of 
CrO,. 


0-2126  grmm  8*14 

0-2127     ,,  8  14 


.  to  which  sulphuric  acid  or  potassium  sulphate  has 

tijo  ilichroinate  solutions,  do  not  show  the  presence  of 

the  sulphate  iou. 

'  was  performed  in  which  0-2126  gram  of  sulphurous 

a  10  c.c.  of  the  chromic  acid  solution  (that  is,  the 
r\  lot  quantity  required  to  reduce  that  amount  of  chromic  acid).  The 
It  Milting  green  solution,  when  sufficiently  diluted,  did  not  give  a 
precipitate  with  either  barium  chloride  or  sodium  phosphate,  so  that  it 
evidently  contained  Recoura's  green  chromium  sulphate  {BiUL  Soc. 
c/iim.^  1892,  7,  200),  which,  whatever  be  its  constitution,  cannot  con- 
tain SO^  ions. 

A  few  experiments  were  made  to  ascertain  whether  the  dithionate 
could  be  satisfactorily  estimated  gravimetrically.  The  reduced 
chromate  solutions  were  precipitated  with  barium  hydroxide,  excess  of 
which  was  removed  by  carbon  dioxide.  The  filtrate  from  the  pre- 
cipitate was  evaporated  and  the  dithionate  present  converted  into 
barium  sulphate.  The  gelatinous  nature  of  the  precipitate,  however, 
made  it  practically  impossible  to  remove  the  dithionate  completely  by 
washing  ;  the  dithionate  is  probably  present  in  the  precipitate  as  a 
chromodithionate,  and  consequently  these  experiments  were  abandoned 
as  being  unsatisfactory.  That  dithionate  is  formed  during  the  reaction 
is  shown  by  the  fact  that  the  residue  of  barium  dithionate  gave  the 
theoretical  quantity  of  barium  sulphate  : 

0-0372  gnm  BaS,0^2H,0  gave  0  0265  gram  BaSO^  (calculated, 
0*0260  gram  BaSO^. 


» 


Electrolytic  Experimenti. 

Some  electrolytic  experiments  were  tried  with  the  reduced  green 
solutions,  which  showed  in  a  very  clear  way  the  character  of  the  com- 
pounds in  solution.  A  solution  containing  chromic  acid  reduced  by 
a  slight  excess  of  sulphurous  acid  was  electrolysed  beneath  weak 
sulphuric  acid  in  the  manner  described  in  a  previous  paper  (Donnan 
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and  Bassett,  Trans.,  1902,  81,  939).  The  current  employed  varied 
from  0*02 — 0*03  ampere,  and  gradually  diminished  during  the  experi- 
ment owing  to  the  cathode  becoming  polarised  by  a  slight  deposit  of 
chromium  hydroxide. 

On  electrolysing  the  freshly  reduced  solution,  both  the  cathode  and  anode 
boundaries  moved  up  towards  their  respective  electrodes  to  about  the 
sameextent  (about  r5  cm.  in  an  hour),  but  the  anode  boundary  was  green 
while  the  cathode  boundary  was  distinctly  violet.  After  the  reduced 
solution  had  been  kept  for  four  hours,  another  sample  was  electrolysed 
under  precisely  similar  conditions,  and  in  this  case  it  was  found  that 
the  violet  cathode  boundary  moved  up  twice  as  fast  as  the  green  anode 
boundary. 

Another  portion  of  the  reduced  solution,  after  being  kept  overnight, 
was  treated  in  the  same  way,  and  this  time  the  violet  cathode 
boundary  was  found  to  move  upwards,  whilst  the  green  anode  bound- 
ary remained  practically  stationary. 

These  three  experiments,  performed  with  the  same  reduced  green  solu* 
tion  under  precisely  similar  conditions,  show  very  clearly  how  the  con- 
stitution of  the  substance  in  solution  changes.  The  solution  evidently 
contains  a  green  negative  complex  ion  (consisting  of  chromium  and 
SO4)  which  travels  towards  the  anode,  and  which  gradually  decom- 
poses into  violet  positive  ions  and  SO^  ions.  Reduced  potassium 
dichromate  solutions  behaved  in  the  same  way. 

Similar  experiments  were  tried  with  a  chrome  alum  solution  which 
had  been  rendered  green  by  heating  and  then  cooled  down.  Exactly 
similar  results  were  obtained  as  with  the  reduced  solutions,  that  is  to 
say,  a  green  boundary  moved  up  towards  the  anode  while  a  violet 
boundary  approached  the  cathode.  From  this  experiment,  it  seems 
highly  probable  that  the  green  colour  of  chrome  alum  solutions  which 
have  been  heated  is  due  to  the  formation  of  chromosulphate.  This 
probability  is  strengthened  by  the  fact  that  chromosulphates  can  be 
prepared  by  heating  the  solid  alums  (Recoura,  Bull.  Soc.  chim.,  1893, 
9,  586). 

Summary  of  Results. 

When  potassium  dichromate,  potassium  chromate,  or  chromic  acid 
is  reduced  by  sulphurous  acid,  94 — 95  per  cent,  of  sulphate  is  formed 
together  with  5 — 6  per  cent,  of  dithionate,  the  amount  of  the  latter 
produced  being  independent  of  the  temperature. 

The  freshly  reduced  solutions  do  not  give  the  reactions  of  chrpmium 

or  of  80^  ions,  and  appear  to  contain  a  compound  j^gQ'^Cr,(SO^)j  (or 
the  oorrespoDding  acid),  which  slowly  decomposes  into  Or,(S04),  and 
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KjBO^  If  Kulphunc  acid  or  poUsaium  sulphato  U  added  to  ibaM 
iioluUoDs,  the  reactions  of  SO4  are  not  giyen  by  the  resulting  mixture. 
It  seems  possible  that  one  molecule  of  ohromium  sulphate  may  mask 
the  reaetion  of  as  many  as  six  molecules  of  sulphuric  ncid. 

Klectrolytio  experiments  show  that  the  green  solutions  contain  a 
green  anion  which  slowly  decomposes  into  violet  chromium  cations 
and  SO4  ions. 

In  conclusion,  I  wish  to  express  my  best  thanks  to  Sir  William 
Ramsay  for  advice  and  for  the  interest  he  has  taken  in  these 
experiments. 

Chemical  Laboratory, 

Univrrsitt  Collbge,  London,  W.C. 


LXXI. — The  Velocity  and  Mechcinism  of  the  Reaction 
between  Potassium  Ferricyanide  and  Potassium 
Iodide  in  Neutral  Aqueous  Solution. 

By  F.  G.  DoNNAN  and  B.  Le  Kossignol. 
IfUroduction. 

Whin  potassium  ferricyanide  and  potassium  iodide  react  in  neutral 
aqueous  solution,  potassium  ferrocyanide  and  free  iodine  are  gradually 
produced.  Conversely,  a  solution  of  iodine  in  potassium  iodide  oxidises 
ferrocyanide  to  ferricyanide.  In  both  cases,  a  definite  state  of  equi- 
librium is  attained,  which  may  be  expressed  by  the  equation  : 

2KI   +   2K3Fe(CN)a     ^     2K^Fe(CN)g   +   I^. 

A  rough  preliminary  experiment,  in  which  the  amount  of  free  iodine 

(as  I]  or  I3)  was  estimated  by  rapid  titration  of  the  cooled  and 
dilated  reaction  mixture,  showed  that  the  equilibrium  could  be 
approached  from  either  side.  E.  Rupp  and  A.  Schiedt  {Ber.,  1902,  36, 
2430)  have  shown  that  potassium  ferrocyanide  can  be  estimated  by 
oxidation  to  ferricyanide  in  presence  of  excess  of  iodine  and  titration 
of  the  excess  of  iodine  by  thiosulphate  after  a  certain  interval  of 
time  {I — 1  hour).  They  make  no  mention,  however,  of  the  reversi- 
bility of  the  reaction  in  neutral  solution.  We  have  repeated  some  of 
these  measorements  ana  our  attention  was  at  once  drawn  to  the 
ftTirtence  of  the  reverse  reaction,  inasmuch  as  after  the  end-point  with 
thiosulphate  has  been  reached,  free  iodine  soon  reappears  in  the 
solution  owing  to  interaction  between  the  ferricyanide  and  the  potass* 
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ium  iodide.  As  shown  in  the  present  paper,  however,  the  velocity  of 
this  reaction  diminishes  rapidly  with  decrease  of  the  iodide  concentra- 
tion. Possibly,  therefore,  the  reverse  reaction  escaped  the  attention  of 
Kupp  and  Schiedt  owing  to  the  employment  of  less  concentrated  iodine 
solutions.  The  fact  that  practically  complete  oxidation  of  the  ferro- 
cyanide  to  ferricyanide  can  be  obtained  must  be  due  to  the  excess  of 

free  iodine  (as  I3)  in  the  solutions  employed. 

Looking  at  the  reaction  from  an  ionic  point  of  view,  we  may  write 
it  simply  as  follows,  since  all  the  salts  occurring  in  the  reaction  are 
highly  dissociated : 

21   +   2F7(CN)e    :^     2F^CN)6   +   l^. 

So  far  as  the  oxidation  of  potassium  iodide  by  ferricyanide  is  con- 
cerned, it  would  be  possible  to  express  the  mechanism  of  the  reaction 
in  a  still  simpler  manner  by  dividing  the  main  reaction  into  two 
successive  ones : 

(i)  I  +  Fe7cN)„  =  Fe"(CN)e  +  I ;       (ii)  I  +  I  =  I2. 

On  the  plausible  assumption  that  the  second  reaction  occurs  with 
immeasurably  great  speed,  the  oxidation  of  potassium  iodide  by  ferri- 
cyanide might  be  regarded  as  a  simple  bimolecular  reaction.  It  will  be 
seen  in  the  sequel,  however,  that  such  is  very  far  from  being  the  case. 

In  the  following  experiments,  the  order  and  course  of  this  reaction 
have  been  investigated  in  order  to  gain  some  insight  into  the  mechan- 
ism of  the  process.  The  disturbing  effect  due  to  the  reverse  reaction 
between  iodine  and  potassium  ferrocyanide  has  been  avoided  by  adopt- 
ing the  method  originally  employed  by  Harcourt  and  Esson  in  their 
classical  research  on  the  speed  of  reaction,  which  consists  in  adding  to 
the  reacting  mixture  successive  quantities  of  a  solution  of  sodium  thio- 
sulphate  and  noting  the  times  when  free  iodine  makes  its  appearance  as 
indicated  by  starch.  In  this  way,  the  free  iodine  is  removed  as  fast  as 
it  is  formed,  being,  in  fact,  continually  reconverted  into  ionic  iodine. 
This  method  possesses  also  the  great  advantage  that  the  concentration 
of  the  iodine  ions  does  not  alter  to  any  appreciable  extent  during  the 
reaction,  so  that  in  a  given  case  the  order  of  the  reaction  is  determined 
solely  by  the  number  of  the  ferrocyanide  ions  taking  part  in  the 
process. 

MeUiod  of  MmuwrwynU. 

Equal  volumes  of  solutions  of  potassium  iodide  and  recrystallised 
potassium  ferrocyanide,  which  had  been  previously  brought  to  a  con- 
stant temperature  in  the  thermostat,  were  rapidly  mixed  and  the  time 
noted.     A  known  quantity  of  sodium  thiosulphate  solution,  correspond- 
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ing  to  aboat  10  per  cent,  of  the  total  iodine  liberated  in  the  complete 
reaotton,  was  immediately  added  together  with  a  small  amount  of 
•tardi*  As  soon  as  the  colour  of  the  starch-iodine  compound  appeared, 
ihm  time  was  noted  and  another  similar  quantity  of  thioaulphate  solu- 
tion introduced,  this  operation  being  repeated.  In  order  to  avoid  any 
appreciable  change  in  volume  due  to  the  successive  quantities  of  thio- 
sulphate  eolation  added,  the  latter  was  employed  in  a  very  concentrated 
form,  ibont  0*23  cc  being  added  each  time  from  a  very  small  pipette. 
Preliminary  experiments  had  shown  that  the  amount  added  in  this  way 
was  constant  to  one  part  in  a  thousand,  provided  that  the  pipette  was 
rinsed  each  time  into  the  reaction-mixture  by  sucking  the  latter  up 
into  the  pipette  once  or  twice.  All  the  experiments  recorded  in  this 
paper  were  carried  out  at  a  constant  temperature  of  34*7°.  The  Gotze 
tbermoiiMter  (divided  into  l/lOths)  employed  in  the  thermoetat  was 
cheeked  against  a  normal  thermometer  which  had  been  calibrated  by 
the  Reichsanstalt. 

Experimental  Results. 

The  velocity  of  the  reaction  may  be  represented  by  an  equation  of 
the  form 

-  dc,/dt   =  fc,-c,-, 

where  c,  and  e,  represent  the  concentrations  of  the  ferricyanogen  and 
iodine  ions  respectively,  and  m  and  n  the  number  of  these  ions  taking 
part  in  the  reaction. 

In  the  calculation  of  the  velocity-constant,  we  have  in  general 
assumed  the  concentration  of  the  ions  to  be  pro()ortional  to  the  con- 
centration of  the  dissolved  salt.  In  the  case  of  the  potassium  ferri- 
cyanide,  this  assumption  can  lead  to  no  appreciable  error,  as  the 
solutions  employed  were  all  very  dilute  (iV/20  to  NjSO).  The  potassium 
iodide  solutions  employed  were  rather  more  concentrated  (iV/2  to  iV/4), 
owing  to  the  slowness  of  the  reaction  in  dilute  solutions,  but  in  this 
case  a  correction  for  varying  ionisation  has  been  introduced  by  means 
of  the  known  values  of  the  electrical  conductivities  obtained  from 
Kohlranseh  and  Holbom's  LeUveruwgeu.  The  investigation  involved 
the  determination  of  the  exponents  m  and  n. 

Determination  oj  m. 

In  the  following  series  of  experiments,  the  concentration  of  the  potass- 
ium iodide  was  in  every  case  initially  seminormal,  and  as  this  does  not 
alter  during  the  course  of  the  reaction,  the  velocity  equation  takes  the 
following  form  : 

-  dc^idt   -    (itc,-).c,-    -    Kc^"^ 

where  K=hc^.     The  order  of  the  reaction  is  therefore  the  same  as  m. 
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Since  the  total  quantities  of  thiosulphate  converted  into  tetrathionate 
are  known  for  a  certain  number  of  intervals  of  time  during  the  course 
of  the  reaction,  the  corresponding  concentrations  of  ferricyanide  can 
be  calculated  from  the  equivalent  relationships  Na2S203=I=K3Fe(CN)g. 
In  the  following  tables,  c  =  concentration  of  ferricyanide  (grams  per 
litre),  t=  time  (minutes). 

Table  I. 

Cq  =  Initial  concentration  of  ferrocyanide  =  N/iO. 
Constant  concentration  of  potassium  iodide  =  N/2. 


& 

^* 

w  =  l, 
K='i/nogcJc. 

4-75 
11-17 
19-18 
29-47 
43-51 
63-67 

m  =  2,  K=l/t(l/c-l/c^). 

Expt.  I. 

0-00282 
0  00271 
0  00268 
0  00270 
0-00272 
0  00276 

Expt.  II. 

7-425 
6-615 
6-803 
4-992 
4-180 
3*869 

4  72 
11-00 
18-97 
29-21 
43-18 
63-55 

0-0219 
0-0198 
0-0185 
0-0171 
00158 
0-0149 

0-00280 
0  00267 
0-00266 
0-00268 
0  00270 
0  00275 

Mean 

0-00273 

0*00271 

In  spite  of  a  slight  tendency  to  diminish  to  a  minimum  and  then 
increase,  the  values  of  K  calculated  for  m  =  2  exhibit  such  a  degree  of 
constancy  that  the  equation  indicating  a  bimolecular  reaction  must  be 
regarded  as  the  appropriate  one. 

Experiments  were  now  made  in  which  the  initial  concentration  of 
the  potassium  ferricyanide  was  varied,  that  of  the  potassium  iodide 
being  the  same  as  before.  The  results  are  recorded  in  Tables  II 
and  III,  where  o  and  t  have  the  same  meanings  as  in  Table  I. 


Table  II. 

Cq  » Initial  concentration  of  ferricyanide  =  ^/20. 
Constant  concentration  of  potassium  iodide  =  iV/2. 


e. 

L 

8-91 
970 
16-82 
26-00 
88-40 
68-40 

jr=i/«(i/c-iM 

14*862 

18-280 

11-606 

9-984 

8-860 

6*788 

0*00169 
0  00164 
0  00168 
0-00162 
000161 
0-00160 

Mean...  000166 
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Table  HI. 

c^^  Initial  conoentratioD  of  potassium  f erricyanide  >- i^/80. 
OoDslant  oonoeDtration  of  potassium  iodide  ■■  Nj'I. 


<•. 

/. 

8718 

6-66 

8-807 

12-77 

3^1 

21-87 

f4M 

88-70 

S-000 

49*76 

1-684 

7800 

A'=lA(l/'--l/rJ. 


000477 
000465 
0-00465 
0  00467 
0  00474 
0-00481 


Mean...  0  00472 


The  results  recorded  in  Tables  I,  II,  and  III  exhibit  a  remarkable 
peculiaritj.  The  value  of  the  velocity-coefficient  K  appears  to  vary 
with  the  initial  concentration  of  the  potassium  ferricyanide,  becoming 
grtalar  as  the  latter  diminishMi  'as  may  be  seen  from  the  following 
summary  of  results  : 


Initial  concentration  of  ferricyanide 

Value  of   K  (coefficient  of  the  bi- 

molecular  reaction)   


iV/20 


iV/40  JV780 


0-00156         000272       000472 


II 


This  variation  of  K  cannot  be  ascribed  either  to  varying  ionisation 
or  to  any  of  the  ordinary  disturbing  effects  arising  from  the  products 
of  the  reaction,  since  these  would  in  general  exert  an  influence  during 
the  course  of  the  reaction,  whereas  the  foregoing  results  show  that  the 
value  of  K  is  practically  constant  under  these  conditions.  It  is  clear 
that  this  ooeffideQt  is  a£fected  by  some  factor  which  remains  constant 
during  a  particular  series  of  experiments,  but  which  varies  from  one 
series  to  another.  One  such  possible  factor  satisfying  these  conditions 
is  the  total  oonoentration  of  ferrocyanogen  jlui  Jerricyanogen  ions. 
ThuSyin  the  reaction,  the  course  of  which  is  recorded  in  Table  II,  when 
the  initial  concentration  of  the  ferricyanide  was  ^720,  it  is  found 
that  the  value  of  the  velocity-coefficient  K  is  0*00151,  as  calculated 
for  a  point  when  the  reaction  has  proceeded  to  about  50  per  cent. , 
that  is,  when  the  concentration  of  the  ferricyanide  has  fallen  to  about 
3740,  whereas  on  starting  with  an  .V/40  solution  of  ferricyanide,  as 
in  Table  I,  the  value  0*00281  is  obtained  for  this  constant.  In  the 
former  case,  however,  the  solution  is  i>740  with  respect  to  ferrocyanide, 
whilst  in  the  latter  it  contains,  initially,  none  of  this  salt.  The  value  of 
the  bimolecular  reaction-coefficient  appears  at  first  sight  to  be  lowered 
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by  the  presence  of  the  ferrocyanide,  but  it  is  evident  that  it  cannot  be 
concluded  that  the  ferrocyanide  itself  exercises  a  retarding  influence 
on  the  velocity  of  the  reaction,  since  this  is  not  in  accordance  with  the 
constancy  of  K  during  the  course  of  any  particular  reaction.  The  only 
inference  permissible,  as  far  as  the  above  results  are  concerned,  is  that 
the  velocity-coefficient  is  a  function  of  the  total  ferro-  plus  ferri- 
cyanogen  concentration,  and  that  this  function  increases  with  a 
decreasing  value  of  the  variable.  This  statement  is  confirmed  by  the 
following  series  of  observations,  the  object  of  which  was  to  ascertain  the 
value  of  K  in  9k  case  where  the  concentration  of  the  reaction-mixture 
was  initially  iV^/40  with  respect  to  both  ferro-  and  ferri-cyanides. 


Table  IV. 

Cq = Initial  concentration  of  potassium  f  erricyanide  or  ferrocyanide  =  iVy 40. 
Constant  concentration  of  potassium  iodide  =  i\72. 


e. 

t. 

ir=i/<(i/c-i/^). 

7-405 
6-680 
5-750 
4-918 
4-038 
3-259 

10-06 
20-56 
84  03 
49-17 
-  78-17 
129 

0-00185 

0-00149 
0-00154 
0-00167 
0  00158 
000144 

Mean...  0  001 51 

Although  the  values  of  K  exhibit  a  slight  maximum,  the  mean, 
000151,  is  in  very  close  agreement  with  the  mean  value  000156, 
calculated  in  the  case  where  the  solution  was  initially  iVy20  with  respect 
to  ferricyanide  and  contained  initially  no  ferrocyanide  (see  Table  II). 

In  both  cases,  the  solution  remained  A^/20  throughout  the  course  of 
the  reaction  with  respect  to  ferricyanide  plus  ferrocyanide,  and,  in  fact, 
the  experiment  recorded  in  Table  IV  may  be  regarded  as  a  direct  con- 
tinuation of  the  former  experiment  (Table  II). 

Thus  far,  only  a  formal  statement  of  the  results  of  the  experiments 
has  been  indicated  ;  their  interpretation  is  a  more  difficult  matter. 
The  reaction  appears  to  be  bimolecular  with  respect  to  the  ferricyanogen 
ions,  but  the  velocity  coefficient  of  this  reaction  appears  to  be  a  function 
of  the  total  concentration  of  the  complex  iron-cyanogen  ions.  This 
phenomenon  is  conceivably  connected  with  the  effect  of  dilution  on 
the  stability  of  these  complex  ions,  and  a  possible  explanation  of  this 
interesting  point  is  given  on  p.  713. 

Under  these  circumstances,  it  does  not  appear  justifiable  to  apply 
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any  of  the  methods  for  determiniog  the  order  of  the  reactioo  which 
are  baaed  on  Tarjing  dilution,  since  theee  aasnme  that  the  velocity- 
ooeiBoient  is  intrinsically  independent  of  ooncentration,  whereas  the 
eoune  of  the  reaction  may  be  disturbed  by  secondary  causes.  Thus 
the  well-known  formula 

m   -    1    +    logijt^jlogcjc^ 

is  derived  by  integration  from  the  differential  yelocity-equation 

-  dcjdi   -   ifec"» 

on  the  assumption'  that  the  velocity-coefficient  k  is  independent  of  the 
ooncentration.*  As  pointed  out  above,  this  assumption  cannot  be 
made  in  the  present  instance  without  certain  reservations.  Hence,  in 
this  case,  the  Noyes  formula  leads  to  erroneous  results.  If  we  apply 
it,  for  example,  to  the  results  given  in  Tables  I  and  III,  we  obtain  a 
value  1*2  for  m,  only  slightly  greater  than  unity.  It  would,  however, 
be  incorrect  to  conclude  from  this  that  the  reaction  is  unimolecular 
with  respect  to  the  ferricyanogen  ions. 

Determination  qfn. 

As  remarked  before,  the  constant  K  involves  the  concentration  of 
the  potassium  iodide  in  a  manner  expressed  by  the  equation 
K  =  ke'*,  where  k  is  the  intrinsic  velocity-coefficient,  c  the  concentra- 
tion of  iodine  ions,  n  the  number  of  iodine  ions  taking  part  in  the 
reaction.  Supposing  that  K^  and  K^  are  the  values  of  K  obtained  in 
two  experiments,  in  each  of  which  the  initial  concentration  of  the 
ferricyanide  is  the  same,  whilst  the  concentrations  of  the  potassium 
iodide  are  different,  say  Cj  and  Cg,  the  following  equations  are 
obtained  : 

whence  n   =   logKJKjIlogcJe^. 

It  will  be  noted  that  it  is  necessary  to  start  with  the  same  initial 
concentration  of  ferricyanide  in  both  cases,  as  otherwise  the  variation 
of  K  would  be  due  to  two  causes.  The  measurements  recorded  in 
Tables  V  and  VI  were  made  with  an  initial  concentration  of  ferri- 
cyanide equal  to  3720,  and  may  therefore  be  employed  together  with 
the  results  given  in  Table  II  for  the  purpose  of  determining  the  value 
of  n. 

r  ■  *  This  most  not  be  oonfiue^  with   the   fact  that  k  is,  for  values  of  m>1,  a 

I  ■     quantity,  the  nomeric  of  which  depends  on  the  onit  of  concentration  employed. 
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Table  V. 

Initial  concentration  of  ferricyanide  =  NjlO  (16*475  grams  per  litre). 
Concentration   of  potassium   iodide   =  3/8iV"  (62*25        ,,  „    ). 


c. 

t. 

JTzrlMl/cr-l/co). 

14-81 
13-16 
11-50 
9-837 

9-06 
21-71 
40-20 
62-75 

0  000750 
0-000705 
0-000652 
0  000652 

Mean...  0-000689 

Table  VI. 


Initial  concentration  of  ferricyanide 
Concentration   of   potassium   iodide 


i\720  (16*475  grams  per  litre). 

m  (41-5     „       „ ). 


c. 

t. 

ir=i/<(i/c-i/co). 

14-81 
13-16 
11-50 
9-837 
8-179 

27-50 

07  25 

118-70 

187-50 

279 

0-000247 
0-000227 
0-000227 
0-000218 
0  000-221 

Mean...  ('000228 

On  comparing  Tables  II,  V,  and  VI,  the  following  summary  of 
results  is  obtained : 

Concentration  of  potassium  iodide      (1)  iV^/2    (2)  3/8iV    (3)  IjiN. 
Value  of  iT  0-00156     0  000689     0-000228. 

It  is  evident  that  the'  value  of  K  decreases  rapidly  as  the  concentra- 
tion of  the  potassium  iodide  diminishes,  which  indicates  a  high  value 
for  the  exponent  n. 

(Corrected  for 
ionisation). 
000156  /,     4 


land  2  given   =   log^.^ooesQ 

^       ^  «    .  1     000166 

land  3  given  -   log^-T^^^g 


yn 


2-85 
2-77 


2  and  3  give  n   »   log 


0-000689 


0000228'     **2 


/l°«2    = 


2-73 


300 
2-91 
2-86 
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If  these  numben  are  corrected  for  the  varying  ionisation  of  the 
comparatively  strong  solutions  of  potassium  iodide  employed,  as 
shown  in  the  last  column,  they  approach  very  closely  to  the  value  3. 

Hmm  results  show  that  the  velocity  coefficient  K  varies  directly  as 
the  cube  of  the  concentration  of  the  iodine  ions.*    This  rather  unexpected 

result  points  to  the  formation  of  complex  Ij,  ions  in  the  primary 
reactiqn,  and  accordingly  this  change  must  be  represented  by  the 
equation : 

2F^CN)g   +   31     =     2Fr(CN)e   +   Ij, 
and  not  by  the  successive  equations  : 

i  2F^CN),   +   21     -     2Fe7cN)g   +   Fj,         ii.  I,   +   I     -     I3, 

where  the  second  equation  represents  a  reaction  which  proceeds 
with  very  great  speed  in  comparison  with  that  represented  by  the 
first.  Judging  from  the  generally  observed  simplicity  in  the 
mechanism  of  chemical  reactions,  the  latter  hypothesis  appeared  to  be 
more  natural.  It  is,  however,  entirely  negatived  by  the  foregoing 
results.  The  primary  formation  of  such  complex  halogen  ions  (or  the 
corresponding  undissociated  compounds)  has  been  already  detected  in 
kinetic  investigations.  Thus  in  the  bromination  of  benzene  in 
presence  of  iodine,  L.  Bruner  (Bull.  Acad.  Set,  Cracow^  1902,  3,  195  ; 
Abstr.,  1902,  ii,  447)  found  that  the  reaction  was  quadrimolectUar 
with  respect  to  bromine,  according  to  the  equation : 

O.H„   +   4Br     =     C.H^Br   +   HBr,. 

In  an  investigation  of  the  action  of  bromine  on  alcohol  in  which 
the  following  change  occurs, 

2CHs-CH2-OH   +   2Br2     =     CH3-C02-C2H5   +   4HBr, 

S.  Bugarswky  (Zeit.  physikcd,  Chem.,  1903,  42,  545)  found  it 
necessary  to  take  into  account  the  formation  of  HBr,  in  the  establish- 
ment of  an  equation  to  express  the  speed  of  the  reaction. 

Other  investigations  dealing  with  chemical  equilibrium  have  con- 
clusively proved  the  existence  of  complex  I3  ions  in  solution.  The 
foregoing  instances,  together  with  the  results  obtained  in  the  present 
investigation,  indicate  the  primary  part  played  by  these  complexes  in 
the  kinetics  of  chemical  reaction.  The  question  is  a  somewhat  interest- 
ing and  important  one,  for  the  results  obtained  indicate  a  more  or  less 
unexpected  complexity  in  the  mechanism  of  the  process.  Viewing 
the  matter  from  the  point  of  view  of  molecular  kinetics,  it  seemed 
more  natural  to  expect  a  primary  reaction  : 

2F^CN)e   +   21     =     2F^0N)g   +   l^ 

3  B  2 
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followed  by  an  extremely  rapid  secondary  change :  Ig  +  I  =  I3. 
the  latter,  on  account  of  its  presumably  great  speed,  being  without 
influence  on  the  velocity  as  measured  experimentally. 

The  results  obtained  ai;e,  however,  in  accordance  with  another  mode 
of  viewing  the  question.  Denoting  the  speed  equations  of  the  direct 
and  inverse  reactions  by  the  formulae  : 

Vj  «=  F^  (direct :  reaction  between  iodide  and  ferricyanide), 
Vj  =  F^  (inverse  :  reaction  between  iodine  and  f errocyanide), 

where  F^  and  F^  denote  the  corresponding  functions  of  the  con- 
centrations of  the  constituents  involved,  the  equilibrium  equation  will 
be  F■^^  —  F^.  Now  this  equation  will  undoubtedly  involve  the  concen- 
tration of  the  Ig  ions.     Hence  the  velocity-functions  F^  and  F^  will 

either  explicitly  contain  the  concentration  of  the  I3  ions  or  will 
involve  the  concentration  of  the  iodine  ions  in  such  a  manner  as  to 
include  the  formation  of  the  complex  iodine  ions.  These  considera- 
tions are  not  interfered  with  in  the  present  case  by  the  fact  that 

the  I3  ions  are,  on  account  of  the  method  of  measurement  employed, 

at  once  reconverted  into  simple  I  ions,  for  although  this  latter  reaction 
occurs  with  very  great  speed,  nevertheless  the  function  F^  must 
necessarily  involve  the  concentration  of  the  iodine  ions  in  the  manner 
indicated,  and  it  is  this  function  the  form  of  which  is  determined  by 
the  experimental  measurements,  since  the  reverse  reaction  is  altogether 
eliminated  by  the  method  employed. 


The  Effect  of  Dilution  on  tlie  Velocity -Coefficient  K. 

The  results  of  the  present  investigation  indicate,  therefore,  the 
existence  of  a  quinquemolecular  reaction  involving  the  primary  and 
simultaneous  interaction  of  two  ferricyanogen  and  three  iodine  ions. 
This,  at  least,  is  the  simplest  and  most  direct  interpretation  of  the 
results  obtained  in  the  determination  of  the  exponents  m  and  n. 
Unfortunately,  however,  the  matter  is  not  completely  cleared  up  by 
this  simple  explanation,  as  there  remains  unexplained  the  peculiar 
variation  of  K  in  different  series  of  experiments  carried  out  with 
different  initial  concentrations  of  potassium  ferricyanide.  This 
question  has  already  been  briefly  discussed  on  pp.  708 — 709,  but  no 
theory  of  the  phenomenon  was  given,  as  it  seemed  desirable  to  present 
the  results  at  first  in  a  form  which  was  free  from  any  theoretical 
interpretation. 
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The  foUowiog  expUtOAiion  has  suggetted  itielf  to  at  at  a  poMible 
otm,  Briedj  tummariMd,  the  ezperimeDta  have  shown  that,  the  con- 
oentration  of  the  potassiam  iodide  remaining  always  the  same : 

1.  The  Telocity-ooeffioient  is  constant  in  any  particular  experiment 
with  a  given  initial  ooooentration  of  ferricyanide. 

S.  The  Teloeity-ooeffioieDt  is  the  same  in  diCFerent  experiments  with 
diffmnt  initial  oonoentrations  of  ferricyanide,  provided  the  sum  of 
ihm  odiioentrations,  ferricyanide  plu$  ferrocyanide  (expressed  in  terms 
of  equivalent  quantities),  is  the  same  in  these  experiments. 

3.  In  different  experiments  in  which  the  condition  mentioned  in  2 
is  not  satisfied,  the  velocity-coefficient  increases  as  the  concentration 
sum,  ferrocyanide  plus  ferricyanide,  diminishes. 

It  may  be  assumed  that  in  any  particular  experiment  the  sum  of  the 
ooneeoirmtions  of  ferrocyanide  and  ferricyanide  (which  remains  con- 
stant provided  that  concentrations  are  expressed  in  terms  of  equivalent 
quantities)  is  proportional  to  the  sum  of  the  concentrations  of  the 
ferro-  and  ferri-cyanogen  ions,  since  the  solutions  were  fairly  dilute 
and  the  "  strengths  "  of  these  ions  are  approximately  the  same. 

Now,  although  the  ions  Fe(CN)0  and  Fe(ON)Q  are  among  the 
stablest  of  known  complex  ions,  they  must  be  to  some  extent  dis* 
sociatad  in  solution  into  their  constituent  simple  ions  in  accordance 
with  the  equations : 

F^CN),  :^'^Fe   +   6CN  and  Fe7cN)j  ^  Fe  -j-   6CN. 

If  we  denote  the  equivalent  concentrations  of  the  ferricyanogen, 
ferrocyanogen,  ferric,  and  ferrous  ions  by  the  suffixes  /erriCt  ferroc, 
ferri,  /errOf  respectively,  the  above  equilibria  correspond  with  the 
equations : 

i^Cferrie    -    Cferri    <^cs      (i) 

h^tenoc    =    Cferro  C^cv      (") 

Bfay  it  not  be  possible  that  it  is  the  ferric  ions  which  react  with 

the  iodine  ions  to  form  ferrous  ions  and  free  iodine,  or  rather  I,  ions, 
according  to  the  equation  : 

+++         —  ++ 

2Fe   -I-   21  -   2Fe  +  I^ 

or,  in  the  case  of  formation  of  I,  ions,  the  equation : 

+f+       —  ++        — 

2Fe-+3I   -   2Fe   +   I3      t 

In  the  first  place,  this  hypothesis  would  account  for  the  comparative 
slowness  of  what  appears  to  be  a  reaction  depending  on  a  simple 
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exchange  of  ionic  charges,  for  the  concentration  of  the  ferric  ions 
will  at  any  moment  be  excessively  small.  In  the  second  place,  it  can 
be  shown  thab  the  above  theory  of  the  action  lead;*,  with  the  help  of 
another  simple  and  not  improbable  assumption,  to  a  complete  explana- 
tion of  the  experimental  results.  The  assumption  referred  to  consists 
in  putting  k^  =  k2^k,  which  means  that  the  ferricyanogen  and  ferro- 
cyanogen  ions  are  dissociated  to  the  same  extent  in  solutions  of  equal 
equivalent  concentrations,  that  is,  that  the  complex  ions  in  question 
are  of  practically  equal  stability. 

A.ccording  to  this  view,  the  mechanism  of  the  reaction  may  be 
expressed  as  follows : 

+-»-+  - 

(a)  The  action,  2Fe(CN)g  -^  2Fe  +  12CN,  which  occurs  practi- 
cally instantaneously,  being  a  readjustment  of  a  reversible  ionic  equili- 
brium disturbed  by  the  removal  of  ferric  ions. 

+  +  +  -  ++       — 

(b)  A  change,  2Fe  +  31  — >■  2Fe  + 13,  proceeding  with  measur- 
able velocity. 

(c)  A  combination,  2Fe  +  12CN  — >  2Fe(CN)g,  taking  place 
practically  instantaneously,  being  a  readjustment  of  a  reversible  ionic 
equilibrium  disturbed  by  the  addition  of  ferrous  ions. 

According  to  this  view,  the  velocity-equation  (for  a  constant  con- 
centration of  iodide)  must  be  written  in  the  form  : 

at 

k 

But  from  the  equilibrium-equation,  (i)  Cfcrri  =■  — ^ — Cfcrrio 

hence, 

...V  k     rfCferric  „     ^'k^   _2,     , 

or  (iii)    -  ^'•"^<^   "ATcWic  where  A'  -  J^, 

Equation  (iii)  corresponds  in  form  with  the  equation  already  found 
to  hold  good,  since  the  quantity  of  ferric  ions  present  in  the  solution  at 
any  moment  may  be  neglected  in  comparison  with  the  amount  of  ferri- 
cyanogen ions. 

The  expression  found  for  the  velocity-coefficient  K  remains  to  be 
discussed.     Considering  the  equations : 

^ttxric  -  Cferri  C*ck    (la), 

^erroo  ■■  Cferro  c'c»  (iifl), 

it  in  clear  that  at  the  end  of  the  reaction,  the  concentration  of  the 


^v..   n>r  w    TOT>TT>f   IN    M      iilM     AQUIOUS  SOLUTION. 


71  ^ 


^       ^    .  lous  will  be  the  same  as  &t  the  begtnDing,  since  the  amouDt 

1      lit  <  X'  from  the  divooiation  of  the  ferrooy&nogen  ions  will  equal  that 

1     ultiDg  from  the  dissociation  of  the  ferricyanogen  ions.     Hence,  the 

V'  '^Ment  it  will  have  the  same  value  at  the  end  as  at  the 

I  iiring  the  reaction,  the  value  of  ecu  will  rise  somewhat 

at  tirst,  since  the  number  of  cyanogen  ions  resulting  from  the  ferro- 

rvin.w,«M  JQ^g  produced  will  at  first,  owing  to  the  dilution  of  the 

somewhat  greater  than  the  number  which  resulted  previously 

spending  ferricyanogen  ions.     Ifence,  the  coefficient  K 

...  an  absolutely  constant,  but  will  exhibit  a  minimum.     It 

is  noteworthy  that  the  actual  measurements  show  distinct  signs  of 

a  minimum  in  the  value  of  K  (see,  for  example,  Tables  I  and  III). 

The  variation  of  coefficient  K  from  one  series  of  measurements  to 
another  now  remains  to  be  considered.  Let  a  be  the  original  total 
coDoentration  of  ferricyanogen  ions  in  any  series,  and  x  the  amount 
disaodated.  Then  the  original  concentrations  of  the  ferric  and 
cyanogen  ions  will  be  x  and  6x  respectively,  the  equation  of  equi- 
librium being: 

Ha-x)   -  a<6a;)«. 

^inoe  X  is  very  small  in  comparison  with  a,  we  can  write 

ka   -   6V. 

Hence,  x  will  be  proportional  to   l/a. 

Accordingly,  K  will  be  inversely  proportional  to  a^,  that  if,  to  o®'^*. 
These  results  show  that  the  velocity-coefficient  K  will  increase  as  a 
diminishes,  which  agrees  qualitatively  with  the  experimental  results. 
The  exponent  of  a  can  be  determined  from  the  results  tabulated  on 
pp.  707—708. 


where  K^ 

k 

jr  -  *  • 

n   — 

^^W^h-^ 

-    0-80; 

n  — 

logg?/log2 

-    0-79. 

The  exponent  found  experimentally  is  therefore  0*80,  whereas  the 
vmlne  dedoced  theoretically  is  0*85.  The  agreement  between  these 
two  nombers  is  remarkable,  Und  affords  a  very  important  confirmation 
of  the  theory  here  proposed,  which  is  thus  seen  to  be  capable  of  giving 
a  quantitative  description  of  the  experimental  results.   The  concentra- 
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in  fact  that  the  solubility  products  of  the  corresponding  Prussian  and 
Turnbull  blues  are  not  reached.  Nevertheless,  even  these  small 
amounts  may  be  able  to  react  with  the  iodine  ions  if  the  necessary 
time  is  allowed. 


Summary  of  Results. 

1.  The  reaction  between  potassium  ferricyanido  and  potassium 
iodide  in  neutral  aqueous  solution  appears  to  be  a  quinquemolecular 
reaction,  inasmuch  as  the  velocity  of  the  reaction  is  represented  by  the 
equation  : 

dt  '    2  » 

where  c^  =  concentration  of  ferricyanide,  c^  =  concentration  of  iodide. 

2.  The  simplest  interpretation  of  this  result  is  that  the  reaction  is 
represented  by  the  equation  : 

2F^(CN)g  -i^   31   =   2'F7(CN)e   +  Tj. 

3.  This  view  of  the  matter  does  not,  however,  explain  all  the  observed 
results,  in  particular,  the  variation  of  the  velocity-coefficient  with  the 
total  concentration,  ferricyanide  plus  ferrocyanide. 

4.  If  it  is  supposed  that  in  reality  the  reaction  occurs  between 
ferric  and  iodine  ions  according  to  the  equation  : 

+++  —  ++        — 

2Fe       +   31   =   2Fe   +   I3, 

the  ferric  ions  resulting  from  the  dissociation  of  the  complex  ferri- 
cyanogen  ions,  it  can  be  shown  that  this  theory  supplies  a  complete 
quantitative  account  of  all  the  observed  results,  provided  that  the  not 
improbable  assumption  is  made  that  the  ferro-  and  ferri-cyanogen  com- 
plexes are  of  equal  stability. 

In  conclusion,  we  desire  to  take  this  opportunity  of  thanking  Pro- 
fessor Kamsay  for  his  interest  and  valuable  advice  during  the  course 
of  this  investigation. 

Chemical  Laboratort, 

Uniterbitt  Collbob,  Lonoom. 
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LXXII. — The  Action  of  Ammonia  and  Organic  Bases  on 
Ethyl  Esters  of  Olefinedicarboxylic  and  Olefine-B- 
ketooarhoxylic  Acids.    Part  II. 

Bj  SlKOFRIKD  RUBIMANN. 

Ths  formation  of  olefiDe-/3-ketocarboxylio  esters  takes  place  by  the 
actioD  of  hydrogen  chloride,  not  only  on  the  dry  mixture  of  an  aide- 
hyde  and  a  ^-ketonic  ester,  but  also,  as  I  have  found,  on  their  solutions 
in  alcohol  or  bensene.  Thus,  as  shown  below,  ethyl  7/i*nitrobenzylidene- 
aoetoaoetate  may  readily  be  obtained  in  this  manner.  In  some  cases, 
this  method  may  be  found  more  convenient  than  that  recommended 
by  Knoevenagel  {Ber.,  1896,  29,  172),  since,  on  using  primary  or 
secondary  amines  as  condensing  agents,  the  condensation  generally 
takes  place  in  two  directions,  and  yields  either  olefine-)3-ketonic  esters 
or  saturated  diketonic  esters,  according  to  the  temperature.  For 
the  preparation  of  members  of  the  first  class,  the  mixture  has  to  be 
kept  at  a  low  temperature  for  several  days,  otherwise,  the  diketonic 
esters  are  formed.  Knoevenagel  and  his  pupils  have  established  the 
fact  that  the  amines  differ  in  their  action,  inasmuch  as  they  effect  the 
condensation  of  the  aldehyde  with  the  ketonic  ester  to  a  varying 
extent.  This  difference  is  most  marked  in  the  action  of  aromatic 
aldehydes  on  ethyl  benzoylacetate,  for,  in  the  presence  of  piperidine, 
the  mixture  becomes  solid  after  24  hours  and  yields  ethyl  benzylidene- 
benzoylacetote,  C^H5-CO-C(:CH-CeH5)-C02Et,  not  only  at  0°,  but  also 
at  the  temperature  of  the  room,  whereas  diethylamine  acts  much  more 
slowly,  the  solid  product,  which,  in  this  case  also,  is  ethyl  benzylidene- 
benzoylacetate,  only  separating  after  4 — 5  days.  On  dissolving  the 
residual  oil  in  alcohol  and  allowing  the  solution  to  remain  for  several 
days,  it  yields  a  semi-solid  mass  of  crystab  which  melt  at  115 — 116°  ; 
on  cooling,  the  fused  product  solidifies,  and  then  does  not  melt  until 
129 — 130°.  The  compound  is  ethyl  benzylidenebisbenzoylacetate, 
C,Hj-CH[CH(C0-CeH5)C0,Et],. 

This  result  differs  from  Knoevenagel's  observation  (Annaleriy  1894, 
281,  55),  according  to  which  the  mixture  of  ethyl  benzoylacetate  and 
bensaldehyde,  when  mixed  with  diethylamine  and  left  for  a  long  time 
in  the  cold,  yields  ethyl  benzylidenebisbenzoylacetate,  which  melts  at 
95°.  The  melting  point  of  the  substance  which  I  have  obtained  differs 
also  from  that  of  the  product  prepared  by  Curtius  and  Buchner  (Ber., 
1885,  18,  2375)  by  the  action  of  ethyl  diazoacetate  on  benzaldehyde. 
This  difference,  however,  may  readily  be  explained  if  one  takes  into 
consideration  Babe's  research  on  ethyl  benzylidenebisacetoacetate 
(AnnaUn,  1900,313,  129). 
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m-NitrobeDzaldehyde  resembles  benzaldehyde  in  its  behaviour 
towards  ethyl  benzoylacetate.  In  the  presence  of  piperidine,  ethyl 
m-nitrobenzylidenebenzoylacetate  is  formed  with  the  greatest  ease, 
whilst  on  using  diethylamine  the  reaction  proceeds  slowly,  and  finally 
yields  ethyl  m-nitrobenzylidenebisbenzoylacetate.  According  to 
Knoevenagel's  researches,  the  diketonic  esters  are  the  result  of  the 
union  between  the  olefine-ketonic  esters  first  produced  and  the  ^-ketonic 
esters.  The  fact  that  the  diketonic  esters  are  formed  with  great  ease 
from  ethyl  acetoacetate  and  aromatic  aldehydes,  whilst  their  formation 
takes  place  very  slowly  on  using  ethyl  benzoylacetate,  is  most  likely 
due  to  the  stereochemical  influence  exercised  by  the  phenyl  group 
of  ethyl  benzoylacetate. 

In  my  previous  communication  (Trans.,  1903, 83,  374),  I  have  shown 
that  the  condensation  of  ethyl  benzylideneacetoacetate  with  benz- 
amidine  is  accompanied  by  the  removal  of  the  acetyl  group  as  ethyl 
acetate.  The  behaviour  of  the  base  towards  ethyl  m-nitrobenzylidene- 
acetoacetate  and  ethyl  wi-nitrobenzylidenebenzoylacetate  is  analogous; 
in  the  one  case,  the  acetyl  group  is  eliminated  as  ethyl  acetate, 
whilst  in  the  other,  the  benzoyl  group  is  removed  as  ethyl  benzoate  ; 
both  olefine-^S-ketonic  esters  yield  dihydro-w-nitrophenyl-phenyl- 
pyrimidone  in  accordance  with  the  following  equation : 

C6H5-CO-C(C02Et):CH-CeH^-N02   +   CeH5-C(NH2):NH   +  C2HeO- 

CH2<^5^^^^^^^^^^^^  +   CeH5.C02Et   +   C,Hfi. 

However,  on  using  ethyl  benzylidenebenzoylacetate,  I  find  that  in 
its  reaction  with  benzamidine  only  a  part  of  the  benzoyl  group  is 
removed  with  the  formation  of   dihydrodiphenylpyrimidone  and   its 

benzoyl  derivative,  CeH,-CO-CH<^.5(^«^^5^^NH. 

The  behaviour  of  benzamidine  towards  ethyl  benzylidenemalonate 
(Kuhemann,  Trans.,  1903,  83,  376)  is  similai  to  that  of  the  base 
towards  ethyl  7n-nitrobenzylidenemalonate.  Ethyl  dihydrom-nitro- 
phenyl-phenylpyrimidonecarboxylate, 

NO,-C,H,-CH<CH(CO^^^^CO^N. 

which  is  thus  formed,  on  treatment  with  ammonia  is  transformed  in 
the  same  way  as  ethyl  dihydrodiphenylpyrimidoneoarbozylate,  and 
yields  dihydro-m-nitrophenyl-phenylpyrimidone. 
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fiZPBRIMBNTAL. 

Action  ot    B^HMamidine  on   Kthyl   m-Niirohentylid^n^- 
aceloacetate. 

Eihyl  m-nitrobenxjlideDeaoetoaeetate  is  readily  prepared  by  satura- 
ting at  0^  a  oonoeDtrated  solution  of  m-nitrobenzaldehyde  and  ethyl 
aoatoacetate  in  alcohol,  or,  preferably,  in  benzene  with  hydrogen 
chloride.  After  remainiog  for  4 — 5  days  at  the  ordinary  temperature, 
the  olefine-ketonic  ester  crystallises  out.  If  alcohol  is  used  as  a  solvent, 
the  compound  has  a  yellow  colour,  which  can  only  be  removed  with 
difficulty ;  the  ester,  howeyer,  separates  in  almost  colourless  plates 
which  melt  at  110^,  if  the  reaction  takes  place  in  a  benzene  solution, 
the  yield  is  nearly  quantitative  : 

0-2785  gave  13  c.c.  moist  nitrogen  at  18°  and  760  mm.     N  -  5-39. 
CjjHjjOjN  requires  N  =  5-32  per  cent. 

This  compound  had  been  obtained  before  by  Knoevenagel  (^«r., 
1898,  31,  731)  by  gradually  adding  piperidine  to  an  alcoholic  solution 
of  the  aldehyde  and  ethyl  acetoacetate,  cooled  by  ice  and  salt,  and 
allowing  the  mixture  to  remain  in  the  cold  for  several  days. 

That  a  low  temperature  is  necessary  for  the  formation  of  the  olefine- 
ketonic  ester,  if  piperidine  is  used  as  a  condensing  agent,  has  been 
shown  by  Knoevenagel  and  Schiirenberg  (Annalen,  1898,  303,  223), 
for,  at  the  ordinary  temperature,  they  obtained  in  this  way  ethyl 
7/^nitrobenzyIidenebi8acetoacetate.  With  the  view  of  ascertaining 
whether  the  formation  of  this  compound  takes  place  with  the  same 
difficulty  as  that  which  I  experienced  in  the  preparation  of  ethyl 
beniylidenebisbenzoylacetate,  I  have  repeated  their  experiment,  and 
hare  arrived  at  the  same  result. 

I  find  that  the  melting  point  of  the  substance  is  148°,  as  compared 
with  146°  recorded  by  these  investigators : 

0-2086  gave  04443  CO,  and  01 130  H,0.     C-5808  ;  H-601. 
0*2963     „     9-4  C.C  moist  nitrogen  at  19°  and  754  mm.     N  =  3'61. 
C„H„0gN  requires  C  =  5802  ;  H  =  585  ;  N  -  3-56  per  cent. 

Brtiamidinn  reacto  with  ethyl  m-nitrobenzylideneacetoacetate  in  a 
similar  manner  and    yields    dihydro-m-nitrophenylrphenylpyrimidone^ 

CHj^^qJj,*.^^  u*<^NH,  with  the  loss  of  the  acetyl  group  as  ethyl 

acetate  and  the  removal  6f  alcohol.  This  product  is  soluble  with 
difficulty  in  boiling  alcohol,  but  does  not  separate  from  the  solution 
until  the  latter  is  concentrated ;  it  crystallises  in  colourless  needles 
which  melt  at  192—193^: 
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0-2050  gave  04895  COg  and  0'0825  Ufi.     C  =  6505  ;  H  =  446. 
0-2030     „     25  c.c.  moist  nitiogen  at  18°  and  761  mm.     N  =  14*23. 
CigHigOgNg  requires  C  =  65*08  ;  H  =  4*40  ;  N  =  14-24  per  cent. 

Dihydrodiphenylpyrimidone  and  its  nitro-derivative  are  both 
insoluble  in  caustic  potash  and  freely  soluble  in  hydrochloric  acid  ; 
the  latter,  however,  differs  from  the  former  inasmuch  as  its  solution 
in  hydrochloric  acid  does  not  yield  a  precipitate  with  platinic 
chloride. 


Action  of  Benzaldehyde  on  Ethyl  Benzoylacetate. 

Ethyl  benzylidenebenzoylacetate  was  first  obtained  according  to 
Claisen's  method  by  W.  H.  Perkin,  jun.  (Trans.,  1885,  47,  260).  As 
I  have  mentioned  in  the  introduction,  it  may  be  prepared  with  the 
greatest  ease  by  the  action  of  amines  on  a  mixture  of  benzaldehyde 
and  ethyl  benzoylacetate.  This  reaction  has  been  previously  studied  by 
Knoevenagel  (loc.  cit.),  who  states  that  ethyl  benzylidenebisbenzoyl- 
acetate  melting  at  95°  is  produced  under  the  influence  of  diethylamine. 
The  record  of  my  experiments  is  as  follows  : 

(i)  Piperidine  used  as  Condensing  Agent. 

Five  to  six  drops  of  the  base  are  added  at  the  ordinary  temperature 
to  a  mixture,  in  molecular  proportions,  of  ethyl  benzoylacetate  (9  6 
grams)  and  benzaldehyde  (5*3  grams).  When  left  overnight,  the 
whole  mass  solidifies ;  the  solid  crystallises  from  alcohol  in  colourless 
needles  melting  at  98 — 99°.  The  same  result  is  obtained  on  adding 
the  base  to  a  mixture  of  5  grams  of  the  ester  and  1*5  grams  of  the 
aldehyde,  which  has  been  cooled  down  by  ice.  The  melting  point  of 
the  compound  which  is  thus  formed  is  identical  with  that  observed 
by  Perkin  for  ethyl  benzylidenebenzoylacetate.  The  composition  of 
the  substance  has  been  verified  by  the  following  analyses : 

0-2033  gave  0-5750  00^  and  0-1060  11  fi.     0  =  77-12  ;  H  =  6-79. 

0-2032     „     05740  002    „     01048  HjO.     0  =  77-04 ;  H  =  573. 

CigHigOg  requires  C  =  77*14  ;  H  =  5  7 1  per  cent. 

(ii)  Diethylamine  tued  as  Condensing  Agent. 

I  have  repeated  Knoevenagel's  experiment,  and  have  found  that 
after  leaving  the  mixture  for  4  — 5  days  in  ice- water  a  large  crop  of 
crystals  separates.  These,  when  separated  from  the  residual  oil  and 
recrystallised  from  alcohol,  melt  at  98—99°.     The  melting  point  and 


ORGANIC   BA8B8  ON   ETHYL   K8TBR8.  721 

the  following  aoaljtis  prore  the  substance  to  be  ethyl  benzylidene- 
benioylaoeiate : 

0-8057  gaT6  0-6815  CJO,  and  01062  H,0.     C  -  7708  ;  H  -  5-73. 
0,gHf,0,  requires  C->  77-14  ;  H-i5*71  per  cent. 

The  alcoholic  filtrate  from  this  ester,  after  remaining  for  several 
days  at  the  ordinary  temperature,  yields  a  serai-solid  mass  of  colour- 
less crystals.  These  dissolve  readily  in  boiling  alcohol  and  gradually 
separate  from  the  cold  solution  in  groups  of  small  needles  quite 
different  from  the  long,  shiny  crystals  of  ethyl  benzylidenebenzoyl- 
aoetate.  Whilst  the  latter  melts  at  98 — 99°,  the  former  has  the 
melting  point  115  —  116°;  on  cooling,  it  solidifies  again  and  then 
melts  at  129— 130*^: 

0  2107  gave  0-5695  COj  and  01 145  H^O.     0  =  7371 ;  H  =  603. 
Cj^HjgOg  requires  0  =  73*72  ;  H  =  5-93  per  cent. 

Ethyl  benzylidenebisbenzylacetate  is  insoluble  in  solutions  of  the 
caustic  alkalis,  and  its  alcoholic  solution  does  not  give  a  coloration 
with  ferric  chloride.  Ourtius  and  Buchner  {loc.  cit.)  have  noticed  that 
their  ethyl  benzyl idenebisbenzoylacetate  (m.  p.  103°)  differs  from 
ethyl  benzylidenebenzoylacetate  in  its  behaviour  towards  concentrated 
sulphuric  acid.  The  same  difference  is  noticed  in  the  case  of  the  ester 
(m.  p.  115 — 116°)  which  I  have  described ;  this  compound  dissolves  in 
the  acid  yielding  a  light  yellow  solution  which,  when  heated,  becomes 
yellowish-brown,  whilst  the  solution  of  ethyl  benzylidenebenzoylacetate 
in  the  acid  is  red  and  changes  to  light  yellow  on  warming. 

The  define  /5-ketonic  ester  can  be  prevented  from  separating  out, 
and  the  formation  of  ethyl  benzylidenebenzoylacetate,  only,  can 
be  effected,  if  the  alcoholic  solution  of  benzaldehyde,  ethyl  benzoyl- 
acetate,  and  diethylamine  is  allowed  to  remain  at  the  ordinary  tempera- 
ture. The  crystals  which  separate  gradually  increase  in  quantity, 
until  after  a  fortnight  the  ethyl  benzoylacetate  has  become  almost 
entirely  transformed.  The  product,  after  crystallisation  from  alcohol, 
melts  at  115 — 116°  and  agrees  also  in  its  other  properties  with  ethyl 
ben  zy  1  idenebisbenzoylacetate. 

Action  of  Benzamidine  on  Ethyl  Benzylidenebenzoylacetate* 

This  reaction  takes  place  when  the  ester  is  boiled  with  benzamidine 
hydrochloride  and  sodium  ethoxide  dissolved  in  absolute  alcohol. 
After  a  short  time,  colouiless  crystals  separate,  and  the  odour  of  ethyl 
benzoate  becomes  perceptible.  The  heating  is  continued  for  about  an 
hour,  the  alcohol  distilled  from  the  water-bath,  and  the  solid  which 
remains  behind,  washed  with  water  and  dilute  alcohol.     The  product 
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is  a  mixture  of  dihydrodiphenylpyrimidone  and  its  benzoyl  derivative  ; 
these  substances  are  readily  separated  by  cold  hydrochloric  acid,  which 
dissolves  the  former  with  the  greatest  ease,  leaving  behind  the  benzoyl 
compound.  The  acid  solution,  when  neutralised  with  caustic  potash, 
yields  a  precipitate  which  crystallises  from  alcohol  in  colourless 
needles.  The  identity  of  this  substance  with  dihydrodiphenyl- 
pyrimidone (Trans.,  1903,  83,  376)  follows  from  the  melting  point 
(180°)  and  the  analysis  : 

0-2105  gave  20'6  c.c.  moist  nitrogen  at  19°  and  757  mm.  N  =  11*20. 
CigHj^ONg  requires  N  =  11*20  per  cent. 

Dihydr6benzoyldiphenylpyrimidon6f 

CA-CO-CH<^oCH(.™-pNH, 

which  remains  undissolved  in  the  hydrochloric  acid,  is  only  sparingly 
soluble  in  alcohol,  but  dissolves  readily  in  boiling  nitrobenzene  and, 
on  cooling,  crystallises  in  colourless  prisms  which  melt  at  241 — 242° 
to  a  yellow  liquid  : 

0*2015  gave  0*5752  COg  and  0*0950  HgO.     C  -  77*85  ;  H  =  5*23. 
0*2258     ,,     15*6  c.c.  moist  nitrogen  at  18°  and  765  mm.     N  =  8*03. 
CggHisOgNg  requires  0  =  77*96  ;  H=-5*08;  N  =  7*91  per  cent. 


Ethyl  m-NUrohenzylidenebemoylacetate^ 

This  ester  may  be  obtained  by  saturating  a  solution  of  m-nitrobenz- 
aldehyde  and  ethyl  benzoylacetate  at  0°  with  hydrogen  chloride. 
After  2 — 3  weeks,  colourless  plates  separate  which  melt  at  107 — 108°. 
It  is,  however,  more  readily  prepared  by  adding  a  small  quantity  of 
piperidine  to  the  concentrated  alcoholic  solution  of  the  aldehyde  and 
ethyl  benzoylacetate.  When  left  overnight,  the  solution  yields  a  semi- 
solid mass  of  crystals,  which  are  recrystallised  from  alcohol ; 

0*2015  gave  0*4915  COj  and  0*0890  HjO.    '0  =  66-52  ;  H  =  4*90. 
0-2252     „     8*8  c.c.  moist  nitrogen  at  21°  and  756  mm.     N  =  4-42. 
CigHijOgN  requires  0=66-46;  H  =  4*62  ;  N  =  4*30  per  cent. 


CeH^-CO-CjJH-COj-O^j 
Ethyl  m-Nitrobenzylidenebisbenzoylacetatef  CH*CgH^*NOj. 

CgHj-OG-CH-COj-CjHj 

If,  instead  of  piperidine,  dicthylamine  (6  drops)  is  added   to  the 
alcoholic  solution  of  ethyl  benzoylacetate  (5  grams)  and  m-nitrobenz- 
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aldehyde  (1*5   grams),   a   solid   separates   after   2 — 3   weeks,   which 
orystallises  from  alcohol  in  colourless  prisms  meltiog  at  128 — 129^  : 

0-2058  gave  05083  CO,  and  00965  H^O.     C-67-36  ;  H-5-21. 
0*2607     ,,     6*2  CO.  moist  nitrogen  at  14""  and  760  mm.     N  =  2'80. 
0„H,.OgN  requires  C-67'31 ;  H-5-22  ;  N-2-70  per  cent. 


Action  qf  Benzamidine  on  Bthyl  m-yUrobenzyltdenehenzoylaoetate. 

In  this  condensation,  dihydro-f/i-nitrophenyl-phenylpjrimidone  is 
produced,  being  attended,  as  in  the  previous  case  (p.  721),  by  the 
elimination  of  the  benzoyl  group  as  ethyl  benzoate.  The  identity 
of  the  product  with  the  compound  described  above  is  proved  by  the 
melting  point  (192°)  and  the  following  nitrogen  determination  : 

0-2068  gave  25  c.c.  moist  nitrogen  at  17°  and  764  mm.      N  =  14-10. 
CijHjjOgNj  requires  N=i  14-24  per  cent. 


Eihyl  m-NUrobenzylidenemalonatey  N02-C6H4-CH:C(C02-C2H5)2. 

This  ester  may  be  obtained  according  to  Knoevenagel  and  Hoffmann's 
directions  {Ber.,  1898,  31,  2593)  for  the  preparation  of  ethyl 
;>-nitrobenzylidenemalonate,  namely,  by  digesting  at  50°  for  5 — 6 
hours  a  mixture  of  7w-nitrobenzaIdehyde  and  ethyl  malonate  with  a 
small  quantity  of  piperidine ;  it  is  also  formed  at  the  ordinary 
temperature.  After  1 — 2  days,  the  aldehyde  dissolves  in  the  mixture 
of  the  reagents,  and  the  yellow  solution  slowly  yields  a  deposit 
of  crystals  which  gradually  increase  in  quantity,  until  after  3  weeks, 
the  whole  mass  has  become  solid.  The  product  readily  dissolves 
in  boiling  alcohol  and,  on  cooling,  crystallises  in  yellow  plates  melting 
at  75—76°.  Stuart  (Trans.,  1886,  49,  361),  who  previously  described 
the  ester,  gave  the  melting  point  as  73°  : 

0-2390  gave  10  c.c.  moist  nitrogen  at  16°  and  764  mm.     N-4-90. 
Cj^HjjOgN  requires  N  =  4-78  per  cent. 

Eihyl  DxhydATO-Tti-nitroplienyl-phenylpyrimidonecarhoxylcUe. 

The  solution  of  ethyl  7?i-nitrobenzylidenemalonate,  benzamidine 
hydrochloride,  and  sodium  ethozide  in  absolute  alcohol,  when  boiled  on 
the  water-bath,  assumes  a  deep  yellow  colour  and  deposits  a  solid . 
After  an  hour's  digestion,  the  mixture  is  cooled  ;  the  solid  is  collected 
and  washed  with  water.  The  product  dissolves  in  boiling  alcohol 
with  difficulty,  and  crystallises  from  the  solution  on  cooling  in  colour- 
less, silky  needles  which  melt  at  181 — 182°  : 
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0-2098  gave  0-4785  COg  and  0-0888  Kfi.     C  =  62-20;  H  =  4-70. 
0-2515     „     24-6  c.c.  moist  nitrogen  at  13°  and  757  mm.    N  =  11-50. 
C^gHi^OgNa  requires  C  =  62-12;  H  =  4-63;  N  =  11-44  per  cent. 

On  remaining  in  contact  with  an  excess  of  strong  aqueous  ammonia 
for  about  a  week,  the  ester  almost  completely  dissolves,  yielding  a 
deep  yellow  solution  ;  this,  when  concentrated  on  the  water-bath, 
deposits  a  solid  which  crystallises  from  alcohol  in  colourless  needles 
melting  at  192—193°: 

0-2405  gave  28-6  c.c.  moist  nitrogen  at  13°  and  769  mm.    N  =  14  22. 
CigHjgOgNg  requircs  N  =  14-24  per  cent. 

The  compound  is  therefore  dihydro-m-nitrophenyl-phenylpyri- 
midone. 

In  conclusion,  I  may  state  that  I  am  pursuing  the  research  on  the 
lines  indicated  in  this  paper. 

GONVILLE   AND    CaIUS   COLLEGE, 

Cambridob. 


LXXIII. — Note  on  the  Formation  of  the  Di-  and  Hexa- 
methylammonio-cadmium  Chlorides, 

By  W.  R.  Lang,  D.Sc. 

With  the  view  of  determining  whether  compounds,  similar  to  the 
ammonio-cadmium  chlorides  described  in  a  former  paper  (Lang  and 
lligaut,  Trans.,  1899,  84,  883),  were  formed  from  dry  liquid  methyl- 
amine  and  anhydrous  cadmium  chloride,  the  author,  in  1900,  substi- 
tuted methylamine  for  ammonia  in  the  following  experiments.  Five 
grams  of  dry  cadmium  chloride  were  placed  in  a  tube  of  hard  glass 
immersed  in  solid  carbon  dioxide,  and  methylamine,  obtained  by  warm- 
ing a  12  per  cent,  solution  of  the  base,  and  dried  over  solid  caustic 
potash,  was  passed  into  the  tube  until  the  liquid  was  about  one  inch 
above  the  salt.  At  this  temperature  ( -  80°),  no  apparent  action  took 
place.  The  tube  was  then  sealed  and  allowed  to  attain  the  ordinary 
temperature,  when  a  violent  reaction  was  observed,  accompanied  by 
considerable  intumescence.  In  another  experiment,  the  tube  contain- 
ing the  salt  was  kept  at  -11°  when  combination  readily  occurred. 
An  excess  of  methylamine  was  employed  to  ensure  the  completion  of 
the  reaction,  the  tube  being  sealed  and  left  overnight.     The  tube, 
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which  was  first  imm«ned  in  carbon  dioxide  and  then  opened,  was  next 
transferred  to  melting  ice  and,  after  3  hours,  again  sealed.  Analysis 
of  the  resulting  powdery  substance  gave  : 

CdCl3  =  491;  CH3-NH,-50-9;  whilst  CdOlj.eCHj-NHj  requires 
CdCa,- 49-57  ;  CHj-NH,- 50-43  per  cent. 

The  composition  of  this  compound  corresponds  exactly  with  the 
hexa-aitimouio-compound  obtained  by  Croft  (Phil.  Mag.y  1842,  iii,  21, 
355),  and  further  described  by  Lang  and  Rigaut  {vide  supra). 

A.  further  portioA  was  prepared,  heated  for  2  hours  at  100°,  and 
analysed : 

Found  CdClj  =  76-l  ;  CH3-NH2  =  23-9. 
CdCl2,2CH3-NH,  requires  CdCI.^  =  74-5  ;  CH3-NH2-25-3  per  cent. 

This  result  indicates  the  existence  of  a  very  stable  compound, 
CdCl2,2CH3  NHj.  On  heating  still  further,  decomposition  began  at 
220°  and  was  not  complete  at  300°. 

The  author  wishes  to  thank  Mr.  J.  A.  Russell  Henderson,  of 
( Jlasgow  University,  for  assisting  in  these  experiments. 

Chemical  Laboratort, 

University  of  Toronto. 


LXXIV. — The  Relative  Affinities  of  Polyhasic  Acids.  ' 

By  Harry  Medforth  Dawson. 

Tk  a  solution  of  a  soluble  base  is  added  to  a  solution  containing  two 
ciiiierent  acids,  the  quantity  of  which  is  more  than  sufficient  to 
neutralise  the  base,  then,  if  the  system  is  homogeneous,  it  is  well 
known  that  the  base  will  distribute  itself  between  the  two  competing 
adds  in  a  ratio  dependent  on  the  specific  nature  of  the  acids  and  on 
their  relative  quantities.  This  ratio  of  distribution  has  been  deter- 
mined experimentally  by  several  different  methods.  For  the  particular 
case  where  the  two  acids  and  the  base  are  present  in  equivalent  quan- 
tities, the  experimentally  determined  ratio  of  distribution  (corrected,  if 
necessary,  for  secondary  disturbances)  expresses  what  J.  Thomson 
termed  the  relative  avidities  of  the  two  acids.  Numbers  expressing 
the  avidities  of  a  large  number  of  acids  in  terms  of  a  standard  acid 
have  been  calculated  from  the  thermochemical  volume  and  refractive 
VOU   LXXXIII,  3   C 
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index  measurements  of  Thomsen  and  Ostwald,  and  these  numbers 
express  the  salt-forming  powers  of  the  respective  acids  relatively  to 
that  of  the  standard  acid  when  the  acids  are  present  in  equivalent 
proportions. 

It  is  usual  at  the  present  day  to  denote  the  capacity  of  a  substance 
to  act  as  an  acid  by  the  term  affinity.  The  relative  affinities  and  the 
relative  avidities  of  acids  are  generally  assumed  to  be  synonymous 
terms.  According  to  modern  views  regarding  the  mode  of  action  of 
an  acid,  a  distinction  should,  however,  be  drawn  between  the  two 
factors  in  the  case  of  polybasic  acids.  On  the  basis  of  the  theory  of 
electrolytic  dissociation,  the  strength  or  affinity  of  an  acid  in  aqueous 
solution  is  determined  by  the  concentration  of  hydrogen  ions  in  the 
solution,  and  for  comparable  quantities  of  different  acids  dissolved  in 
the  same  volume  of  water,  the  concentration  of  the  hydrogen  ions 
will  be  determined  by  the  degree  of  dissociation  of  the  acids.  Respect- 
ing the  quantities  of  different  polybasic  acids  which  are  to  be  regarded 
as  comparable  in  the  above  sense,  attention  must  be  paid  to  the  mode 
of  dissociation  of  the  acids. 

For  weak  polybasic  acids,  it  is  known  that  the  electrolytic  dis- 
sociation of  hydrogen  ions  takes  place  in  stages,  one  only  of  the  acid 
hydrogen  atoms  being  'removed  from  the  undissociated  molecule  in  the 
first  stage.  When  a  state  of  dilution  has  been  reached  at  which  the 
first  hydrogen  ion  is  dissociated  to  a  very  considerable  extent,  then 
dissociation  of  a  second  hydrogen  ion  begins  to  take  place.  This 
dissociation  in  stages  explains  the  fact  that  weak  di-  and  tri-basic 
acids  satisfy  the  dilution  formula  of  Ostwald  (deduced  theoretically 
for  monobasic  acids)  with  the  same  degree  of  exactitude  as  monobasic 
acids  provided  the  concentrations  are  not  extremely  small. 

If,  then,  the  character  of  the  weak  polybasic  acids  is  such  that  at 
ordinary  concentrations  they  dissociate  in  the  same  manner  as  mono- 
basic acids,  it  follows  that  the  quantities  of  the  different  acids  which 
are  comparable  are  molecular  and  not  equivalent  quantities.  To 
determine  directly  the  relative  affinities  of  weak  polybasic  acids  from 
their  base-combining  power,  the  quantities  of  the  acids  should  be 
molecular. 

For  many  polybasic  acids,  the  dissociation  tendencies,  not  only  of  the 
first  hydrogen  ion,  but  also  of  the  second  and  the  third,  have  been 
experimentally  investigated. 

The  ionisation  tendencies  of  the  second  and  third  hydrogen  atoms 
obviously  come  into  play  in  solutions  of  the  acid  salts  of  the  types 
M'HX"  and  M'gHX'".  Determinations  of  the  concentration  of  the 
hydrogen  ions  in  solutions  containing  such  acid  salts  of  di-  and  tri- 
ba^ic  acids  have  been  carried  out  by  Trevor  (Zeit.  phyaikal.  Chem.t 
1892,  10,  321)    and  W.  A.  Smith  (Zeit,  pfiyaikal.  CKem.,   1898,  26, 
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144,  and  193),   the  •xperimeDtal  method  of  procedure  contisiiDg  in 
determining  the  rate  of  inversion  of  cane  8ugar  at  100^ 

I  have  utilised  some  of  their  data  for  the  purpose  of  comparing  the 
extents  of  the  first  and  second  stages  of  the  hydrogen  dinsociation  in 
the  case  of  the  following  weak  polybasic  acids :  tartaric,  malic,  succinici 
and  citric  acids.  These  acids  were  employed  by  the  author  in  the 
experimental  development  of  a  new  method  for  determining  the  dis- 
tributidn  of  a  base  between  two  competing  acids  (Trans.,  1902,  81, 
512).  The  following  table  contains  the  percentage  degree  of  dissocia- 
tion of  the  first  (a)  and  second  (a')  hydrogen  ions  for  solutions  contain- 
ing respectively  one  gram-molecule  of  the  acid  or  one  gram-molecule 
of  the  acid  salt  in  four  litres,  this  particular  concentration  being 
chosen  as  representing  a  mean  value  of  the  concentrations  at  which 
experiments  on  the  distribution  of  a  base  between  two  acids  have  been 
carried  out.  The  value  of  a  has  been  obtained  from  Ostwald's  dilution 
formula,  that  of  a'  by  making  use  of  the  simple  relationship  brought 
to  light  by  the  experiments  of  Trevor  and  Smith,  according  to  which 
the  hydrogen  dissociation  of  the  acid  salt  is  proportional  to  the 
dilution. 

IOO04.  lOOa'4. 

Tartaricacid  6-23  0-087 

Malic  acid  397  0*022 

Succinic  acid    1-63  0005 

Citric  acid  5*73  0060 

For  the  calculation  of  the  values  of  a'^,  the  experimentally  deter- 
mined degree  of  dissociation  of  the  acid  salts  at  a  dilution  of  128 
litres  has  been  taken  as  a  basis.  Although  the  values  of  a^  and  a'^ 
may  not  be  very  accurate,  since,  possibly,  the  dissociation  formulas  em- 
ployed no  longer  hold  good  for  such  a  high  concentration  as  025 
molecular,  yet  these  numbers  are  sufficiently  approximate  to  show 
the  great  difference  in  the  extent  of  dissociation  of  the  first  and  second 
hydrogen  ions.  The  numbers  indicate  that  for  the  four  polybasic  acids 
considered,  the  degree  of  hydrogen  dissociation  of  the  acid  salt  is  only 
about  1  per  cent,  of  that  of  the  free  acid  when  the  concentration  in 
each  case  is  0*25  molecular.  If  the  dissociation  of  the  second  hydro- 
gen ion  takes  place  in  a  solution  of  the  free  acid,  then,  at  the  same 
molecular  concentration,  the  value  of  a'  will  be  very  much  smaller  on 
account  of  the  considerable  number  of  hydrogen  ions  already  present 
in  the  solution  as  products  of  the  primary  dissociation.  The  molecule 
of  a  weak  polybasic  acid,  in  competing  with  a  monobasic  acid  for  a 
base,  will  therefore  act  as  a  molecule  of  a  monobasic  acid.  In  order 
to  obtain  directly  from  experiment  the  relative  affinities  of  weak  acids 
by  measuring  their  base-combining  powers,  the  quantities  of  the 
competing  acids  should  therefore  be  in  molecular  ratio. 

3  C  2 
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The  case  is  different  with  strong  polybasic  acids  as  exemplified  by 
sulphuric  acid.  For  such  acids  in  normal  or  one-tenth  normal  con- 
centration, the  dissociation  of  the  second  hydrogen  ion  is  already  very 
considerable.  If  we  consider  a  solution  containing  equivalent  quanti- 
ties of  hydrochloric  and  sulphuric  acids,  then  theoretically  we  might 
suppose  such  a  solution  to  contain  three  acids,  namely,  (1)  hydrochloric 
acid,  (2)  sulphuric  acid,  HgSO^,  giving  rise  to  hydrogen  ions  by  a 
primary  dissociation  process,  and  (3)  the  electrolytically  charged  acid 

HSO4,  also  giving  rise  to  hydrogen  ions  by  further  electrolytic  dis- 
sociation. When  the  components  of  this  solution  compete  for  a  base, 
which  is  supposed  to  be  added  to  the  solution  in  quantity  insufficient 
for  complete  neutralisation,  then  the  three  substances,  NaCl,  NaHSO^, 
and  NagSO^,  would  result,  and  the  quantities  of  these  would  be  deter- 
mined essentially  by  the  respective  degrees  of  hydrogen  dissociation. 

This  view  is  only  put  forward  as  a  simple  way  of  looking  at  the 
partition  phenomena  in  the  case  of  strong  polybasic  acids.  The 
theoretical  development  of  the  idea  is  rendered  almost  impossible 
by  the  fact  that  the  dissociation  laws  for  the  strong  acids  (monobasic 
as  well  as  polybasic)  are  as  yet  unknown,  and  further  by  the  fact  that 
the  electrolytically  charged  acid,  which  is  assumed  here,  is  a  dissociation 
product  of  the  primary  polybasic  acid. 

In  the  experimental  determination  of  the  partition  ratio  of  a  base 
between  a  strong  monobasic  and  a  strong  polybasic  acid  by  thermo- 
chemical  and  other  measurements,  the  complicated  behaviour  of  the 
polybasic  acid  in  giving  rise  to  acid  salts  as  well  as  the  normal  salt 
has  been  corrected  for  by  methods  which  are  too  well  known  to 
require  repetition  in  this  note.  In  such  processes  of  correction,  the 
neutral  salt  has  been  regarded  as  the  normal  product  of  salt  formation. 
It  may  be  noted,  however,  that  in  accordance  with  the  above  view  the 
formation  of  the  neutral  salt  of  a  polybasic  acid  of  basicity  n  involves 
the  replacement  of  n  different  hydrogen  ions  of  very  different  dis- 
sociation tendencies,  and  such  neutral  salt  formation  is  therefore  a 
very  complex  phenomenon,  involving  as  it  does  these  n  different 
factors. 
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LXX\\ — The  Chemical  Dynamics  of  the  Reactions 
between  Chlorine  and  Benzene  under  the  Injlaence 
of  Different  Catalytic  Agents  and  of  Light, 

By  Arthur  Slator,  M.Sc.,  1851  Exhibition  Scholar  of  the  University 

of  Birmingham. 

Although  the  whole  series  of  chlorine  substitution  derivatives  of 
benzene  is  known,  only  two  addition  compounds,  namely,  a-  and  /?- 
benzene  hexachlorides,  have  been  isolated.  This  result  is  in  all 
probability  due  to  the  circumstance  that  an  intermediate  compound 
between  benzene  and  benzene  hexachloride,  such  as  the  di-  or  tetra- 
chloride, CgHjjCIg  or  CgHgCi^,  would  be  unsaturated,  and  would  there 
fore  immediately  react  with  chlorine. 

It  is  probable  that  with  a  large  excess  of  benzene  only  the  two 
following  reactions,  CgHg  +  C\^  =  CeHgCi  +  HCl,  CgHg  +  SClg  =  CgHgCJ^j, 
take  place  to  any  appreciable  extent,  the  relative  amounts  of  the 
products  depending  on  the  conditions  of  the  experiment. 

These  reactions  have  been  studied  under  various  conditions,  especially 
with  regard  to  the  effect  of  different  catalytic  agents,  because  in  these 
changes  a  good  example  is  afforded  of  the  influence  these  substances 
may  have  on  a  reaction,  both  in  accelerating  its  course  and  also  in 
determining  the  relative  amounts  of  the  products  and  the  values  of 
the  temperature-coeflScient. 

Page  {Annalen,  1884,  225,200),  Willgerodt  {J.  p?'.  Chem.y  [ii],  1886, 
34,  264 ;  1887,  35,  391),  and  others  have  found  that  the  chlorides  and 
other  compounds  of  many  elements  have  a  catalytic  action  in  the 
above  reactions,  but  in  many  cases  the  effect  produced  is  not  con- 
veniently measured,  and  in  this  research  the  following  substances  have 
been  employed  :  iodine  chloride,  tin  tetrachloride,  and  ferric  chloride  ; 
the  accelerating  effect  of  light  upon  the  reaction  has  also  been  inves- 
tigated. 

The  general  method  of  measuring  the  velocity  of  reaction  is  as  follows  : 
a  chlorine  solution  in  dry  benzene  of  suitable  concentration  (about 
1/6-normal)  is  employed,  and  the  reaction  allowed  to  proceed  under 
the  influence  of  a  catalytic  agent,  the  rate  of  change  being  estimated 
by  simultaneous  titrations  of  chlorine  and  hydrogen  chloride.  The 
rate  of  disappearance  of  free  chlorine  is  a  measure  of  the  sum  of  the 
velocities  of  both  reactions,  whilst  the  rate  of  formation  of  hydrogen 
chloride  indicates  the  velocity  of  the  substitution  reaction.  These 
measurements  are  controlled  by  an  estimation  of  the  amount  of 
benzene  hexachloride  produced,  this  being  effected    by  boiling  with 
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excess  of  alcoholic  sodium  hydroxide,  when  the  substance  is  decom- 
posed quantitatively  in  accordance  with  the  equation:  CgHgClg  = 
CftHgCIg  +  3HC1.  The  agreement  between  this  estimation  and  the 
above  titrations  is  satisfactory. 

The  Reaction  without  Catalytic  Agents. 

The  velocity  of  the  reaction  between  chlorine  and  benzene  without 
catalytic  agents  is  exceedingly  small,  and  it  cannot  be  accurately 
measured  with  ordinary  apparatus  owing  to  the  accelerating  effect  of 
small  quantities  of  substances  dissolved  out  of  the  glass. 


Iodine  Chloride  as  Catalytic  Agent. 

With  concentrations  of  iodine  chloride  varying  from  1/150  to  1/400 
gram-mol.  per  litre,  the  reaction  proceeds  at  a  convenient  velocity. 
For  the  purpose  of  measuring  the  velocity  with  which  free  chlorine 
disappears  in  this  and  in  the  following  experiments,  the  reaction  was 
carried  out  in  a  vessel  fitted  at  its  lower  end  with  a  3  c.c.  pipette.  A 
benzene  solution  of  the  catalytic  agent  (in  this  case  iodine)  was 
added  to  the  chlorine  solution,  and  from  time  to  time  3  c.c.  of  the 
mixture  were  drawn  off  and  titrated. 

When  the  hydrogen  chloride  was  simultaneously  estimated,  the 
experiments  were  carried  out  in  sealed  tubes  or  stoppered  flasks  in 
order  to  prevent  the  escape  of  the  gas. 

The  chlorine  was  estimated  by  shaking  with  an  aqueous  solution  of 
potassium  iodide  and  titrating  the  iodine  which  is  formed  with 
neutral  1/50-normal  sodium  thiosulphate.  The  solution  was  sub- 
sequently titrated  with  1/50-normal  barium  hydroxide  in  order  to 
estimate  the  hydrogen  chloride.  Experiments  carried  out  in  this 
manner  showed  that  iodine  chloride  has  practically  no  action  on 
benzene  in  the  dark.  These  measurements  show  that  the  reaction  is 
one  of  the  first  order  with  respect  to  the  chlorine,  the  velocity  of  the 
reaction  being  proportional  to  the  concentration  of  the  chlorine 
present. 

The  values  of  JT,  calculated  according  to  the  formula  ^ '^  "^^BTFiy^* 

decrease  slightly  as  indicated  in  Table  I.*  To  obtain  comparable 
results,  the  mean  value  of  A'  has  been  calculated  for  (CI)  «  10  c.c. 
thiosulphate  solution,  that  is,  a  1/15-normal  concentration  of  chlorine. 

*  The  concentration  of  a  substance  is  expressed  by  enclosing  its  formala  In 
brackets. 
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Tablk  I. 
Temp.  25^.     CoDcentration  oF  101*0*00435  gram-mol.  per  litre. 


Time. 

Thiomilphftte  titre« 

(CI). 

0  niiD 

23-30 

21-91 

•      6    „ 

21-10 

19-71 

0-0092 

15    „ 

17-50 

16-11 

0-0089 

30    „ 

13-50 

12-11 

0-0086 

60    „ 

9-77 

8-38 

0-0084 

80    „ 

6-34 

4-95 

0-0081 

00 

ICl   =      1-39 

Mean  [for 

(CI) 

0-00 
=  10c.c.]  = 

— 

0-0080 

K 

425. 

(ICl)-'     • 

• 

Table  IF. 

Temiwraiure. 

ICl  concentration. 

A'. 

K 

(ICl)^' 

25° 

000632 

0-0167 

420 

»» 

000519 

0-0115 

430 

>> 

0-00435 

0-0080 

425 

>> 

000327 

0-0046 

430 

» 

0-00218 

0-00208 

440 

15° 

0-00519 

0-00109 

405 

»» 

0-00519 

000107 

400 

17° 

0-00536 

0-00114 

400 

The  velocity  is  therefore  proportional  to  the  square  of  the  concen- 
tration of  iodine  chloride*  and  the  temperature  coefficient  of  the 
reaction  is  very  small. 

When  the  hydrogen  chloride  was  simultaneously  titrated,  it  was 
found  that  only  70  per  cent,  of  the  reacting  chlorine  took  part  in  the 
substitution  reaction,  whilst  the  remaining  30  per  cent,  disappeared  to 
form  the  addition  compound  ;  this  result  was  also  confirmed  by  esti- 
mating the  amount  of  benzene  hexachloride  produced. 

*  L.  Bmna  {Zeit.  phynkai.  Chem.f  1902,  41,  518)  has  investigated  the  dynamics 
of  the  bromination  of  benzene,  and  although  the  reaction  is  greatly  complicated, 
owing  to  the  retarding  influence  of  the  hydrogen  bromide  produced,  yet  the  velocity 
"constants"  obtnined  by  him  are  approximately  proportional  to  the  square  of  the 
iodine  concentration. 
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Table  III. 

Titre  of  chlorine  in 

0'0192-normal 

thiosulphate. 

19-23 

Titre  of  hydro^'en 

chloride  in 

0-0211 -normal 

barium  hydroxide. 

5-85 

Percentage  of  chlorine 

entering  into  the 

substitution 

reaction. 

67 

28-03 

8-95 

70 

32-63 

10-42 

70 

3709 

12-20 

72 

31-60 

10-20 

71 

Mea 

n 70 

The  distribution  of  the  halogen  between  the  two  reactions  remains 
constant  for  different  concentrations  of  chlorine  and  iodine  chloride, 
and  is  only  slightly  affected  by  temperature.  This  constancy  indicates 
that  addition  and  substitution  are  connected  in  such  a  manner  that  the 
velocity  measured,  which  is  the  rate  of  disappearance  of  chlorine,  is  the 
velocity  of  a  single  reaction  and  not  that  due  to  two  independent  changes. 

In  repeating  the  above  measurements  with  a  mixture  of  carbon 
tetrachloride  and  benzene  instead  of  benzene  alone,  it  was  found  that 
the  diluent  caused  a  diminution  in  the  velocity  of  the  reaction  owing 
to  the  decrease  in  the  concentration  of  the  benzene  and  also  to  the 
change  of  solvent,  but  the  other  factors,  namely,  the  influence  of  the 
chlorine  and  iodine  chloride  concentrations,  the  slight  decrease  in  the 
values  of  K,  the  small  temperature-coefficient,  and  the  distribution  of 
the  chlorine  between  the  two  reactions,  remained  as  before.  The  fol- 
lowing table  summarises  the  results  : 


Table  IV. 

Percentage 

of  benzene 

Temperature,  by  volume. 

26°  100         see  Table  II 

15° 

26°  50  0-00856 


I  CI  concen- 
tration. 


15° 


»i 
>i 
20 

II 
i« 
II 
ti 
10 


0-00607 

0-00966 

001076 

00105 

00147 

00172 

0-0174 

00135 

00238 

00210 


K. 


0-0069 

0-0072 

00041 

00090 

0-0109 

0-0031 

00062 

0-0088 

0-0088 

0-00535 

0-0085 

0-0065 


K 

(ICl)"' 


94 
98 
111 
96 
94 

28  I 

29  [ 
30 ) 
29  1 
29/ 
16, 
15  1 


430 
405 


99 


29 


29 


15 
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K 

The  approximate  doubling  of  the  value  -|7S|v«  ^l^^n  the  concentra- 

tioD  of  the  bemene  is  increased  from  10  to  20  per  cent,  and  the 
solvent  changes  only  slightly  shows  that  the  velocity  of  reaction  is  pro- 
{H>rtional  to  the  concentration  of  the  benzene. 

\\"\{\\  the  aid  of  the  usual  notation  of  chemical  dynamics,  the  results 
immarised  in  the  following  equations : 

-   ^Cl)   ^   K-(C1,)(C„H,)(IC1)= ;   ^»  -   1-05. 

If  (CI),,  (Cl)^  represent  the  amounts  of  chlorine  which  disappear 
in   the   substitution  and   addition    reactions   respectively,   then   the 

expression    ,-4 — f^.v    =   0*70  is  obtained. 
(C1)^  +  (C1X, 

Tin  Tetrachloride  as  Catalytic  Agent, — With  this  agent,  the  substitu- 
tion reaction  alone  takes  place.  Half  the  chlorine  appears  as  hydrogen 
chloride  and  no  benzene  hexachloride  can  bo  detected  in  the  solution. 
As  before,  the  reaction  proceeds  as  one  of  the  first  order  with  respect 
to  chlorine,  and  in  this  case  without  diminution  in  the  values  of  K. 


Table  V. 

Time. 

Thiosulphate  litre  =  (CI). 

->«&:• 

0  min. 

19-45 

5     ,. 

16-55 

0-0140 

10     „ 

14-14 

0-0139 

15     „ 

1203 

00139 

25     „ 

8-67 

0-0140 

35     „ 

6-28 

00140 

45     „ 

4-60 

0-0139 

60     „ 

2-90 

0-0138 

80     „ 

1-50 

0-0139 

110     „ 

0-60 

00137 

«          M 

0-00 

— 

0  0139 


The  velocity  is  proportional  to  the  concentration  of  the  tin  tetra 
chloride  and  the  temperature-coefficient  is  about  15. 


Table  VI. 

ive  concentratioi^ 
of  SnCI^. 

K. 

Kxio* 
(SnClj' 

400 

00139 

34-8 

300 

0-0106 

35-3 

2-00 

0-00695 

34-8 

1-07 

0-00380 

35-5 

734 
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Table  VI. — (continued.) 


Temperature. 

K, 

f  25° 
115° 

0-0073 

0-0047 

f  25° 

0-0175 

1  15° 

00119 

Temperature-coeflBcient 
1-55 

1-47 


Mean 1*51 


The  results  can  be  thus  summarised  : 


1-5, 


(CI). 


=    100. 


(CI).  +  (CI), 

Ferric  Chloride  as  Catalytic  Agent. — In  this  case  also,  substitution 
alone  occurs.  Accurate  measurements  of  the  velocity  are  rendered 
difficult  owing  to  the  disturbing  effect  of  traces  of  moisture.  The 
velocity  was  found  to  be  proportional  to  the  chlorine  concentration 
and  also  to  that  of  the  ferric  chloride. 


Table  VII. 
Concentration  of  ferric  chlor-  Concentration  of  ferric  chlor- 


Time. 
0 

10 

25 

45 

90 
165 

00 


ide  =  1. 

Thiosulpliate 
titre. 
20-84 
19-30 
17-50 
15-55 
12-16 

8-40 

0  00 


ide  =  2. 


K. 

00033 
0-0030 
0-0028 
0-0026 
0-0023 


Thiosulphate 

Time. 

titre. 

jr. 

0 

19  09 

— 

10-5 

16-30 

00068 

25 

13-25 

0-0064 

45 

10-21 

0O060 

70 

7-90 

0  0055 

00 

0-00 

— 

The  temperature- coefficient   is   large,  and  approaches  the  average 
value  obtained  for  reactions  in  aqueous  solution, 


Temperature. 

25° 

16° 

25° 

16° 


A'. 

00117 
0-0045 
0-0073 
0-0033 


2-7. 
2-3. 

2*5 


The  results  may  be  summarised  in  the  equations  : 
"^   -  jr-(Cg(FeCI,);    ^tio  -  2-5;    ^^^^ 


(01),  +  (01). 


-   1-00 
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A  Miximn  q^  Iodine  ChhritU  amd  Tin  TWrodUonVit.— The  velocity  of 
lisappeMmnoe  of  free  ehlorina  under  the  iofloiiiot  of  a  mixture  of 
lodiue  chloride  and  tin  tetrachloride  wae  alio  naasiired  and  waa  found 
to  be  almoet  exactly  equal  to  the  sum  of  the  Telooities  due  to  each 
oatalytio  agent  aeparately.    The  diminution  in  the  value  of  K  which 
in  the  catalyeis  effected  by  iodine  chloride  alone  was  not 
under  theee  conditions,  and  there  does  not  seem  to  be  any 
between  the  iodine  chloride  and  tin  tetrachloride. 
Kmok  -  00058. 
Kfd     -  00045(a-10c.c.). 

0-0112 
00111 
00110 
OOIU 
0-0117 


Time 

ThiosulphaU  titre. 

(CI). 

0 

30-60 

29-50 

4-9 

2702 

25-92 

15 

21-20 

20-10 

30 

U-90 

13-80 

50 

900 

7-90 

80 

4-49 

3*39 

00 

110 

0-00 

-^(8nCl4+ICl)       -    0-0113 
^SnCU  +  ^fCl  =    00103 


The  Reaction  under  the  Influence  qf  Light. 

When  cniorine  interacts  with  benzene  in  the  presence  of  light,  no 
hydrochloric  acid  is  formed,  and  accordingly  addition  only  takes  place 
(Zeit.  phygikaL  Chenu^  1902,  41,  1).  I  have  endeavoured  to  measure 
the  velocity  of  this  reaction  in  exactly  the  same  way  as  that  in  which 
Goldberg  determined  the  oxidation  of  quinine  by  chromic  acid  under 
the  inflnenee  of  light. 

Tubes  containing  benzene  and  chlorine  were  exposed  under  similar 
conditions  to  diffused  daylight,  and  from  the  velocity  of  the  disappear- 
ance  of  free  chlorine  when  the  concentration  of  the  halogen  was 
varied  in  different  tubes  the  apparent  order  of  reaction  was  ascertained 
with  respect  to  chlorine.  When  this  order  of  reaction  was  corrected 
for  light  absorbed  (the  correction  in  extreme  cases  may  amount  to  a 
whole  unit),  the  true  order  of  reaction  was  obtained,  namely,  that  due 
to  the  influence  of  the  concentration  of  chlorine  on  the  velocity  when 
the  intensity  of  light  is  the  same  in  each  solution.  The  apparent 
order  of  reaction  obtained  by  working  with  tubes  0*7  cm.  wide  was 
1-2  to  1*4,  and,  when  corrected  for  light  absorbed,  the  reaction  was 
found  to  be  of  the  second  order,  within  the  limits  of  experimental  error. 
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I  have  also  measured  the  influence  of  the  benzene  concentration  on  the 
velocity.  Equal  concentrations  of  chlorine  in  10  and  20  per  cent, 
solutions  of  benzene  in  carbon  tetrachloride  were  exposed  to  direct 
sunlight,  and  it  was  found  that  the  chlorine  disappeared  approximately 
twice  as  fast  in  the  20  per  cent,  as  in  the  10  percent,  solution ;  hence, 
the  velocity  is  proportional  to  the  concentration  of  the  benzene. 

The  temperature- coefficient  of  this  reaction  is  comparatively  large, 
being  almost  the  same  as  in  the  case  of  the  interaction  with  tin  tetra- 
chloride as  catalyser,  namely,  1-5  for  10°;  this  is  contrary  to  the 
general  rule  for  changes  effected  under  the  influence  of  light. 

The  results  may  be  summarised  in  the  following  equations : 

-  f  ^   =   A-.(CI,)MC,H.);  ^^»  =    1-5;  ^m^^^VOO. 

In  conclusion,  I  take  the  opportunity  of  thanking  Professor  Ostwald 
and  his  assistants  for  the  interest  they  have  taken  in  the  progress  of 
this  investigation.  I  wish  especially  to  express  my  gratitude  and 
thanks  to  Dr.  Luther  for  suggesting  the  subject  of  the  research,  and 
for  the  valuable  advice  and  many  kindnesses  which  I  have  received 
from  him. 

Physikalisch-chemisches  Institut, 
Leipzig. 


LXXVI. — The  Conditions  of  Decomposition  of  Am- 

monium  Nitrite. 

By  Victor  Herbert  Veley. 

The  decomposition  of  ammonium  nitrite  in  aqueous  solution  has  for 
many  years  attracted  the  attention  of  investigators  owing  to  its 
simplicity  and  to  the  readiness  with  which  the  nitrogen  gas  can  be 
evolved  and  collected,  and  the  undecomposed  nitrite  estimated. 

Millon  {Ann.  Chim.  Phya.,  1847,  iii,  10,  255)  noticed  that  a  solution 
of  ammonium  nitrite  can  be  preserved  for  several  hours  at  the  tempera- 
ture of  boiling  water  without  decomposition  if  a  drop  of  ammonia 
solution  is  added,  but  the  addition  of  a  drop  of  nitric,  hydrochloric,  or 
sulphuric  acid  produces  "  une  effervescence  vive  et  tumultueuse." 

I^ter,  Sorensen  {Zeit,  anorg.  Chem.,  1894,  7,  38)  made  the  remark- 
able observation  that  large  masses  of  crystalline  ammonium  nitrite 
oould  be  made  spontaneously  explosive  by  the  addition  of  a  trace  of 
tartaric  acid,  but  could  be  preserved  for  a  month  by  the  addition  of  a 
trace  of  ammonium  carbonate.     Wegscbeider  {Zeii.  phytikal.  Chem,^ 
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'01,  30,  543)  has  shown  that,  on  the  assumption  of  an  ionio  reaction, 
N  H^  +  NO,  «  2H^0  -I-  N|,  the  addition  of  the  ionio  equivalent  of  salts 


prodoees  the  same  aooeleratioo. 

AngeU  and  Boeris  {AUi  lUaL   Aoead,  Linai,  1892,  [ii],   1,  870) 
iind  that  the  addition  of  ammonium  salts,  on  the  one  hand,  and  of 
nitrtteis   on   the   other,  increases   the   rate  of   decomposition,  whilst 
indifferept  or  neutral  salts  have  no  marked  influence. 

A  more  recent  publication  by  Arndt  (Zeit.  jthynkal.  Ch^m.t  1901, 
30,  1),  induced  me  to  revert  to  a  subject  on  which  I  made  certain 
observations  some  years  ago  {PkiL  7Van#.,  1888,  Series  Ay  179,  257), 
as  some  of  his  results  were  in  accordance,  whilst  others  were  apparently 
discrepant,  with  my  former  work. 

While  the  present  investigation  was  in.progress,  Blanchard  {Zeit. 
ph^nkal,  Chem,,  1902,  41,  680)  studied  the  reaction  with  the  view  of 
ascertaining,  firstly,  which  substances  act  as  accelerators,  and,  secondly, 
whether  subsidiary  reactions  do  not  modify  the  course  of  the  reaction. 
As  regards  the  first  point,  this  author  showed  that  the  action  of  various 
acids  could  be  expressed  in  terms  of  the  ionic  equation  : 

in  which  Vis  the  velocity,  and  ^,  and  C  have  the  usual  significance. 

As  regards  the  second  point,  it  was  proved  that  there  was  no  evi 
dence  of  the  evolution  of  oxides  of  nitrogen  unless  the  reaction  was 
modified  by  the  addition  of  acid. 

These   various  observations   will  be  alluded  to  in  the  sequel,  in  so 
far  as  they  have  reference  to  the  present  inquiry. 

PreparcUion  of  Solutions  of  Ammonium  NiiriU. 

For  this  purpose,  the  reaction  between  ammonium  chloride  and 
silver  nitrite  was  selected  ;  the  latter  salt  was  obtained  by  precipitat- 
ing purified  silver  nitrate  with  sodium  nitrite,  washing  the  precipitate 
of  silver  nitrite  three  or  four  times  with  cold  water,  recrystallising 
from  hot  water,  drying  the  crystals,  first  by  suction,  and  then  on  a 
porous  plate  ;  all  the  operations  were  conducted  in  such  a  manner  as  to 
avoid  as  far  as  possible  either  contact  with  organic  matter  or  exposure 
to  direct  sunlight.  Weighed  amounts  of  the  silver  nitrite  thus  pre- 
pared were  decomposed  with  equivalent  proportions  of  ammonium 
chloride  in  the  presence  of  a  small  volume  of  water,  the  silver  chloride 
filtered  off,  and  the  solution,  when  freed  from  all  turbidity,  made  up 
to  a  known  volume. 

The  concentration  of  the  solution  at  the  outset  was  determined  by  a 
decinormal  solution  of  potassium  permanganate,  but  in  any  continuous 
series  of  observations,  the  amount  of  ammonium  nitrite  undecomposed 
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was  calculated  from  the  evolved  volume  of  nitrogen,  corrected  to 
standard  pressure  and  temperature ;  this  latter  method  is  not  of  the 
same  order  of  accuracy,  as  a  certain  quantity  of  nitrogen  remains  in 
the  solution,  but  it  was  sufficiently  approximate  in  cases  in  which  the 
series  of  observations  could  not  be  interrupted. 

The  acidity  or  alkalinity  of  the  solutions  was  determined  by  very 
dilute  standard  solutions  of  ammonia  or  sulphuric  acid  respectively, 
litmus  being  used  as  an  indicator. 

Method  of  Working. 

The  ammonium  nitrite  solutions  were  placed  in  distillation  flasks  of 
75  to  90  c.c.  capacity,  the  volume  used  being  such  that  when  the  thermo- 
meter was  introduced,  and  the  contents  heated  to  the  required  tem- 
perature, the  level  of  the  liquid  was  nearly  up  to  the  side-delivery 
tube,  and  thus  evaporation  from  a  large  surface  avoided.  My 
experience,  however,  coincided  with  that  of  Arndt,  which  was  that 
the  water  formed  by  the  reaction  approximately  counterbalanced  the 
loss  by  evaporation.  The  flasks  were  closed  with  rubber  plugs 
through  which  the  thermometer  passed,  and  the  side  limb  connected 
by  stout  rubber  tubing  with  a  capillary  tube  drawn  out  so  as  to 
deliver  small  bubbles  (about  75  per  c.c.)  of  nitrogen.  In  most  ex- 
periments, a  standard  volume  of  4  to  5  c.c.  was  collected  for  each 
observation  ;  if  the  evolution  of  gas  was  more  rapid,  10  c.c,  if  less 
rapid,  then  2  and  even  1  c.c.  of  gas  were  collected. 

In  all  cases,  V/T  represents  volume  of  gas  in  c.c.  collected  in  time 
expressed  in  minutes. 

Three  thermometers  were  used,  all  graduated  in  one-tenths  of  a 
degree,  two  of  these  instruments  ranged  from  50°  to  103°,  and  one 
from  0°  to  20°  ;  one  of  the  former  (1°  =  13  mm.)  had  been  calibrated  by 
Gay  Lussac's  method,  the  boiling  point  error  determined,  and  the 
readings  reduced  to  the  hydrogen  scale,  the  other  was  compared  with 
it  within  the  temperature  interval;  the  last  (1°=15  mm.)  had  also 
been  calibrated  by  the  same  method,  its  freezing  point  error  deter- 
mined, and  the  readings  also  reduced  to  the  hydrogen  scale. 

The  water-bath,  used  for  the  purpose  of  heating,  consisted  of  a  tin 
vessel  containing  water,  the  temperature  of  which  was  controlled  by  a 
Beichert's  regulator  ;  inside  this  vessel  was  placed  a  calorimeter  made 
of  copper  and  tin,  and  consisting  of  three  chambers  filled  with  water, 
in  the  innermost  of  which  the  decomposition  flask  was  placed,  the 
surrounding  water  being  stirred  by  a  stream  of  fine  bubbles  of  carbon 
dioxide  from  a  Kipp's  apparatus.  The  whole  was  closed  with  a  lid 
furnished  with  suitable  apertures. 

In   a   control  experiment,   the   temperature  in  the   decomposition 
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flask,  when  filled  with  water  only,  was  found  to  remain  constant 
within  ±  0*1°  for  several  hours,  but  in  actual  working  there  was  a 
gradual  rise  of  about  0*2°  at  the  earlier  stage,  due  to  the  heat  evolved 
by  the  decomposition  of  ammonium  nitrite.  The  value  of  this,  accord- 
ing to  the  determination  of  Thomson  (Prakt.  Clism.f  1880,  [ii],  21, 
449)  is  71770  cal.  per  molecular  proportion  of  salt,  but  according  to 
Berthelot  it  equals  80400  cal.  In  certain  experiments,  a  rise,  in 
others  a  fall,  of  temperature  was  produced  by  the  addition  of  certain 
reagents ;  these,  when  observed,  were  compensated  as  speedily  as 
possible. 

The  whole  apparatus,  with  the  distillation  flask  empty,  was  heated 
up  ilovcly  until  the  required  temperature  was  reached ;  then  the 
ammonium  nitrite  solution,  which  had  been  heated  up  quickly  to  nearly 
the  same  temperature  in  another  flask,  was  introduced,  the  rubber 
plug  with  the  thermometer  pressed  in,  and  when  the  temperature  had 
become  constant,  observations  were  commenced,  the  gas  evolved  in 
the  meanwhile  being  collected  and  measured. 

The  Course  of  the  ReoLction. 

The  decomposition  of  the  ammonium  nitrite  starts  slowly  at  first, 
as  observed  many  years  ago  by  Harcourt,*  owing  to  the  retention  of 
the  nitrogen  gas,  then  quickly  reaches  a  maximum  ;  from  this  point, 
it  decreases  in  accordance  with  the  law  of  mass  action  for  a  uni- 
molecular  reaction. 

If  V  be  the  volume  in  c.c.  of  nitrogen  evolved  in  time  T^  then 

\ogVIT{n)   =   logF/r  -  ?ilog  const.     .     .     .     (1), 

for  which  n  is  the  number  of  observations  from  the  commencement. 
The  above  equation  can  be  transformed  into  the  usual  form : 

XogAjA-    =^   aT (2). 

The  values  in  Series  I,  p.  740,  were  obtained  in  a  set  of  observa- 
tions made  at  a  temperature  of  65°  ;  log  const.  =  0*0080. 

The  differences  between  the  observed  and  calculated  values,  which 
rarely  exceed  2  per  cent.,  are  mainly  due  to  slight  variations  of  tem- 
perature, since  a  rise  or  fall  produces  two  errors  in  the  same  direction, 
firstly,  an  increase  or  decrease  in  the  velocity  of  decomposition,  and 
secondly,  an  expansion  or  contraction  in  the  solution  which  causes  more 
or  less  gas  to  be  expelled. 

The  values  in  Series  II,  p.  740,  were  obtained  in  another  series  of 

*  Blanchard  (toe.  cii.,  supra)  records  a  similar  observatioD,  apparently  without 
being  aware  that  it  had  been  noted  pre?ioasly. 
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Series  I. 


No.  of 

Value  VI T 

Value  VI T  1 

"No.  of 

Value  VI T 

Value  VI T 

observation. 

found. 

calc.         1 

observation. 

found. 

calc. 

1-369 

_ 

9 

1-134 

1155 

1 

1-353 

1-344 

10 

1-118 

1-138 

2 

1-345 

1-319 

11 

1-087 

1-118 

3 

1-311 

1-295 

12 

1-068 

-     1-097 

4 

1-273 

1-271 

13 

1079 

\  1-078 

5 

1-251 

1-249 

14 

1-030 

1  057 

6 

1-196 

1-226 

15 

1-040 

1-038 

7 

1-203 

1-202 

16 

1009 

1-0-20 

8 

1-J84 

1-182 

17 

0-940 

1-001 

observations  in  which  benzoic  sulphinide  ("  saccharin  ")  had  been  added, 
which  produced  a  considerable  acceleration  : 

Series  II. 


Temperature  =  61 -8°. 

log  const. 

=  0-0248. 

No.  of 

Value  VIT 

Value  VIT 

No.  of 

Value  VIT 

Value  VIT 

observation. 

found. 

calc. 

observation. 

found. 

calc. 

5-986 

11 

3-350 

3-326 

1 

5-885        i        5-825 

1           12 

3-050 

3-141 

2 

5-561 

5-561 

i          13 

2-870 

2-947 

3 

5-274 

5-252 

1          14 

2-833 

2-803 

4 

5  083 

4-961 

15 

2-675 

2-647 

5 

4-857        i        4-698 

16 

2-467 

2-500 

6 

4-525               4-441 

17 

2-293 

2-36i 

7 

4-260               4-180 

1          18 

2-134 

2-230 

8 

4-018               3-948 

19 

1-944 

1-989 

9 

3-840               3-729 

20 

1-843 

1-847 

10 

3-589        1        3-522 

21 

1-728 

1-758 

In  the  above  series,  the  errors  are  of  about  the  same  order  as  in  the 
preceding,  so  that  whether  the  decomposition  proceeds  on  its  normal 
course  or  is  accelerated,  the  same  equation  holds  good. 


•  Effect  qf  Ammonia  and  its  Derivatives. 

Arndt  {loc.  cit.  supra)  in  the  course  of  his  investigations  confirmed 
the  older  observation  of  Millon  that  the  addition  of  free  ammonia 
prevents,  or  hinders,  according  to  the  quantity  added,  the  evolution  of 
nitrogen  from  an  aqueous  solution  of  ammonium  nitrite,  and  that  even 
the  addition  of  l/800th  part  of  ammonia  reduces  the  rate  by  nearly 
two-thirds. 
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Some  years  ago  (Trans.,  1883, 43,  370),  in  tho  course  of  experiments 
on  the  rate  of  decomposition  of  ammonium  nitrate,  it  was  observed 
that  a  fragment  of  litharge  added  to  a  considerable  mass  of  fused  salt 
(about  100  grams)  completely  stopped  the  evolution  of  nitrous  oxide, 
and  the  same  result  was  obtained  when  ammonia  gas  was  bubSIed  into 
the  fused  salt.  The  former  experiment  serves  as  a  good  lecture 
demonstration. 

In  order  to  ascertain  whether  ammonia  liberated  by  the  addition  of 
a  basic  oxide  would  in  like  manner  prevent  the  evolution  of  nitrogen 
from  ammonium  nitrite,  an  experiment  was  conducted  as  follows  :  a 
solution  of  the  salt  containing  2-24  grams  in  70  c.c.  (0*5  molecular)  was 
heated  for  the  purpose  of  determining  the  rate  of  decomposition,  then 
0  028  gram  of  lime  was  dropped  in,  which  would  liberate  0*017  grim 
of  ammonia,  and  additional  observations  were  recorded  : 


Series  III. 
Temperature  70-7— 70-9°. 


Before  ad.lition  of  lime. 

After  addition  of  lime. 

No.  of  obsorvatioD. 

Value  FIT. 

No.  of  observation. 

1 

Value  F/T. 

1 
2 
3 
4 

2 

1-572 
1-49  3 
1-477 
1-393 
1-343 
1-274 
1-186 

8 
9 

Reaction 

0  0639 
0-0281 

stopped 

1 


The  ammonium  nitrite  originally  present  amounted  to  2'2400  grams 
and  0-1468  gram  was  decomposed  in  the  first  part  of  the  experiment, 
hence  2  093 2  grams  were  present  when  the  lime  was  added.  This 
amount  corresponds  with  0*5569  gram  of  ammonia,  of  which  only 
0*0170  gram,  or  3*06  per  cent.,  was  liberated  by  the  lime. 

It  is  thus  evident  that  3  per  cent,  of  liberated  ammonia,  which 
remained  dissolved  in  the  solution  at  first  impeded  and  then  practically 
stopped  the  evolution  of  nitrogen,  for  even  in  the  last  observation 
nearly  36  minutes  were  required  for  the  evolution  of  1  c.c.  of  nitrogen. 

A  similar  re>ult  was  obtained  with  litharge,  namely,  the  liberation 
of  l/9th  of  the  total  combined  ammonia,  this  amount,  which  is  equiva- 
lent to  l/350th  of  the  total  mass  of  ammonium  nitrite,  reduced  the 
rate  of  evolution  to  33  per  cent,  of  its  original  value  at  the  mean  tem- 
iperature  58*9°       Arndt  found  that   l/800th  part  of   free   ammonia 
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reduced  the  value  to  the  same  extent,  but  did  not  give  temperature  or 
other  conditions  of  experiment. 

In  studying  the  effect  produced  by  derivatives  of  aiLmonia,  the 
liquids  or  solutions  of  solids  were  in  all  cases  added  by  raising  the 
rubber  plug  of  the  decomposition  flask,  dropping  in  a  definite  fraction 
of  1  c.c.  by  means  of  a  1  c.c.  pipette  graduated  in  1/lOOths,  stirring 
with  the  thermometer,  and  then  replacing  the  plug.  As  this  operation 
only  required  a  few  seconds,  the  alteration  of  temperature  was  insigni- 
ficant, and  the  time  selected  was  that  at  which  the  rate  of  evolution  of 
nitrogen  had  just  passed  its  maximum  value,  the  mean  being  taken  of 
the  observations  before,  during,  and  immediately  after  this  point. 

Amines. 

1.  Trimethylamine,  33  per  cent,  solution,  sp.  gr.  12/12  =  0*9434. 
Ammonium  nitrite  present  on  adding  the  base  =»  2*0573  grams ;  weight 
of  trimethylamine  added  =0*036  gram.  Mean  temperature  =66*5°. 
Mean  value  of  V/T  heiore  addition  of  trimethylamine  =1*561,  after 
addition  =0*129.  Thus  the  addition  of  1*56  per  cent,  of  trimethyl- 
amine reduces  the  rate  of  evolution  of  nitrogen  to  8*2  per  cent. 

2.  Eihylamine,  33  per  cent,  solution. — Ammonium  nitrite  present,  on 
adding  the  base  =2*3493  grams;  weight  of  base  added  —0*0303 gram. 
Mean  temperature  =59*5°. 

Mean  value  of  VIT  before  addition  =0*859;  observations  after 
addition  =  (i)  0*154,  (ii)  0046,  and  then  evolution  of  gas  practically 
came  to  an  end. 

3.  Amylaminey  28  per  cent,  solution. — Ammonium  nitrite  present  on 
adding  the  base  =2*1936  grams;  weight  of  base  added  >>0'028  gram. 
Mean  temperature  =63  6°. 


Mean  value  of  VIT 

Vahics  of  r/r  after  mUlition. 

before  addition. 

.... 

1 
No. 

No. 

1-274 

1 
2 
8 

0*486 
0-236 
0-267 

4 
b 

0158 
01-29 

In  this  case,  a  more  gradual  reduction  of  the  velocity  was  observed, 
the  final  rate  being  10  per  cent,  of  the  original  value. 

4.  Aniline  (recently  redistilled). — Ammonium  nitrite  present  on 
adding  the  base  a  1*6028  grams;  weight  of  base  added  «■  0*052  gram. 
Mean  temperature  -Gi'O^     Mean   value    of    VjT    before    addition 


DKCOtfrOSlTlOK  OP  AMMONIUM   NITRITE. 

» lOOd,  obMrvaiioDi  after  addition  -  (i)  0*348,  (ii)  0  14,  (iii)  0*08.'). 
Thus  tho  addition  of  8  per  cent  of  aniline  reduces  the  value  to 
8/100th8 ;  at  the  conclusion  of  the  experiment,  tho  base,  originally 
suspended  in  the  liquid,  had  completely  dissolved. 

5.  BmujflaminM, — Ammonium  nitrite  present  on  adding  the  base 
« 2*3403  grams;  weight  of  base  added  -00987  gram.  Mean  tem- 
perature -64*9®. 


Mean  value  of  K/T 

Value  o(  r/T 

aricr  ndtliiioD. 

before  sUditton. 

No. 

No. 

i:.9i 

1                     0*314 
J                     0*090 

8 

4 

0  061 
0  048 

Thus,  the  additioo  of  4*2  per  cent,  benzylamine  reduced  the  rate  to 
8/lOOths  of  its  former  value,  and  then  the  rate  became  too  slow  for 
observation. 

6.  a-Picoltne  (recently  redistilled). — Ammonium  nitrite  present  on 
adding  the  base  *»  2*0294  grams ;  weight  of  base  added  =0*0052  gram. 
Mean  temperature  =64-4°. 


Mean  raluc  of  I'/T 

Value  of  F/T  after  addition. 

before  addition. 

No. 

No. 

1319 

I 

3 

0  811 

0  37S 

4 

5 

0  23d 
0*234 

Thus  the  addition  of  4*7  per  cent,  of  picoline  reduced  the  rate  to 
iS/lOOths  of  its  former  value,  at  which  point  it  remained  nearly 
constant. 

The  foregoing  results  show  that  paraffinoid,  bensenoid,  and  pyridine 
bases  either  reduce  the  rate  of,  or  completely  stop  tho  decomposition 
of  ammonium  nitrite  in  aqueous  solution. 

1  HydratineB. 

I  1.  Phent/Uit/ijlrazitie, — Ammonium  nitrite  present  on  adding  the  base 
I  fc2'1524  grams;  weight  of  base  added  ^01099  gram.  Mean  tem* 
Iperature  -65*1^  Mean  value  of  V/T  before  addition  « 1*266;  the 
■m>lation  of  gas  stopped  almost  at  once. 
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2.  Diphenylhydrazine  or  Hydrazohenzene. — Ammonium  nitrite  pre- 
sent on  adding  the  base  =21849  grams;  05  c.c.  of  a  saturated  solu- 
tion of  base  added.     Mean  temperature  =64-5°. 


Mean  value  of  r/r 

Values  of  F/T  after  addition. 

belore  addition. 

No. 

No. 

1-210 

1 
2 
3 
4 
5 

0-518 
0-459 
0-431 
0-419 
0-419 

6 
7 
8 
9 

0-428 
0  429 
0-434 
0-432 

In  ibis  case,  a  reduction  to  346/lOOOths  was  observed,  but  at  that 
point  the  rate  remained  constant  during  a  considerable  period. 

Oximes. 

1.  Acetaldoxime. — Ammonium  nitrite  present  on  adding  the  acetald- 
oxime  —2-2766  grams;  acetaldoxime  added  —0*2892  gram.  Mean 
temperature  =65  2°. 


M.'an  value  of  VjT 

Value  of  VjT  after  addition. 

before  addition. 

No. 

No. 

1-689 

1 
2 
3 

1-183 
0-815 
0-429 

4 
5 

0-260 
0-209 

2.  a-Renzaldoxime. — Ammonium  nitrite  present  on  adding  the 
benzaldoxime  «=  2*0487  grams;  benzaldoxime  added  » 0*1844  gram. 
Mean  temperature  ■»  64*1°. 


Mean  value  of  F/r 

Value  of  VjT 

after  addition. 

before  addition. 

No. 

No. 

1161 

1 
2 
8 

4 
6 

1-214 

1*070 
0*976 
0-848 
0*765 

6 

7 

8 

9 

10 

0*625 
0-610 
0  446 
0-8S2 
0-242 
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S.  $'B4ti9aldo»im$, — Ammonium  nitrite  present  on  adding  the 
^enialdoxime  « 1*8849  gram;  benzaldoxime  added  » 0*188  gram. 
Mean  temperature  i«6i'7°. 


Mean  ralue  of  r/T 

Value  o(  f'/T  after  aJdition. 

before  «Jvntion. 

No. 

No. 

1*082 

1-088 
0  913 
0817 
0-689 
0-528 

6 
7 

8 
9 

0418 

0-867 
0-224 
0-182 

I      f.v'«)xiwi«. — Ammoniuiu  nitrite  present  on  adding  the  acetoxime 
gram;  acetoxime  added  asO'113  gram.     Mean  temperacure 


M'  tn  vaiiR'  ot   »7  T 

Value  of  r/ rafter  addition. 

l>cfore  addition. 

No. 

No. 

0843 

1 
2 
3 

0-764 
0-672 
0f.05 

4 
5 

0312 
0-198 

The  action  of  the  above  oximes  is  in  all  cases  generally  the  same, 
being  neither  so  effective  nor  so  complete  as  in  the  case  of  the  amines 
and  hydrazines.  The  reduction  apparently  does  not  proceed  in  accord- 
ance with  any  simple  equation,  and  it  is  probable  that  the  reaction  is 

a* so  complicated. 

Amides. 


1.  Acetamide,  i  ecrystallised  four  times  previous  to  use. 
nitrite    present    on   adding   acetamide  =°  1  '8068   grams  ; 
acetamide  added  =  01  gram.      Mean  temperatuie  =64*2°. 


Ammonium 
weight    of 


Mean  valae  of  F/T 

Value  of  y/T 

after  addition. 

before  addition. 

> 

> 

1190 

1  • 

2 
3 

4 

1-375 
1-378 
1340 
1376 

5 
6 

7 
8 

1-888 
1-350 
1-327 
1191 
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The  addition  of  5*5  per  cent,  of  acetamide  thus  causes  a  temporary 
increavse  in  the  reaction,  and  the  rate  remains  constant  for  some 
period  of  time,  probably  as  the  result  of  two  opposing  causes  ;  on  the 
one  hand,  the  accelerating  effect  of  the  amide,  and  on  the  other,  the 
diminution  of  mass.  A  repetition  of  the  experiment  with  a  larger 
quantity  of  acetamide  gave  a  precisely  similar  result. 

2.  Butyramide  (recently  recrystallised).  Ammonium  nitrite  present 
on  adding  the  butyramide  =  2-012  grams;  weight  of  butyramide 
added  =  0-1  gram.     Mean  temperature  -=  63 '8°. 


Mean  value  of  VjT 

Value  of  r/ rafter  addition. 

before  addition. 

No. 

No. 

1-386 

1 
2 
3 

1-493 

1-389 
1-325 

4 
5 
6 

1-345 
1  248 
1-211 

3.  Benzamide  dissolved  in  alcohol  so  as  to  form  a  saturated  solution, 
of  which  0*5  c.c.  was  added.     Mean  temperature  =  65*9°. 


Tklcan  value  of  VI T 

Value  of  r/ rafter  addition. 

before  addition. 

No. 

Found. 

Calc  log.  const  = 
0-0140. 

1-702 

1 
2 
3 
4 
5 
6 
7 
8 

1-575 
1-639 
1-607 
1-423 
1-375 
1-308 
1-293 
1  209 

1-522 
1-474 
1-427 
1-381 
1-888 
1-295 
1-268 

From  these  results  it  appears  that  benzamide  neither  accelerates 
Dor  retards  the  reaction,  as  the  rate  of  decomposition  after  its  addition 
is  in  accordance  with  the  equation  given  above. 

4.  Urea.  Ammooium  nitrite  present  on  adding  urea  =«  1*8944 
grams;  weight  of  urea  added  »  0*1  gr^m.  Mean  temperature 
=  63'1°. 
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Valuo  of  /'/T*  after  addition. 

Mean  ralue  of  VI T 

before  addition. 

X... 

Found. 

Calc.  log.  const.  = 
0  022. 

. 

1 

0  SOS 

2 

07»58 

0-768 

3 

0704 

0730 

4 

0-693 

0-694 

S 

0-658 

0-660 

6 

0-641 

0-637 

7 

0-60-2 

0597 

Urea,  like  benzamide,  Deither  accelerates  nor  retards  the  reaction. 


I  mid  68. 

Of  the  imides  sufficiently  soluble  in  water  to  be  applicable  for  this 
investigation,  only  one,  namely,  benzoic  sulphinide  or  "saccharin," 
was  tried,  and  a  saturated  aqueous  solution  was  made. 

Ammonium  nitrite  present  on  adding  "  saccharin  "  =  2-2237  grams  ; 
"saccharin"  added  =0-125  gram.     Mean  temperature  =61-8°. 

Value  of  VjT  before  addition  =1-050;  immediately  after  addition, 
=  5  060,  subsequently  rising  after  three  observations  to  5-946  and 
then  to  5-986,  from  which  point  the  rate  decreased  uniformly,  the 
remaining  observations  being  given  in  Series  II  (vide  sujrra).  It 
appears,  therefore,  that  the  addition  of  this  imide  immediately  increases 
the  rate  of  evolution  of  nitrogen  by  5 — 6  times  its  value  before 
addition,  and  although  the  reaction  proceeds  according  to  the  law  of 
mass,  yet  even  after  a  large  part  of  the  ammonium  nitrite  had  been 
decomposed,  the  accelerating  effect  still  continued. 

The  results  detailed  above  may  be  summarised  as  follows  :  amines, 
hydrazines,  and  oximes  retard  or  completely  stop  the  decomposition 
of  ammonium  nitrite ;  amides  produce  either  a  slight  or  temporary 
icceleration  ;  whilst  imides  produce  a  considerable  acceleration,  without, 
however,  altering  the  law  to  which  the  reaction  can  be  referred.  lb 
is  not  proposed  to  offer  any  explanation  of  these  several  phenomena ; 
the  first  and  third  come  within  the  general  category  of  catalysis, 
but  neither  a  name  nor  a  classilication  can  be  coni>idered  to  be  an 
explanation. 


The    Formation    of  Ammonia   or    Acid. 

Arndt,  who   prepared   the    ammonium    nitrite   in  solution  by  the 
decomposition  of  barium  nitrite  with  ammonium  sulphate,  observed 
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that  such  solutions  became  alkaline  after  a  certain  time,  a  result  which 
he  attributed  to  the  formation  of  ammonia.  He  writes :  "  Bel 
einigen  Stundenlang  dauernden  Messingsreihen  was  es  mir  aufgefallen 
dass  in  der  AmmoniumnitriLlosung  Spuren  von  Ammoniak  frei 
geworden  waren,  die  der  Losung  alkalische  Reaction  verstehen." 

It  is  sjmewhat  difficult  to  understand  this  observation,  having 
regard  to  the  statement  by  the  same  writer  that  even  such  a  small 
quantify  as  1 /800th  part  of  free  ammonia  reduces  the  rate  to  nearly  one- 
third  (compare  sup'a)  ;  further,  most  solutions  of  ammonium  salts 
become  acid  when  heated. 

In  order  to  examine  this  point,  ammonium  nitrite  solutions  (pre- 
pared from  silver  nitrite),  which  generally  contained  a  trace  of  free 
acid,  were  titrated  with  a  very  dilute  solution  of  ammonia,  then  heated 
for  different  periods  of  time  and  again  titrated.  The  amount  of  salt 
present  before  and  after  the  experiment  was  estimated  by  potassium 
permanganate,  and  hence  the  percentage  decomposition  ascertained. 
The  results  are  given  in  the  following  table  : 


Acids  in  parts  per  10,000. 

Percentage  decom- 

Before. 

After. 

position. 

66 
0  3 
1-3 

0-2 
trace 

6-6 
0-3 
10 
0  2 
trace 

4-9 
10-31 
13-53 
59-63 
66-88 

From  the  above  results,  there  does  not  appear  to  be  any  indication 
of  the  formation  of  ammonia,  and  in  the  last  two  observations  the 
reaction  v\  as  continued  for  several  hours. 


Presence  of  Barium  Sulphate  and  Finely-divided  Farticles. 

As  mei.tioi.ed  abovo,  Arndt  prepared  the  ammonium  nitrite  solu- 
tions from  barium  nitrile  and  ammonium  sulphate  in  sitUy  and  be  stated 
that  the  pretence  of  the  finely-divided,  precipitated  barium  sulphate  made 
no  different  e  in  the  rate  of  evolution  of  nitrogen.  In  my  previous 
experimen's  (loc.  cit),  I  observed  that  the  addition  of  silica  and  pumice 
to  a  solution  when  heated  and  evolving  gas,  caused  a  temporary 
increase  in  the  rate  of  evolution  ;  precipitated  barium  sulphate,  although 
not  tried  in  this  p;irticular  decomposition,  was  found  to  be  an  effective 
material  in  other  cases. 
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As  the  observations  of  Arndt  and  myself  appear  to  be  discrepant, 
this  point  was  examined  incidentally.  Finely-divided  barium  sulphate 
was  prepared  by  treating,  at  the  ordinary  temperature,  a  solution  of 
recrystallised  barium  chloride  (1  litre  «:01  BaClg)  with  a  solution  of 
retrystallised  copper  sulphate  having  an  equivalent  concentration. 
The  precipitate  was  washed  by  decantation  only  until  free  from 
impurities,  other  than  a  negligible  trace  of  chloride ;  it  was  then 
ignited  in  a  platinum  crucible,  rubbed  up  in  an  agate  mortar,  and 
finally  sifted  through  fine  muslin.  In  order  to  examine  the  degree  of 
fineness,  the  pai  tides  were  examined  under  a  microscope  with  a  magni- 
fication of  1000  diameters,  and  their  average  diameter  found  to  be 
1 — 2  /I.  Without  entering  fully  into  the  details  of  the  experi- 
ments, it  need  only  be  stated  that,  on  the  one  hand,  the  addition  of  this 
precipitate  to  a  solution  evolving  gas  caused  a  temporary  increase  in 
the  rate  of  the  evolution,  the  effect  being  quite  transitory ;  on  the 
other  hand,  in  a  comparative  experiment  in  which  two  solutions,  one 
without  and  the  other  with,  barium  sulphate  were  heated  side  by  side, 
it  was  found  that  at  first  the  evolution  of  gas  was  more  rapid  from  the 
solution  containing  the  precipitate,  but  subsequently  the  rates  of 
evolution  became  equal.  The  barium  sulphate,  therefore,  merely  pro- 
duces an  alteration  in  the  quantity  of  nitrogen  gas  stored  within  the 
solution. 

The  main  points  of  the  present  communication  may  be  summarised 
as  follows : 

(1)  The  decomposition  of  ammonium  nitrite  into  nitrogen  and 
water  proceeds  according  to  the  general  law 

logA/A-x  =  aT, 

whether  in  the  presence  or  absence  of  an  accelerator. 

(2)  This  decomposition  is  either  impeded  or  stopped  by  ammonia 
liberated  in  the  solution  by  the  addition  of  metallic  oxides ;  it  is  also 
similarly  affected  by  amines  and  hydrazines,  and  to  a  less  degree  by 
oximes. 

(3)  The  decomposition  is  temporarily  accelerated  by  amides  of  the 
paraffin  series,  but  other  amides  are  ineffective. 

(4)  Benzoic  sulpLinide,  the  only  imide  tried,  produced  a  consider- 
able acceleration. 

(5)  Solutions  of  ammonium  nitrite,  prepared  from  silver  nitrite 
and  ammonium  chloride,  do  not  become  alkaline  in  the  course  of 
decomposition. 

I  have  to  express  my  obligations  to  Mr.  H.  C.  Buck  for  assistance 
in  the  course  of  this  investigation. 
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LXXVII. — Ihe   Klt'clrolijltv  Jii'dactiou    of  Pheno-    and 
NapJitho-morpholones, 

By  Frederic  Herbert  Lees  and  Frank  Shedden. 

It  has  been  shown  by  Knorr  and  others  that  morphine  is  an  iV-methyl- 
dihydroxytetrahydrophenanthroraorpholine,  having,  with  a  high  degree 
of  probability,  the  constitution  : 


r?" 


Wh-0 Z^"^- 

HO-Hci     J 

From  the  observation  of  Leubuscher  (compare  Knorr,  Annalen^ 
1899,  307,  172,  and  Ber.,  1899,  32,  742—749)  that  iT-alkyl  derivatives 
of  the  synthetical  base  tetrahydronaphthomorpholine  (naphthalan- 
morpholine),  represented  by  the  formula  : 

CH2        O 

I  I!  1^  1^2 

CH,       NH 

have  a  physiological  action  closely  resembling  that  of  morphine,  it 
would  appear  that  this  alkaloid  owes  its  narcotic  action  to  the  presence 
of  the  residue ; 

0 

:ch/\ch2 
:cH\  /CH2* 


N-CHj 

The  two  carbon  atoms  which  are  common  to  the  morpholine  residue 
and  the  partially  reduced  aromatic  nucleus  are,  in  the  case  of  the 
synthetical  base,  contiguous,  whereas,  in  that  of  morphine  they  occupy 
a  ;7eri-position  ;  this  difference,  however,  does  not  affect  the  physiologi- 
cal action.  In  view  of  the  foregoing  relationship,  it  appeared  of 
interest  to  consider  the  production  of  some  morpholine  derivatives 
by  such  methods  as  would  render  them  available  for  therapeutic 
use,  in  case  a  systematic  study  of  their  physiological  action  should 
prove  favourable.  Some  experiments  with  this  object  in  view  were 
initiated  by  one  of  us  in  association  with  S.  B.  Schryver,   but  were 
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for  a    time    ilisconMr  ;    1        l>y  agreement    win  >  liryver,    tlio 

work  has  boon  resum.  a  ny  the  authors,  who  now  |  some  of  thoir 

results. 

Since  Tafel  (5«r.,  1899,  32,  68,  and  1900,  33,  2209)  had  obtained 
such  excellent  results  by  the  electrolytic  reduction  of  numerous 
simple  and  complex  amides,  whereby  the  groupings  -CO'NUg  and 
-CO'NH-R  were  respectively  converted  into  those  of  tho  types 
-CHj'NH,  and  -CHj«NH*R,  it  was  thought  that  the  application  of 
the  same  method  to  such  cyclic  amides  as  phenomorpholone, 

and  its  analogues  and  homolognes  might  lead  to  the  production  of  the 
corresponding  morpholines.  In  certain  cases,  these  derivatives  were 
obtained,  but  the  yields  were  small  owing  to  the  remarkable  and 
unexpected  instability  of  the  morpholone  ring  under  the  reducing 
conditions  employed. 

From  its  mode  of  formation  by  the  reduction  of  o-nitrophenoxy- 
acetic  acid,  phenomorpholone  may  be  regarded  as  either  the  lactam  or 
lactim  of  the  o-amino-acid  : 

Wheeler  and  Barnes  (Amer.  Cliem.  J".,  1898, 20,  555),  as  the  result  of 
an  extended  study  of  its  0-  and  iV^-ethers,  prepared  from  the  silver  and 
sodium  derivatives  respectively,  have  decided  on  formula  I  for  pheno- 
morpholone. The  more  recent  investigations  of  Titherley  (Trans.,  1901, 
79,  409),  Hantzsch  (5er.,  1902,  35,  2717),  and  Lander  (this  vol.,  414), 
however,  support  the  view  that  certain  compounds  containing  metallic 
radicles  display,  when  in  solution,  the  phenomenon  of  tautomerisra, 
and  this  might  also  apply  to  the  corresponding  hydrogen  compounds. 
These  considerations  render  it  very  difficult  to  decide  which  of  the 
complexes  -NH'CO-  and  -NIC(OH)-  is  present  in  the  molecules  of 
the  hydrogen  compounds. 

A  fact  which  has  supported  the  supposition  that  the  anilides 
actually  contain  the  grouping  -CO'NH-  is  that  the  boiling  point  of 
0-ethylformanilide  is  82*^  lower  than  that  of  formanilide,  whereas  the 
0-ethyl  ethers  of  true  oxymethylene  compounds  boil  at  higher 
temperatures  than  the  parent  substances  (Claisen,  Annalerij  1895, 
287,  362).  A  comparison  of  the  boiling  points  of  other  substituted 
amides  and  of  phenomorpholone  with  those  of  their  respective  0-  and 
3^-methyl  and  ethyl  ethers  also  confirms  the  above  supposition  (compare 
Lander,  Trans.,  1901, 79,  691),  and  at  the  same  time  shows  that  phenO' 
morpholone  falls  within  the  same  category. 
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Hydrogen 

N'Rthen.  O-Eihers,  compounds. 

Methyl  ac^tanilide     253°  197°  \ 

Ethyl  acetanilide  258  207  J  ^^*° 

Methyl  aceto  0  toluidide    252  212   ^ 

Ethyl  aceto-o-toluidide  255  222  J  ^^^ 

Ethyl  aceto-jo-toluidide 258  232  307 

Mahyl  phenomorpholone 290   (156°,  135—136° 

14  mm.)  (21  mm.)  *  «.,k 
Ethyl  phenomorpholone    287   (158°,         135— 136°i 

15  mm.)  (16  mm.) 

These  physical  data  favour  the  conclusion  of  Wheeler  and  Barnes 
(loc.  cit.),  and  such  evidence  will  probably  be  found  to  be  of  more  value 
than  that  of  a  purely  chemical  nature  in  clearing  up  the  anomalies  due 
to  tautomerism,  which  exist  among  substances  of  the  amide  class  and 
their  derivatives. 

When  phenomorpholone,  dissolved  in  90  per  cent,  sulphuric  acid, 
was  electrolytically  reduced  according  to  Tafel's  method  (Ber., 
1900,  33,  2209),  and  the  temperature  of  the  cell  kept  below  30°,  no 
phenomorpholice  was  found,  but  acetyl  o-aminophenol,  ethyl -o-amino- 
phenol  and  isoacetyl-oaminophenol  were  isolated  as  the  products  of 
the  reduction.  The  only  explanation  of  the  formation  of  these  sub- 
stances is  that  the  morpholone  ring  is  ruptured  on  reduction,  accord- 
ing to  the  scheme : 

As  far  as  we  are  aware,  such  a  disruption  of  an  aryloxy -derivative 
by  reduction  at  a  low  temperature  has  not  hitherto  been  noticed. 

The  tifoacetyl-o-aminophenol  n^elted  at  190°  with  decomposition,  was 
soluble  in  dilute  potassium  hydroxide,  and  its  alcoholic  solution  gave 
a  bluish-green  coloration  with  ferric  chloride.  When  heated  at  its 
melting  point,  it  evolved  a  molecular  proportion  of  water,  forming  an 
oil  which   distilled   completely  at    190°,  and   proved   to   be   ethenyl- 

oaminophenol,   CgH,<C^^C*CHjj. 

This  behaviour  distinguished  it  from  acetyl-o-aminophenol,  which 
melts  at  204°  and  is  only  partially  converted  into  the  ethenyl  base  by 
distillation,  this  taking  place  at  a  temperature  considerably  higher 
than  its  melting  point. 

The  comparative  ease  with  which  Moacetyl-o-aminophenol  parts 
with  water,  forming  etbenyl-o-aminopbenol,  leads  us  to  suggest  that  it 

lias  the  structure OjH^^ J,. ^^jjx^u  ,   which   represents  it  as   the 
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enolie  nodiSeation  of  aMtjI-oaminophenol.  lu  formation  might  be 
explained  by  amuming  that  phcnomorpholono  exiati  io  aolutioD  aa  a 
mixture  of  its  tautomeric  isomerideft,  which  respeotivelj  tuffer 
disruption  during  reduction  in  the  manner  already  shown,  giving  rine 
to  the  two  oorreHponding  isomeric  acetyl  aminophenolH.  Then, 
aitsuming  that  the  rate  of  formation  of  the  imino-form  of  acetyl- 
(vaminophenol  exceeds  that  of  its  transformation  into  the  amino- 
modiSeation,  it  is  only  necessary  that  the  contents  of  the  electrolytic 
cell  should  be  diluted  at  an  appropriate  stage  in  order  to  cause  the 
separation  of  the  lees  basic  isomeride. 

According  to  the  formula  suggested,  Moacetyl  o-amiDophenol  i8  the 
hydroxy  derivative  of  an  .V-arylacetiminoether,  and  is  the  first  example 
of  this  class  of  compound.  The  following  scheme  possibly  represents 
the  reduction  of  phenomorpholone  : 

It  n 

On  electrolytic  redaction,  iT-methylpheDomorpholone  eIho,  for  the  most 
part,  underwent  disruption  in  the  same  way,  and  gave  as  the  principal 
products  'S •acetyl melki/l'O-aminophenol  and  'N-jnetht/lethf/l-o-aminopfienoL 
In  this  case,  however,  a  yield  of  about  10  per  cent,  of  iV-methylpheno- 
morpholine  was  obtained,  this  product  being  identical  in  all  respects 
with  that  prepared  by  Knorr  by  another  method  (Ber.j  1889,  22, 
2081,  and  1899,32,  732). 

Attempts  to  prepare  a  morpholone  from  a-naphthol  according  to  the 
method  which  so  readily  gives  phenomorpholone  were  without  success, 
owing  to  the  very  sparing  solubility  in  water  of  the  sodium  and 
potassium  derivatives  of  /3-nitro-a-uaphthol,  which  renders  their  inter* 
action  with  sodium  chloroacetate  impracticable,  the  latter  becoming 
almost  entirely  hydrolysed  before  the  desired  condensation  has 
proceeded  even  to  a  small  extent.  An  attempt  to  prepare  the  necer- 
sary  /3-nitro-anaphthoxyacetic  acid  by  another  method,  namely,  by 
nitrating  a-naphthoxyacetic  acid,  was  also  unsuccessful,  as  the  resuliing 
nitro-acid  did  not  yield  a  morpholone  on  reduction,  and  was  probably 
the  a'-nitro-acid,  the  nitration  having  taken  place  as  in  the  case  of 
ci-naphthyl  ethyl  ether  (compare  Heermann,  J,  pr,  Chem  ,  1891,  44^ 
240). 

On  the  other  hand,  a-ntlro- pnaphlhoxy acetic  acid  waseisily  obtained 
either  by  nitrating  )3-oapbthoxyacetic  add,  or  by  condensing  the 
sodium   salt  of   a-nitro-/3  naphthol    with   sodium   chloroacetate.      On 
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reduction,  it  gave  the  anhydride  of  the  corresponding  amino-acid,  or 
P-naphthomorpholonej 

(a)  (a) 

This  substance  could  not  be  electrolytically  reduced,  as  it  is  insoluble 
in  a  sulphuric  acid  solution  containing  less  than  95  per  cent,  of  acid, 
and  with  acid  of  this  concentration  an  immediate  separation  of  a 
sul phonic  acid  ensues. 

1^- Methyl- p-ncqMiomorpholone  was  prepared,  and  as  it  is  more  basic 
than  the  hydrogen  compound,  it  readily  dissolved  in  80  per  cent.  acid. 
On  electrolytic  reduction,  it  behaved  like  i\^-methylphenomorpholone. 
The    principal     product    was    'i^-methylethyl-a- amino- ^-naphtholy    and 

"N -methyl' jS-naphtkomorpholine J  CiQHg<^  I     ^  was  also  formed 

in  small  amount. 

Experimental. 

The  cathode  of  the  electrolytic  cell  was  a  hollow,  leaden  cylinder,* 
closed  at  one  end,  which  had  externally  a  diameter  of  2*5  cm.  and  a 
length  of  14  cm.  ;  the  open  end  was  fitted  with  a  stopper  and 
two  glass  tubes,  so  that,  if  necessary,  cooling  could  be  effected  by 
allowing  water  to  flow  through  the  electrode.  This  was  placed  in  a 
porous  pot  which  had  an  internal  diameter  of  4*5  cm.  and  a  depth  of 
12  cm.  Neglecting  the  flat  bottom  of  the  cathode  which  rested  on 
the  porous  pot,  a  ratio  of  1  : 1  was  obtained  between  the  vertical  area 
in  square  centimetres  of  the  submerged  electrode  and  the  volume  in 
cubic  centimetres  of  the  inner  cell  contents. 

The  anode  was  made  by  bending  a  plate  of  lead  so  as  to  completely 
encircle  the  inner  cell  at  a  uniform  distance  of  one  centimetre.  The 
connections  were  made  by  lead  rods  which  projected  beyond  the  sides 
of  the  cell. 


Electrolytic  Reduction  of  Phenomorpholone, 

Phenomorpholone  (10  grams),  dissolved  in  90  per  cent,  sulphuric 
acid  (50  c.c),  was  introduced  into  the  porous  cell,  previously  soaked 
in  60  per  cent,  acid,  with  which  the  outer  cell  was  filled,  the  whole 
apparatus  being  kept  cool  by  immersion  in  water.     After  passing  a 

•  Tafel  {Ber.y  1900,  33,  2209)  has  einphasisod  the  absolute  necessity  of  using 
chemically  pure  lead,  as  the  preseucu  even  of  traces  of  certain  foreign  metala 
seriously  retards  reduction.  The  lead  employed  was  purchased  in  the  form  of  pure 
foil,  from  which  the  electrodes  were  cast  by  ourvelves. 
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current  of  6  am^^eres  for  3  hours,  with  tho  temperature  at  35°,  the 
coDteuts  of  the  cell  were  poured  into  water  (500  c.c),  and  the  precipi- 
tate, which  for  the  most  part  consisted  of  lead  sulphate,  collected, 
washed  until  free  from  acid,  and  dried. 

isoilce<y/-o-a/mm>/);i«no/,  CaH,(0H)N:C(CH3)-0H. 

By  extracting  the  above  precipitate  with  hot  alcohol,  filtering  and 
concenti^ting,  the  woacetyl-o-aminophenol  separated  in  colourless, 
lustrous  leaflets,  which,  after  several  recrystallisations  from  the  same 
solvent,  melted  at  190 — 191°  with  evolution  of  water  vapour  : 

01164  gave  0-27  CO,  and  00644  H.^.     0  =  633;  H  =  6  1. 
CgHjjOjN  requires  C  =  63*6  ;  H  =  60  per  cent. 

This  product  is  somewhat  more  acidic  than  acetyl-o-aminophenol,  a 
fact  which  was  shown  by  its  separation  when  the  strongly  acid  con- 
tents of  the  electrolytic  cell  were  diluted  with  water,  whilst,  on  the 
other  hand,  the  acetyl-o-aminophenol,  which  was  present  in  larger 
amount,  remained  dissolved.  The  former  is  soluble  in  dilute  aqueous 
solutions  of  the  caustic  alkalis,  and  its  alcoholic  solution  develops  a 
bluish-green  coloration  with  ferric  chloride. 

The  amounts  of  this  substance  obtained  from  a  number  of  reduc- 
tions varied  considerably;  in  one  case,  35  grams  resulted,  in  others, 
not  more  than  0  5  gram  was  obtained,  and  in  many  experiments  this 
product  could  not  be  isolated. 

When  woacetyl  o-aminophenol  (3  grams)  was  gently  heated  in  a 
small  distillation  apparatus  until  it  melted,  a  vigorous  evolution  of 
steam  took  place.  The  residual  oil  distilled  completely  at  180 — 195°  ; 
this  product  was  then  dissolved  in  ether,  dried  with  potassium 
carbonate  and  redistilled,  when  it  boiled  at  205 — 207°  : 

0-1756  gave  04641  CO2  and  00869  H^O.     0  =  72-1  ;  H  =  5  5. 
OgHyON  requires  0  =  722  ;  H  =  53  per  cent. 

The  substance  was  a  base,  had  a  characteristic  odour,  and  when  its 
solution  in  dilute  hydrochloric  acid  was  boiled  for  a  few  minutes, 
cooled,  and  then  sown  with  a  trace  of  acetyl-o  aminophenol,  a  quantity 
of  this  substance  separated,  which  melted  at  205°.    The  ba5?e  was  thus 

shown  to  be  identical  with  ethenyl-o-aminophenol,  CgH^<Oi^0*CH3 

(Ladenburg,  Ber.y  1876,  9,  1524). 

Acetyl-o-amiiwphenol.- — The  acid  filtrate  from  the  precipitate  of  lead 
sulphate  and  i^oacetyl^aminophenol  was  nearly  neutralised  with 
calcium  carbonate,  filtered  from  calcium  sulphate,  and  while  still  acid, 
extracted  several  times  with  ether.  The  ethereal  solution  yielded  a 
crystalline  product,  which,  after  recrystallisation,  melted  at  205°  and 
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had  all  the  properties  of  acetyl-o-aminophenol,  being  definitely  iden-* 
tified  as  such  by  the  fact  that  when  heated  at  140°  for  3  hours  with 
concentrated  hydrochloric  acid,  it  was  decomposed  into  acetic  acid  and 
o-aminophenol  (m.  p.  175 — 176°). 

Ethyl-o-aminophenol. — Tbe  residual  aqueous  liquid  from  the  ethereal 
extract  was  made  alkaline  with  sodium  carbonate,  and  again  extracted 
repeatedly  with  ether.  The  ethereal  solution  was  washed  with  a 
little  water  and  then  shaken  up  with  dilute  hydrochloric  acid.  From 
this  acid  extract,  after  evaporation  in  a  vacuum  desiccator,  a  quantity 
of  pink  crystals  was  obtained.  These  were  purified  by  recrystallising 
from  a  mixture  of  alcohol  and  acetone,  and  then  melted  at  220°: 

01 156  gave  0-2336  OOg  and  00722  HgO.     C-55-1 ;  H  =  6-9. 
0-2202     „     0-1798  AgCl.    Cl  =  20-2. 

CgHjiONjHCl  requires  C  =  55-3  ;  H  =  6-9  ;  CI  =  20-5  per  cent. 

That  this  was  the  hydrochloride  of  ethyl-o-aminophenol  was  shown 
by  the  fact  that  on  decomposition  with  dilute  sodium  carbonate  it  gave 
the  crystalline  base  melting  at  112°,  from  which  the  nitroso-derivative, 
decomposing  at  121°,  was  easily  obtained. 

Electrolytic   Reduction    of  '^•Methylphenomorpholone. 

iV^-Methylphenomorpholone  (20  grams)  was  dissolved  in  60  per  cent* 
sulphuric  acid  (100  c.c),  and  electrolytically  reduced  in  the  inner  cell. 
The  outer  cell  contained  40  per  cent.  acid.  A  current  of  12  amperes 
was  passed  for  3  hours,  the  temperature  being  maintained  below  35° 
by  a  continuous  stream  of  cold  water  flowing  through  the  hollow 
leaden  cathode*  The  contents  of  the  cell  were  then  diluted  with 
water  (500  c.c),  and  the  solution  filtered  to  remove  lead  sulphate. 


J^'Acetylmethylo-aminophenot,  CgH/OH)-N(CH3)-CO'CH3. 

The  acid  filtrate  from  the  lead  sulphate  was  extracted  repeatedly 
with  ether.  The  ethereal  solution  yielded  on  evaporation  a  white^ 
crystalline  cake,  which,  when  recrystallised  from  methylal,  separated 
in  glistening  needles  melting  at  150°  : 

01055  gave  02542  COj  and  00649  Ufi.     C  =  65-7  ;  H-6-g. 
CgHj^OjN  requires  0  «  65*6 ;  H  =■  6  7  per  cent. 

The  substance  was  shown  to  be  i\^-acetylmethyl-o-aminophenol  by 
heating  it  at  140°  for  3  hours  with  concentrated  hydrochloric  acid^ 
when  it  was  decomposed  into  acetic  acid  and  iV^methyl-o-amino- 
phenol  j  the   latter,   when   crystallised   from   a   mixture  of   benzene 
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and  light  petroleum,  formed  colourless,  rhombic  leaflets  melting  at 
96—97°:* 

00995  gave  0*2493  CO,  and  0066  Hfi,     C  «  683  ;  H  -  74. 
CyHjON  requires  C  =  68*3  ;  H  »  7*3  per  cent. 

3'^Acetylmethyl-o-aminophenol  is  readily  soluble  in  alcohol,  and  can 
be  recrystallised  from  hob  water  ;  with  ferric  chloride,  its  aqueous 
solution  develops  a  purple  coloration,  changing  to  brown. 

In  addition  to  the  amount  of  ^-acetylmethyl-o-aminophenol  iso- 
lated by  the  above  extraction  with  ether,  a  further  quantity  was 
obtained,  after  removing  the  bases,  by  neutralising  the  alkaline 
liquid  with  sulphuric  acid,  evaporating  to  dryness,  and  extracting  the 
residue  with  hot  alcohol. 


^^-Jfethf/Ut/iyl-o-aminopIienoiy  CgH^(OH)-N(CH3)-C2H5,  and  ^-Methyl- 

phenonwrpfioline. 

The  acid  liquid,  from  which  some  of  the  acetylmethyl-o-amino- 
phenol  had  been  removed,  was  made  alkaline  with  sodium  carbonate 
and  extracted  with  ether ;  the  ethereal  extract  was  dried  with 
potassium  carbonate,  concentrated  to  70  c.c,  and  mixed  with  20  c.c.  of 
absolute  alcohol.  Hydrochloric  acid  gas  was  then  passed  into  the 
I  urple  solution  until  the  colour  changed  to  green.  The  glistening 
crystals,  which  separated  on  leaving  the  solution  overnight,  when 
recrystallised  from  a  mixture  of  alcohol  and  ether,  formed  well- 
defined,  colourless  double-pyramids  melting  at  150°.  The  substance 
proved  to  be  N-viethyhihyl-o-aminopJienol  hydrochloride  : 

0-1289  gave  02714  CO2  and  00856  HgO.     0  =  57*4  ;  H  =  7-4. 
C9Hi30N,HCl  requires  0  =  576  ;  H  =  7'5  per  cent. 

It  is  very  freely  soluble  in  water  or  alcohol.  Its  aqueous  solution, 
on  treatment  with  the  reagents  mentioned,  behaved  as  follows  : 

Ferric  chloride    A  brownish-purple  coloration. 

Hydrochloric    acid    and    sodium 

nitrite  A  pale  yellow  coloration. 

Ohromic  acid    A  blood-red  coloration. 

Sodium  carbonate   An      oily      base     completely 

soluble  in  caustic  alkalis. 


\ 


•  Seidel  (/.  pr.  Chem.y  1890,  42,  453)  gives  the  melting  point  of  methyl -o-amino- 
phenol  as  "above  80**  with  deaom position."  He  was  obviously  dealing  with  an 
impnie  specimen,  for  apart  from  the  fact  that  his  melting  point  is  far  toe  low,  the 
percentage  of  carbon  as  calculated  from  his  analytical  figures  is  61  1,  although 
incorrectly  given  as  67*9. 

VOL.  LXXXIII.  3   E 
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iV^-Methylphenomorpholine  hydrochloride  was  obtained  from  the 
ether-alcohol  mother  liquor  from  the  foregoing  hydrochloride,  by 
shaking  repeatedly  with  water,  rendering  the  aqueous  solution 
alkaline  with  sodium  carbonate,  and  extracting  with  ether.  After 
drying  with  potassium  carbonate,  the  ethereal  solution  was  concentrated 
considerably,  a  little  absolute  alcohol  added,  and  hydrochloric  acid 
passed  in  as  before.  In  this  way,  a  crystalline  hydrochloride  was 
obtained  which  melted  at  166°,  and  on  recrystallisation  from 
alcohol,  in  which  it  was  only  sparingly  soluble  in  the  cold,  formed 
long,  glistening  needles,  which  then  melted  at  167 — 168°  to  an 
emerald-green  oil. 

0-1204  gave  0-2587  COg  and  0-0728  H^O.     0  =  58*6  ;  H  =  6-7. 
C9HiiO]Sr,HCl  requires  0  =  58*2  ;  H  =  6'5  per  cent. 

The  melting  point  of  iV^-methylphenomorpholine  hydrochloride  is 
given  by  Knorr  {Ber.,  1889,  22,  2098)  as  162°.  The  identity  of  this 
product  with  methylphenomorpholine  was  fully  established  as  follows. 
The  addition  of  caustic  alkali  to  a  solution  of  the  hydrochloride 
precipitated  an  oily  base  of  characteristic  odour  which  was  quite 
insoluble  in  excess  of  the  reagent.  The  base  was  extracted  and 
distilled,  when  it  boiled  entirely  at  252 — 254°  under  a  pressure  of 
769  mm,  and  was  obtained  as  a  colourless  oil,  which  gave  the  charac- 
teristic oxidation  colour  reactions  of  methylphenomorpholine. 

0'1017  gave  0-2693  OOg  and  0-0682  Ufi.     0  =  72*2  ;  H  =  7*5. 
CgHiiON  requires  0  =  72*5  ;  H  =  7*4  per  cent. 

The  methiodide  was  also  formed  ;  it  melted  at  195 — 200°  with  evo- 
lution of  methyl  iodide. 

Preparation   of   N-Methyl-P-7iaphthomorpholone. 
a-NitrO'P-naphthoxyacetic    acid,   OiQHg(N02)'0*OH2*002H,    can    be 

a  /3 

obtained  in  two  ways,  but  more  conveniently  by  nitrating  ^-naphth- 
oxy acetic  acid.  This  acid  was  prepared  from  yS-naphthol  and  chloro- 
acetic  acid  under  conditions  which  varied  somewhat  from  those  given 
by  Spica  {Gazzetta^  1886,  16,  441),  in  that  the  hot  solution  of  the 
sodium  salts,  after  the  condensation,  was  not  acidified,  and  subsequently 
treated  with  ammonium  carbonate  and  ether  to  remove  )3-napthol,  but  was 
allowed  to  cool,  when  the  sodium  salt  of  the  required  acid  separated  in 
an  almost  pure  state,  and  in  large  quantity. 

)3-Naphthoxyacetic  acid  (100  grams)  was  dissolved  in  glacial  acetic 
acid  (600  c.c),  the  solution  cooled,  and  70  c.c.  of  nitric  acid  (sp.  gr. 
1-42)  cautiously  added  with  stirring.  On  allowing  the  mixture  to 
remain  for  2  hours,  the  nitro-acid  separated,  and,  after  washing  with 
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acetic  acid,  melted  at  185^     On  recrjstallisation  from  acetic  acid,  it 
separated  in  short,  flattened,  yellow  prisms  which  melted  at  188 — 189^ 
The  yield  amounted  to  80  per  cent,  of   the  ^-naphthozyacetic  acid 
:n  ployed : 

01 148  gave  02458  CO,  and  00372  H,0.     C-58-4  ;  H-3-6. 
Cj^HgOjN  requires  C  =  58-3  ;  H-3-6  per  cent. 

In  order  to  prove  that  the  direct  nitration  of  y3-naphthoxyaceticacid 

led  to  the  production  of  the  a-nitro-compound,  a-nitro /3-naphthol  (Sten- 

liouse  and  Groves,  AnnaUenf  1877, 189,  151),  prepared  from  the  a-nitroso- 

oin pound    (Groves,    Trans.,    1884,   45,    295),    was    condensed   with 

hioroocetic  acid  by  boiling  an  aqueous  solution  of  their  respective 

otassium  salts  in  molecular  proportion,  for  several  hours.     The  hot 

.ujueous  liquid  was  then  decanted  from  some  a-nitro-^-naphthol,  which 

hid  sepai-ated  owing  to  a  side  reaction,  concentrated  considerably,  and, 

while  still  hot,  acidiBed   with  concentrated    hydrochloric   acid.     The 

nitro-acid  then  crystallised  out,  and  after  recrystallisation  from  acetic 

c  id  melted  at  188 — 189°.     It  was  in  all  respects  identical  with  the 

acid  prepared  according  to  the  foregoing  method. 


f\ PIT  o»r*iT 

p-XaphlKonim'phofom,  C,,Y[,<i^^^^''  or  ^lo^^K^-J^.^^' 

(a)  (a) 

a-Nitrc-/?-naphthoxyacetic  acid  (100   grams)   was  dissolved  in  hot 

hicial  acetic  acid  (400  c.c.)  and  a  quantity  of  boiling  water  (200  c.c.) 

Ided.     This  was  followed  by  the  cautious  addition  of  iron  filings  (80 

grams)  to  the  hot  solution.    When  the  reaction  became  too  vigorous,  it 

was  checked  by  placing  the  flask  in  water  for  a  moment,  the  reduction 

ing  completed    by   heating   on   the  water-bath    for  an  hour.     The 

iiiixture,  after  dilution  with  an  equal  volume  of  water,  was  cooled  and 

tiltered.     The  precipitate  contained  the  ^-naphthomorpholone,  mixed 

with   a    considerable    amount   of    iron  acetate    which    was    removed 

l>y  suspending  the  precipitate  in    a  20  per  cent,  solution  of  caustic 

•la,  adding  hot  alcohol  (500    c.c),  boiling  for  a  short   time,  and 

altering.     The  filtrate,  when  concentrated  by  distillation,  diluted  with 

water,  and  acidified  with  hydrochloric  acid,  deposited  the  ^ff-naphtho- 

')rpholone  in  a  nearly  pure  state,  the  yield  amounting  to  80 — 90  per 

at.  of  the  theoretical.     On  recrystallisation  from  acetic   acid,  the 

impound  formed  fine,  glistening  needles  which  melted  at  215 — 216°: 

01 142  gave  0*3026  COj  and  00472  H^O.     0  =  723  ;  H  =  4-6. 
CjjH^OjN  requires  0  =  72-4;  H  =  45  per  cent. 

yS-Naphthomorpholone  closely  resembles  its  analogue,  phenomorpho- 

3  E  2 


763      LEES    AND   SHEDDEN  :   THE    ELECTROLYTIC   REDUCTION   OF 

lone;  it  is  acidic  in  character,  being  readily  soluble  in  ciustic  alkalis, 
but  not  in  alkali  carbonates.  Its  acidic  hydrogen  atom  is  readily 
replaceable  by  metallic  and  alkyl  radicles. 

/^ OH" 

Is -Methyl-^  naphthoihorpholone,  ^io^6<;^t/qu  ycO^' 

(a)  ^ 

This  was  readily  obtained  and  in  theoretical  amount  by  the  inter- 
action of  the  sodium  derivative  of  jS-uaphthomorpholone  with  methyl 
iodide,  in  alcohol  at  100°.  The  addition  of  water  to  the  hot  liquid 
precipitated  the  compound  in  white  needles.  When  recrystallised  from 
absolute  alcohol,  it  formed  long,  colourless  needles  which  melted  at 
84—85°  : 

0-1157  gave  0-3095  CO2  and  00542  HgO.     C  =  730;  H  =  5'2. 
C13H11O2N  requires  C  =  73-2  ;  H  =  5-2  per  cent. 

It  is  quite  insoluble  in  caustic  alkalis,  and  not  appreciably  dissolved 
by  acids,  except  when  the  latter  are  concentrated. 

Electrolytic    Reduction    of   "N-Methyl-P-naphtho- 
morpholone. 

The  preceding  substance  (20  grams),  dissolved  in  80  per  cent, 
sulphuric  acid  (100  c.c),  was  electrolytically  reduced  in  the  inner  cell. 
The  outer  cell  contained  60  per  cent,  acid,  and  a  current  of  4  5  amperes 
was  maintained  for  4  hours,  while  the  temperature  was  kept  below 
22°  by  passing  water  through  the  hollow  cathode.  The  inner  cell 
contents  were  then  diluted  with  water  (500  c.c.)  and  filtered  from  lead 
sulphate,  together  with  a  little  methyl-)3-naphthomorpholone  which 
had  escaped  reduction.  The  filtrate  was  made  alkaline  with  sodium 
carbonate,  and  extracted  repeatedly  with  ether.  The  ethereal  solution 
was  washed  with  water,  and  then  extracted  with  hydrochloric  acid  to 
remove  the  bases ;  it  was  finally  dried  and  the  ether  removed.  The 
residue  consisted  entirely  of  a  small  amount  of  unchanged  methyl- 
j8-naphthomorpholone. 

The  hydrochloric  acid  solution  of  the  bases  was  made  alkaline  with 
sodium  carbonate,  and  these  compounds  again  taken  up  with  ether. 
The  ethereal  solution  was  dried  with  potassium  carbonate,  and 
the  ether  removed.  The  residual  basic  oil  obtained  in  this  way  from 
200  grams  of  the  morpholone  amounted  to  125  grams.  It  was 
fractionally  distilled  under  a  pressure  of  40  mm.,  when  the  following 
fractions  were  obtained  as  pale  yellow  oils  : 

I.  B.  p.  195— 198°  =  65  grams.     III.  B.    p.    205—215°)       ^. 
II.  B.  p.  193—205° -16  grams.     IV.       „       215— 225°  j"    ^'^^ 
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Fractions   1  ami  II    were  for  t\\o  i  oluble  in  cold  10  per 

cent,  caustic  potanh,  and  the  former  >  crystalline  ;  fractions 

III  and  IV,  on  the  other  hand,  remained  oily,  and  were  practically 
insoluble  in  caustic  potash.  These  results  indicated  that  the  principal 
product  was  of  phenolic  character,  and  that  a  smaller  amount  of  a 
morpholine  had  also  been  produced. 


J^-Methylethyla-aminoP-iuiphthol,    C,o H (j(Oli)-]N' (C.^  11^-0^3. 

After  several  unsuccessful  attempts  to  prepare  crystilline  salts  of 
A^-methylethyl  a-amino-)3-naphthol  and  the  mineral  acids  from  fractions 
1  and  II,  it  was  found  that  the  aulphocamphylate  answered  the 
purpose.  The  combined  fractions  were  therefore  converte*!  into  this 
salt,  which,  when  recrystallised  from  water,  formed  clusters  of  prismatic 
needles  containing  a  molecule  of  water  : 

0-5512  of  the  a^r-dried  salt  at  115°  lost  0-0208.     H20  =  3-8. 
0-3796         „  „  gave,  after  fusion  with  NajCO.j,  0  1988 

BaSO^.     S  =  7-2. 
Ci3Hi^ON,C9Hi405S,H20  requires  H20  =  4  and  S  =  7-l  per  cent. 

The  salt  is  readily  soluble  in  alcohol,  but  on  adding  ether  it 
separates  again  in  hard,  glistening,  anhydrous  prisms  melting  at 
203 — 204°.  A^-Methylethyl-a-aminoy8-naphthol  was  easily  obtained 
from  the  pure  sulphocamphylate.  On  distillation  under  40  mm. 
pressure,  it  boiled  completely  at  193°,  being  obtained  as  a  yellow 
oil,  which,  on  cooling,  set  to  a  hard,  crystalline  mass  of  needles 
melting  at  25—27°: 

01034  gave  02942  COg  and  00712  HgO.     0  =  77-6;  H  =  7  0. 
CijHjjON  requires  0  =  776  ;  H  =  75  per  cent. 

iV*Methylethyl-aamino-)8-naphthol,  although  practically  colourless 
when  freshly  distilled,  soon  darkens  on  exposure  to  the  air;  it  is 
easily  soluble  in  dilute  solutions  of  the  caustic  alkalis,  and  its 
solution  in  absolute  alcohol  develops  a  deep-brown  coloration  with  ferric 
chloride.  The  addition  of  sodium  nitrite  to  its  solution  in  dilute 
hydrochloric  acid  gives  no  coloration.  The  hydriodide  was  prepared  in 
acetone  solution  and  precipitated  by  ether  in  rosettes  of  fine  needles, 
which  melted  at  183°  with  evolution  of  hydrogen  iodide  : 

k  0-1698  gave  02978  CO2  and  00789  B.f>.     0  =  47-8  ;  H  =  52. 
Ci3Hij.0N,HI  requires  0  =  474  ;  H  =  4  9  per  cent. 
The  (Mcelyl  derivative  is   a  colourless,    stable   oil,    which    boils   at 
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01 142  gave  03107  00.^  and  0-0736  HjO.     0  =  74*2  ;  H  =  7-2. 
C,3Hi^(C2H302)N  requires  C  =  74-1  ;  H  =  7*0  per  cent. 

Its  solution  in  absolute  alcohol  gives  with  ferric  chloride  a  green 
coloration,  a  similar  colour  [change  being  produced  by  adding  sodium 
nitrite  to  a  solution  of  the  ester  in  dilute  hydrochloric  acid. 

Action  of  Oxidising  Agents. — Wlien  ^-methylethyl-a-amino^- 
naphthol  is  shaken  in  the  cold  with  aqueous  solutions  of  mild  oxidising 
agents  such  as  ferric  chloride,  potassium  ferricyanide,  and  silver 
nitrate,  it  is  readily  decomposed,  yielding  )3-naphthaquinone  and 
methylethylamine,  the  latter  being  isolated  and  identified  by  means  o' 
its  acid  oxalate  (m.  p.  152—153°) :  ^ 


.t 


01243  gave  0*1849  COg  and  00848  Ufi.     C  =  40*6  ;  H  =  7*6. 
CgHgNjCgHgO^  requires  C  =  40-3  ;  H  =  7-4  per  cent. 


03)      

N'Methyl-p-naphthomoo'pholinef    CjoHg^^.p^  \*cn^  ' 

(a) 

Fractions  III  and  IV  were  combined,  and  further  fractionated 
under  40  mm.  pressure.  In  this  way,  some  methylethyl-a  amino- 
/3-naphthol  was  removed,  and  a  fraction  boiling  at  213 — 223°, 
was  converted  into  the  sulphocamphylate,  which  crystallised  from  water 
in  clusters  of  needles.  This  salt,  which  contained  one  molecule  of 
water,  when  slowly  heated,  melted  at  196° : 

0-4468  lost,  at  110°,  0*0164  H2O.     H20  =  3*6. 

Ci3Hi50N,C9H^^05S,H20  requires  H2O  =  4*0  per  cent. 
0-4085  anhydrous  salt  gave  0  2201  BaSO^.     S«7*4. 

Ci3Hi80N,C9H^^06S  requires  S  =  7*4  per  cent.  ^- 

The  salt,  when  finally  recrystallised  from  a  mixture  of  alcohol  and 
ether,  separated  in  glistening  needles  and  readily  yielded  iV-methylj8- 
naphthomorpholine,  the  latter  distilling  at  220 — 222°,  under 
40  mm.  pressure.  It  is  a  light  yellow,  viscid  oil,  having  a  blue 
fluorescence  and  a  pleasant  odour  recalling  that  of  its  analogue 
iV-methylphenomorpholine  ;  it  is  quite  insoluble  in  caustic  alkalis,  and 
is  perfectly  stable  on  exposure  to  air  : 

01 262  gave  0*3624  COg  and  00754  HjO.     C  =  78*3  ;  H  =  6  6. 
CjgHjjON  requires  C  =  78*4 ;  H  =  6*5  per  cent. 

Its  solution  in  absolute  alcohol  gives,  with  ferric  chloride,  an  intense 
bluish-green  coloration.  When  sodium  nitrite  is  added  to  its  solution 
iu  dilute  hydrochloric  acid,  a  deep  Prussian-blue  colour  is  developed.    " 


111!  '  -:    'IV  «/'Mrriv:ii       m       ,,m        p^ji,    n        -;,;:{ 
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0-1511  gave  02718  CO,  and  00682  H,0.     C-491 ;  H- 50. 
C,«Hi«ONI  requires  C-49-2 ;  U-4-7  per  cent. 

The  aiithoni  intend  to  pursue  the  line  of  inveRtigation  indicated  in 
tho  intnxluctioD,  by  preparing  and  reducing  other  morpholone  deriva* 
tivea. 

T^B  Wklux>mb  Chbmical  Rssbaroh  Laboratorirs, 
London,  E.C. 


LXXVIII. — The  Bases  contained  in  Scottish  Shale  Oil. 

Part  IL 
By  Fbedebic  Charles  Garrett  and  John  Armstrong  SmytHeJ. 

The  examination  of  these  bases  has  been  continued,  the  fractions 
boiling  between  164°  and  180°  being  treated  with  mercuric  chloride 
in  much  the  same  way  as  the  fractions  of  lower  boiling  point  (Trans., 
1902,81,  449);  the  results,  however,  have  been  disappointing,  and 
although  more  than  400  grams  of  the  mixed  bases  were  examined,  only 
two  substances  were  isolated  in  a  state  of  purity.  Several  of  the  less 
volatile  bases  form  oily  mercurichlorides,  which  solidify  only  after  a 
long  time,  crystallisation  being  incomplete  in  some  cases  after  an 
interval  of  several  months  ;  it  is  obviously  impossible  to  obtain  these 
substances  reasonably  pure  even  by  repeated  precipitation,  whilst  in 
other  cases,  where  crystalline  compounds  were  obtained,  the  very 
numerous  recrystallisations  which  were  needed  caused  great  loss  of 
material,  and  did  not  always  result  in  the  production  of  pure  substances. 
Attempts  were  therefore  made  to  effect  a  more  perfect  separation  by 
using  platinic  chloride  in  place  of  the  mercury  salt,  but  without 
success  ;  and  the  use  of  picric  acid  proved  equally  unsatisfactory. 

2:4:  Q-Trimethylpyridine  {sCoUidine). 

2  :  4  6-Tri  methyl  pyridine  is  by  far  the  most  abundant  substance 
in  these  fractions,  and  as  comparatively  large  quantities  were 
obtained  in  a  state  of  greit  purity,  we  were  able  to  redetermine  the 
boiling  point  and  other  constants  given  in  our  former  communication  ; 
all  these  were  confirmed,  except  that  the  boiling  point  as  determined 
with  a  new  short  stem  thermometer,  certified  at  the  Berlin  Keichsan> 
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stalt,  was  found  to  be  171°  (768  mm.)  instead  of  170-5°  (763  mm.). 
On  comparing  two  portions  of  the  base,  prepared  from  different 
fractions,  a  difference  in  boiling  point  of  only  02°  was  found,  showing 
that  both  specimens  must  have  been  very  pure. 

The  aurichloride  was  easily  obtained  in  long,  yellow,  hair-like 
crystals  melting  about  53°  and  apparently  containing  one  molecule  of 
water  of  crystallisation ;  it  is  difficult  to  obtain  an  exact  reading, 
however,  for  as  soon  as  the  crystals  are  dry  they  begin  to  effloresce, 
exposure  to  the  air  of  the  laboratory  for  a  few  hours  rendering  them 
quite  anhydrous,  the  melting  point  rising  to  112°.  Many  analyses 
were  made  of  which  the  following  are  typical  : 

0-3244  lost  00110  at  95°,  and  yielded  01336  Au.     H20  =  3-39; 
Au  (in  the  hydrated  salt)  =41-2  ;  (in  the  anhydrous)  =42-63. 
0-3675  lost  0-0085  at  95°,  and  yielded  01530  Au. 

H2O-2-3I  per  cent.  ;  Au  (in  the  hydrated  salt)  =4163  ;  (in  the 
anhydrous)  =42-62.  CgHioN,HAuCl4,H20  requires  H20  =  3-76  and 
Au  =4118.     In  the  anhydrous  salt,  Au  =42*74  per  cent. 

The  aurichloride  is  soluble  in  about  40  parts  of  boiling,  and  in 
about  350  parts  of  cold  water ;  the  solution  on  boiling  sometimes 
yields  small  quantities  of  a  substance  forming  small,  lemon-yellow 
needles,  which  are  almost  insoluble  in  water,  and  melt  at  about  178°. 
The  conditions  under  which  this  salt  is  formed  were  not  apparent,  and 
attempts  to  prepare  it  in  quantity  failed,  so  that  full  analyses  could 
not  be  made.  There  was  no  loss  of  weight  on  heating  to  95°  for  two 
hours : 

0-3486  gave  01614  Au.     Au  =  46-31. 
0-4069    „      01887  Au.     Au  =  46-12. 

It  is  conceivable  ^that  this  might  be  CgHioNjAuCIj ;  (Au  =  46-4) 
although  no  similar  compounds  have  been  observed  in  other 


2  :  Z-Dimeihylpyridin$, 

From  the  fraction  boiling  between  164°  and  168°  about  25  grams 
of  a  mercurichloride  were  obtained  in  small,  colourless  needles  melt- 
ing somewhat  indefinitely  at  120° : 

0-4074  gave  02753  HgS.     Hg - 68-25. 

CyHj,N,HCl,2HgClj  requires  Hg-68-4  per  cent. 

From  this  salt  2 — 3  grams  of  the  base  were  obtained ;  it  is  a  liquid 
lighter  than,  and  insoluble  in,  water,  having  a  pleasant,  aromatio 
odour,  and  boiling  at  163—164°  (768  mm.).     The  platinicbloride  was 
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obtained  very  easily  in  orange-red  crystals  melting  sharply  and  deoom- 
posing  at  SIS'*: 

0  3490  gave  01084  Pt.     Pt-3107. 

(C;H,N)yH,PtClj  requires  Pc-31-24  per  cent. 

The  aurichloride  formed  yellow,  straw-like  crystals  which  molted  at 
96^  and  deoompoeed  slowly  at  about  225'' ;  the  amount  prepared  was  too 
small  for  a  satisfactory  analysis : 

0*1410  gave  0-0618  Au.    Au-43  83. 

CYHyN.HAuCI^  requires  Au«44'13  per  cent. 

About  1|  grams  of  the  base  were  oxidised  by  potassium  per- 
manganate, the  solution  acidi6ed  with  sulphuric  acid,  and  silver 
nitrate  added,  when  a  gelatinous  precipitate  was  obtained.  After 
removing  the  silver  by  hydrogen  sulphide,  the  product,  being  found  to 
contain  potassium,  was  dried  on  the  water-bath,  and  boiled  with 
absolute  alcohol  containing  a  little  hydrochloric  acid  ;  the  potassium 
chloride  having  been  filtered  off,  the  filtrate  gave  a  fairly  pure  acid, 
which  melted  and  decomposed  at  about  229"^  and  gave  a  dirty  white 
sublimate.  A  larger  quantity  of  the  acid  was  therefore  heated  in  a 
very  small  test-tube  to  250°,  when  a  moderate  amount  of  the  sublimate 
was  obtained,  which  after  recrystallising  from  hot  water  melted  at 
229*5° ;  the  acid  obtained  by  oxidation  should  therefore  be  quinolinic 
acid,  and  the  sublimate,  nicotinic  acid.  That  the  former  was  quinolinic 
acid  was  further  proved  by  its  giving  a  yellow  colour  with  ferrous 
sulphate,  and  a  tine  green  fluorescence  with  resorcinol ;  for  com- 
parison, some  quinolinic  acid  was  prepared  by  oxidising  quinoline 
which  had  been  synthesised  by  Skraup's  reaction,  and  the  two  acids 
were  found  to  agree  in  all  respects.  Since  on  oxidation  the  base  is 
converted  into  pyridine-2  : 3-dicarboxyIic  acid,  and  is  a  lutidine,  it  can 
only  be  2  :  3dimethylpyridine,  a  compound  which  has  not  been  hitherto 
described. 

The  authors  have  pleasure  in  acknowledging  their  indebtedness  to 
the  Research  Fund  Committee  of  the  Society  for  a  grant  towards  the 
expense  of  this  work. 

Thb  Dueham  Collbob  or  Scibncb, 

NBWCA8TLB-ON-TtNB. 
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LXXIX. — Iminoethers    Corresponding    ivith    Ortho-sub^ 

stituted,  Benzenoid  Amides. 

By  George  Druce  Lander  and  Frederick  Trevor  Jewson,  A.I.C. 

Pinner's  well-known  reaction  for  the  formation  of  iminoethers  of  the 
!NH  type,  by  the  addition  of  the  elements  of  an  alcohol  to  the 
nitriles,  fails  either  completely  or  partially  with  such  aryl  nitriles 
as  contain  a  substituent  in  the  or^/io-position  with  respect  to  the 
cyanogen  group  (Ber.,  1890,  23,  2917,  2952).  An  attempt  has 
already  been  made  by  one  of  us  (Trans.,  1901,  79,  695)  to  prepare 
o-toluiminoethyl  ether  from  the  corresponding  amide  by  means  of  dry 
silver  oxide  and  ethyl  iodide ;  the  reaction,  which  was  carried  out  in 
boiling  alcoholic  solution,  resulted  in  the  formation  of  o-toluonitrile. 

The  present  paper  contains  an  account  of  further  experiments, 
bearing  on  the  formation  and  properties  of  some  imino-ethers  of  this 
type,  which  have  led  to  the  preparation  of  the  hitherto  unknown 
ethyl-  and  methyl-iminoethers  from  o-chlorobenzamide  and  o-toluamide. 
Since  experiments  do  not  appear  to  have  been  made  on  the  formation 
of  tbe  o-chlorobenziminoetheis,  we  6rst  satisfied  ourselves  that  Pinner's 
reaction  is  not  available  for  the  production  of  these  ethers  from 
o-chlorobenzonitrile. 

Experiments  with  salicylamide  were  also  started,  but,  as  Pinner 
(loc.  cit.)  has  shown  that  iminoether  formation  occurs  with  o-ethoxy- 
benzonitrile  to  an  appreciable  extent,  they  were  not  continued,  after 
we  had  found  that  the  results  agreed  with  our  other  observations,  the 
hydroxy -group  also  undergoing  alkylation  (Trans.,  1900,  77,  745). 

The  formation  and  yield  of  o?"</io-substituted  iminoethers  depends 
on  the  experimental  conditions,  for  whereas  they  are  not  entirely 
absent  from  the  product  of  synthesis  in  boiling  alcoholic  solution, 
and  although  nitriles  are  present  when  boiling  ethereal  solutions  are 
used,  yet  the  proportion  of  iminoether  to  nitrile  is  notably  greater  in 
the  latter  than  in  the  former  case.  It  is  unlikely  that  this  difference 
depends  on  the  higher  temperature  of  the  synthesis  in  alcohol  than  in 
ether,  for  benziminoethyl  ether  is  not  changed  by  boiling  with  alcohol. 
We  find  further  that  the  formation  of  nitrile  occurs  also  in  the 
synthesis  in  boiling  alcohol  of  iminoethers  which  do  not  contain  an 
orMo-substituent,  such  as  the  benzimino-  and  p-toluimino-compounds, 
but  to  a  very  much  smaller  extent  than  with  an  or^Ao-derivative. 

As  regards  the  mechanism  of  the  formation  of  nitriles,  it  is  most 
improbable  that  it  can  be  regarded  as  a  simple  process  of  dehydration 
of  the  amide,  and  is,  we  think,  dependent  on  the  formation  of  iminoether 
and  its  decomposition  in  the  following  way  R*(J(OEt)INH  — ^  R'CiN  + 
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HOEt,  this  change  being  knowu  to  occur  od  heating.  o-Toluimioo- 
etbyl  ether  may  be  distilled  unchanged  in  a  partial  vacuum,  and  we  are 
unable  to  explain  why  the  change  in  question  should  occur  in  the 
synthetical  operation  more  readily  than  with  the  pure  substances. 
Our  purpose,  however,  was  to  ascertain  the  relative  stability  of  the 
compounds  with  respect  to  the  loss  of  alcohol,  and,  although  we  have 
never  been  in  possession  of  sufficient  material  to  determine  the  re- 
lative temperatures  of  decomposition,  the  considerably  larger  propor- 
tion 6f  nitrile  formed  in  the  synthesis  of  an  (wMo-iminoether,  as 
compared  with  that  obtained  in  the  para-series,  indicates,  in  our 
opinion,  that  the  decomposition  occurs  more  easily  in  the  case  of  the 
or  Mo-compounds. 

The  results  possess  some  interest,  from  the  theoretical  standpoint, 
in  the  light  of  our  knowledge  of  the  influence  of  orientation  and  sub- 
stitution on  the  course  of  chemical  reaction.  From  the  relationship 
between  iminoether  and  nitrile,  expressed  by  the  scheme 

R-C:N  +  HOEt  t=z  RC(OEt):NH, 

it  might  be  expected  that  the  reaction  of  formation  would  as  an 
additive  process  be  subject  to  retardation  when  an  or^/to-substituent  is 
present,  but  that  the  reverse  change,  which,  when  formally  expressed, 
consists  only  in  the  expulsion  of  a  molecule  of  alcohol,  should  be 
fncilitated,  as  our  results  indicate,  by  the  same  constitutive  factor. 
We  are  not  aware  of  any  illustration  of  this  phenomenon  among 
or</*o-substituted  benzenoid  derivatives,  but  the  increase  in  the  ease 
of  anhydride  formation  which  accompanies  the  successive  introduction 
of  alkyl  groups  in  the  succinic  acid  series  (Bit^choff,  Ber.j  1891,  24, 
1074)  presents  a  closely  allied  case. 

The  previously  recorded  attempt  to  prepaie  o-toluiminoethyl  ether 
was  made  in  the  hope  that  it  would  display  the  same  relative  stability 
towards  hydrolysis  by  acids  as  the  N-o-tolylacetiminoethers, 

RfC:NR„-ORin  +  HCl  +  HgO  =  RfCOgR.n  +  NRnHgCi. 

We  find,  OS  a  matter  of  fact,  that  in  this  respect  o-toluiminoethyl 
ether  has  a  stability  greater  than  that  of  its  ;;rtra-isomeride. 

Experimental. 

o-Chlorohenziminoet/iers. 

o-Cldorohenzimiiwethyl  Etiier. — Having  shown  that  this  compound 
cannot  be  prepared  from  the  nitrile  by  Pinner's  method,  the  alkyl- 
ation  of  o-chlorobenzamide  by  means  of  dry  silver  oxide  and  ethyl 
iodide  was  attempted  in  alcoholic  solution.  A  solution  of  8  grams  of 
the  amide  in  24  grams  of  ethyl  iodide  and  75  c.c.  of  absolute  alcohol 
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was  treated  at  the  boiling  temperature  with  18  grams  of  dry  silver 
oxide.  After  boiling  for  one  and  a  half  hours,  a  sample  of  the 
solution  was  tested  with  ethereal  hydrochloric  acid,  when  the  slight 
turbidity  produced  showed  that  very  little  ba5>e  was  present.  On 
distilling  the  product  of  reaction  in  a  partial  vacuum,  the  main 
portion  passed  over  between  129°  and  132°  under  34  mm.  pressure* 
and  solidified  to  colourless  needles  fusing  at  42 — 43°,  and  having  the 
other  properties  of  o-chlorobenzonitrile. 

Dry  ether  was  now  employed  as  a  menstruum  instead  of  alcohol, 
and  a  mixture  of  6  grams  of  o-chlorobenzamide,  18  grams  of  ethyl 
iodide,  15  grams  of  oxide  and  150  c.c.  of  ether  was  boiled  for  4  hours. 
Dry  ethereal  hydrochloric  acid  precipitated  the  hydrochloride  of  the 
desired  base  from  the  filtered  solution  ;  the  yield,  however,  was  poor, 
about  3  grams  of  hydrochloride  being  obtained.  After  purification 
bysolution  in  cold  alcohol  and  precipitation  with  ether,  the  hydrochloride 
decomposed  with  evolution  of  ethyl  chloride  at  105°,  forming  o-chloro- 
beozamide  melting  at  139°,  and  underwent  the  characteristic  ester 
hydrolysis  on  warming  in  aqueous  solution.  Chlorine  was  estimated 
in  the  ammonium  chloride  solution  remaining  after  removing,  in 
a  current  of  steam,  the  ethyl  o-chlorobenzoate  produced  on  warming 
the  hydrochloride  with  water  : 

0-5646  gave  03675  AgCl.     CI  =  161. 
CgH^Cl-C(OC2H5):NH,HCl  requires  (for  1  mol.  CI)  CU  16-1  percent. 

o-Chloi'ohenziminomethyl  Ether. — o-Chlorobenzamide  undergoes 
"anomalous  methylation  "  (compare  this  vol.,  415)  when  boiled  with 
methyl  iodide  and  dry  silver  oxide  in  ethereal  solution.  Ten  grams  of 
amide  were  employed,  the  other  materials  being  used  in  the  same  pro- 
portions as  in  the  foregoing  experiment ;  the  boiling  was  continued  for  4 
hours.  By  treatment  of  the  clear  solution  with  ethereal  hydrochloric  acid, 
o-chorobenziminomethyl  ether  hydrochloride  was  precipitateii  as  an 
oil  which  solidified  on  stirring,  and  was  purified  by  recrystallisation 
from  alcohol  and  ether.  On  observing  the  melting  point  in  the  usual 
way,  the  substance,  which  had  previously  evolved  methyl  chloride, 
melted  sharply  at  139°,  this  being  the  melting  point  of  o-chlorobenz- 
amide. By  introducing  specimens  into  baths  at  various  tempera- 
tures, it  was  found  that  fusion  with  decomposition  occurs  at  110^ 
and  above  that  temperature.  The  compound  gave  the  characteristic 
hydrolysis  and  was  analysed  in  the  same  way  as  the  ethyl  homoiogue  : 

0-5456  gave  0*3756  AgCl.  CI -17  0  instead  of  the  calculated 
CI  =  17-2  percent. 

oChlarobenzmethylamidBt  which  does  not  appear  to  have  been 
previou»ly  described,  was  isolated    from  the  ethereal  solution  after 
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Mparating  the  imiDoether  hydrochloride  bj  shaking  the  liquid  with 
sodium  oarbonate  solution,  drying  with  anhydrous  potASfium  carbonate 
and  eva(>orAting  ;  the  residual  solid  gave  a  small  quantity  of  o-chloro- 
benzonitrile  on  extraction  with  light  petroleum,  and  the  remaining 
solid,  after  crystallisation  from  dilute  alcohol,  formed  colourless 
needles  melting  constantly  at  92 — 94".  On  hydrolysis,  these  were 
shown  to  be  o-chlorobenzmethylamide  by  the  formation  of  o-chloro- 
bensojc  acid  and  methylamine  : 

0  2076  gave  14*7  c.c.  moist  nitrogen  at  12°  and  756  mm.     N  «8*4. 
CeH^Cl'CO'NH-CHs  requires  N  =  8  3  per  cent. 

Benxamide  also  undergoes  "  anomalous  methylation "  under  con- 
ditions similar  to  those  described  above  foi  the  o-chloroamide. 

chToluiminoethers. 

Some  experiments  were  made  with  the  object  of  effecting  the  imino- 
ether  synthesis  by  the  action  of  the  respective  alkyl  iodides  on  the 
silver  derivative  of  o-toluamide,  and  o-toluiminomelhyl  ether  was 
prepared  in  this  way. 

The  silver  derivative  of  o-toluamide,  precipitated  as  a  light  brown, 
amorphous  powder  by  adding  the  calculated  quantity  of  pure  sodium 
hydroxide  solution  to  a  dilute  alcoholic  solution  of  the  amide  and 
silver  nitrate  in  molecular  proportion,  was  not  obtained  in  a  pure 
state,  since  it  contained  49*7  per  cent,  of  silver  instead  of  the 
calculated  44  6,  and  was  probably  contaminated  with  silver  oxide,  the 
presence  of  which  did  not,  however,  seem  prejudicial  to  the  purpose  of 
synthesis. 

The  formation  of  the  methyliminoether  took  place  on  allowing  the 
dried  silver  derivative  to  remain  during  three  days  at  the  ordinary 
temperature  in  contact  with  a  solution  of  methyl  iodide  in  benzene, 
the  mixture  being  shaken  at  intervals.  The  hydrochloride  of  the  imino- 
ether  was  precipitated  from  the  clear  beozsne  solution  and  purified  by 
crystallisation  from  methyl  alcohol  and  ether.  On  heating,  this 
hydrochloride  behave  1  like  ochlorobenziminomethyl  ether  hydro- 
chloride; it  melted  at  139°  (o-toluamide  melts  at  140—142°),  but  did 
not  melt  when  suddenly  heated  to  105°  ;  at  110°,  decomposition  was 
just  perceptible,  and  it  fused  and  decomposed  at  115° : 

0  1289  gave  0101 7  AgCl.     Cl  =  194. 

CftH^(CHs)-C(0CH3):NH,HCl  requires  Cl-191  per  cent. 

The  amount  of  imlooether  formed  in  the  above  manner  was  very 
small,  less  than  1  gram  resulting  from  19  grams  of  impure  silver 
derivative.  We  were  not  therefore  able  to  observe  the  formation  of 
either  the  nitrile  or  the  isomeric  substituted  amide. 
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o-Toluiminoeihyl  Ether. — As  the  main  object  of  this  work  was  to 
obtain  comparative  data  relating  to  the  formation  and  behaviour  of 
the  orMo-substituted  iminoethers,  parallel  experiments  were  carried 
out  with  />-toluamide  under  conditions  as  nearly  as  possible  comparable 
with  those  under  which  the  or^Ao-amide  was  studied.  The  alkylation 
of  the  two  isomeric  amides  was  examined  in  ethereal  and  in  alcoholic 
solutions. 

Ethylation  of  o-  and  p-Toluamides  in  E titer eal  Solution. — Ten  grams 
of  each  amide  were  boiled  with  38  grams  of  ethyl  iodide,  28  grams  of 
dry  silver  oxide,  and  100  c.c.  of  dry  ether  for  16  hours,  the  clear 
solutions  extracted  with  water  and  sodium  hydroxide  solution,  and 
dehydrated  with  dry  potassium  carbonate. 

The  hydrochloride,  precipitated  from  about  one-third  of  the  solution 
of  the  product  from  o  toluamide,  after  crystallisation  from  alcohol  and 
ether,  decomposed  at  105 — 106°,  solidified  and  then  melted  at  139°, 
and  had  the  other  properties  of  an  iminoether  hydrochloride  : 

0-4908  gave  0*3508  AgCl.     CI  =  17-7. 

C6H4(CH3)-C(0C2H5):NH,HC1  requires  01  =  178  per  cent. 

In  like  manner,  a  portion  of  the  product  from  /j-toluamide  yielded 
the  hydrochloride  of  p-toluiminoethyl  ether,  decomposing  at  130 — 131°, 
solidifying,  and  then  melting  at  152°. 

The  remaining  portions  of  the  ethereal  solutions  were  distilled  in  a 
partial  vacuum,  when  the  product  from  the  or^/to-isomeride  passed  over, 
without  eign  of  decomposition,  between  106°  and  118°  under  20 — 25 
mm.  pressure  (the  boiling  point  of  jo-toluiminoethyl  ether  is  116—118° 
under  21  mm.  pressure). 

Both  distillates  possessed  the  properties  of  iminoethers,  but  whereas 
that  from  the  /jara-amide  was  practically  free  from  nitrile,  giving  a 
clear  solution  in  cold  aqueous  hydrochloric  acid,  the  product  from  the 
oW/io-amide  was  only  partially  soluble  in  this  reagent,  the  undissolved 
portion  being  identified  as  o  toluonitrile.  A  comparative  estimation 
of  the  relative  proportions  of  iminoether  and  nitrile  was  made  by  pre- 
cipitating and  weighing  the  hydrochlorides  from  solutions  of  the  same 
strength  in  ether  and  light  petroleum ;  the  product  from  the  ortho' 
amide  gave  a  quantity  of  hydrochloride  corresponding  with  67  per 
cent.,  whilst  the  hydrochloride  obtained  from  the  ;)f«ra-isomeride 
corresponded  with  95  per  cent,  of  iminoether. 

The  stability  with  regard  to  hydrolysis  by  means  of  aqueous  hydro- 
chloric acid  was  compared  by  dissolving,  at  the  same  moment,  0*3 
gram  each  of  o-  and  j!;-toluimiuoethyl  ether  hydrochlorides  in  20  c.c.  of 
water  at  the  laboratory  temperature.  A  turbidity,  due  to  the  forma- 
tion of  ester,  appeared  in  the  solution  of  para-salt  after  40  minutes, 
and  in  that  of  or^to-salt  after    U    hours,  the  latter  compound  dis- 
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pUying,  M  was  anticipated,  greater  Rtability  in  respect  to  this 
deoompoeition. 

XiktfUUion  qf  o-  and  p-TWuamtciM  in  Alcoholic  Solution. — The  re- 
action was  carried  out  in  each  instance  with  10  grams  of  amide  and 
the  corresponding  proportions  of  oxide  and  iodide,  75  c.c.  of  alcohol 
being  added,  and  the  boiling  continued  for  3  hours.  The  products 
were  extracted  with  ether,  the  extracts  being  treated  similarly  to 
those  described  above,  and  distilled  in  a  partial  vacuum.  Both  distil- 
lates contained  iminoether  mixed  with  a  proportion  of  nitrile  which 
was  larger  than  that  found  in  the  '  ether '  synthesis. 

The  amounts  of  iminoether  were  determined  in  each  sample  by 
<;ently  warming  for  a  few  moments  with  an  excess  of  ^V/iO  hydrochloric 
i\cid,  and  determining  the  amount  of  acid  neutralised. 

0*2633  orMo-product  required  22  c.c.  iV/lO  HCl,  corresponding  with 
13*6  per  cent,  of  iminoether. 

0*2093  para-product  required  90  c.c.  ^V/IO  HCl,  corresponding  with 
700  per  cent,  of  iminoether. 

The  expense  incurred  in  this  investigation  was  defrayed  by  a  grant 
from  the  Research  Fund  Committee  of  the  Chemical  Society. 

University  College, 
Nottingham. 


LXXX. — Tlie  Synthesis  of  aay-THmethylglutaric  Acid,  of 
the  cis-  and  tv^m^- Modifications  of  B- Hydroxy -aay- 
THmethylglutaric  Acid,  and  of  aay-Trimethyl- 
glutaconic  Acid, 

By  W.  H.  Perkin,  jun.,  and  Alice  E.  Smith,  B.Sc,  1851  Exhibition 
Scholar  of  University  College,  Bangor. 

In  a  paper  published  at  the  commencement  of  this  year  (this  vol., 
8)  we  described  a  new  method  of  synthesising  aa-dimethylglutaric 
acid,  COjH'CMcj-CHg'CHg'COgH,  and  during  the  course  of  this 
research  we  were  able  to  isolate  in  a  pure  condition  the  cia-  and  trans- 
modi6cations  of  aa-dimethylglutaconic  acid  and  thus  to  remove  a 
considerable  amount  of  confusion  which  had  arisen Jn  connection  with 
the  identity  of  these  acids.  Shortly  after  these  results  had  been 
described,  K  E.  Blaise  {Compt.  rend.,  1903,  136,  381)  published  an 
account  of  an  investigation  on  the  aa-dimethylglutaconic  acids,  in  which 
he  confirms  our  view  that  the  ct«-modification  of  this  acid  melts  at 
135°  and  bis  description  of  the  liquid  anhydride  of  this  acid  and  of 
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the  anilic  acid  agrees  well  with  ours.  At  a  later  date  (ibid.f  1903, 
136,  692),  and  still  apparently  in  ignorance  of  the  fact  that  we  had 
already  investigated  this  matter,  he  describes  the  tran8-modi&cB.tion  of 
aa-dimethylglutaconic  acid,  and  to  this  he  gives  the  melting  point  163°, 
but  this  is  much  too  low,  since  the  pure  substance  melts  at  172°. 

As  the  method  of  synthesis  which  we  employed  had  proved  to  be  of 
value  in  the  case  of  the  aa-dimethylglutaconic  acids  and  aa-dimethyl- 
glutaric  acid,  it  occurred  to  us  that  it  would  be  interesting  to  extend 
our  investigation  to  the  trimethylglutaconic  acids  and  trimethyl- 
glutaric  acid,  and  we  wish  now  to  give  a  short  account  of  the  results 
which  we  have  obtained  in  carrying  out  this  work. 

A  mixture  of  ethyl  dimethylmalonate  and  ethyl  acetate  is  readily 
acted  on  by  sodium,  yielding  the  sodium  compound  of  ethyl  aa-dimethyl- 
acetonedicarboxylate,  and  if  this  is  treated  with  methyl  iodide,  a 
methyl  group  is  introduced  in  the  place  of  the  metal  and  ethi/l  aay-tri- 
melhylacetonedicarhoxylate  is  formed. 

Expressed  in  the  simplest  manner,  these  reactions  may  be  repre- 
sented thus  : 

COgEfCMeg-COgEt  +  CHg-COgEt  +  2Na  = 

COaEfCMeg-CO-CHNa-COaEt  +  EtONa, 
C02Et-CMe2-CO-CHNa-C02Et  +  Mel  = 

COgEfCMeg-CO-CHMe-COgEt  +  Nal. 

When  ethyl  aay-trimethylacetonedicarboxylateis  reduced  with  sodium 
amalgam,  it  yields  a  mixture  of  two  isomeric  acids  which  melt  at  115° 
and  155°,  and  are  obviously  the  stereoisomeric  modifications  of 
P-hydroxy-aaytrimethylglutaric  acid : 

COaH-CMeg-CH-OH  COgH-CMea-CH-OH 

COgH-CMe-H  H-CMe-COaH 

Cw-,  m.  p.  115°  Trans-,  m.  p.  155° 

The  irana-configuration  is  given  to  the  acid  melting  at  156°,  not 
only  because  of  its  higher  melting  point,  but  also  because,  under 
reduced  pressure,  it  distils  to  a  large  extent  without  decomposition, 
whereas  the  more  fusible  acid  is  decomposed,  on  distillation,  with 
elimination  of  water  and  formation  of  a  neutral  crystalline  substance, 
CgHj^Og  (m.  p.  88°),  which  is  probably  the  anhydride  of  cis-oay  <rt- 
methylglutaconic  acid  : 

,CO-CMe,-CH 
— (JMe 


o<co 


This  difference  in  the  behaviour  of  the  two  modifications  is  readily 
understood  if  the  above  configurations  are  assigned  to  them. 
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I'  1-  curious  that  both  modifioatioos  of  the  hydroxy-acid,  when 
treated  suooesaively  with  phosphorus  peotachloride  and  diethylaoiltue, 
Kbould  lead  to  the  same  aay-trimethylglutaconic  acid  melting  at  150°, 

CO,HCMe,'CH(OH)-CHMe-COjH  -^ 

CO,H-CMe,'CHCl-CHMe-COjH. 
-^  COjH«CMej-CH=CMe-CO,H 

-  I.  o  it  was  to  be  expected  that  each  would  yield  the  unsaturated  acid 
uit  ii  the  corresponding  conBguration  : 

(X),H-CMe,-CH  CO,H-CMe-CH 

CO,H-C-Me  CMe-COjH  • 

Cw-  Trans- 

That  the  acid  melting  at  150°  is  unsaturated,  and  not  a  trimethylene 
derivative  having  the  formula  : 

CO.H-C&Ie-CH\ 

CH^COaK 

(Trans.,  1897,  71,  1176),  is  shown  by  the  fact  that  it  readily  reduces 
permanganate,  and,  when  treated  with  bromine,  is  converted  into 
^y-</i^o/no-aay-«rt»MJ%/^/u/aricactci,C02H-CMe2"CHBr-CBrMe-C02H. 
rtiere  can  be  little  doubt  that  the  acid  melting  at  150°  is  the  trans- 
modification  of  aay-trimethylglutaconic  acid,  since,  on  distillation,  it 
>how8  no  tendency  to  form  an  anhydride. 

The  anhydride  of  the  ci«-modification  is  in  all  probability  the  neutral 
substance,  CgHj^Og,  melting  at  88°  (see  above),  which  is  produced  when 
CM-hydroxytrimethylglutaric  acid  is  distilled,  but,  unfortunately,  we 
have  so  far  not  had  enough  material  to  conclusively  demonstrate  this 
interesting  point.  It  may  however  be  mentioned  that,  in  the  case  of 
the  oa-dimethylglutaconic  acids,  the  aVmodification  yields  an  anhydr- 
ide, whereas  the  ^an«-modification  sIjows  no  tendency  to  undergo 
decomposition  in  this  way  (Tran?.,  1902,  81,  256). 

The  aay-trimethylglutaconic  acids  described  in  the  present  paper 
are  isomeric  with  the  aay-trimethylglutaconic  acids, 

CO.,H-CMe2-CMe=CH-C02H, 

which  Perkin  and  Thorpe  (Trans.,  1897,  71,  1182)  had  previously 
obtained  during  the  course  of  their  investigations  on  the  synthesis  of 
t-camphoronic  acid.  This  glutaconic  acid  also  exists  in  two  modifica- 
tions melting  at  133°  and  148°  ;  the  former  yields  an  anhydr'de  (m.  p. 
107°),  whereas  the  latter  does  not. 

The  isomerism  of  these  acids  was  not  understood  at  the  time,  but  in 
view  of  the  results  described  in  this  and  in  our  previous  communication 
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there  can  now  be  no  doubt  that  these  two  acids  are  the  stereoisomeric 
modifications : 


CO,H-CMe„-C-Me  COoH-CxMe.-C-Me 

COgH-C-H  '  H-C-COgt 

Cw-,  m.  p.  133".  Trans-,  m.  p.  148'. 


It  is  very  interesting  to  note  that  the  anhydride  of  the  cis-acid 
crystallises  from  water  unchanged,  a  behaviour  also  observed  in  the 
case  of  the  anhydride,  CgHj^Og  (m.  p.  88°,  see  above),  and  which  is 
supposed  to  be  the  anhydride  of  cis-aay-trimethylglutaconic  acid. 

Not  only  by  treatment  with  phosphorus  pentachloride  and  diethyl- 
aniline,  but  also  when  simply  boiled  with  hydriodic  acid  and 
amorphous  phosphorus,  both  the  cis-  and  ^rans-modifications  of 
y3-hydroxy-aay-trimethylglataric  acid  are  converted  into  ti'dns-aay 
trimelhylglutaconic  acid  and  this  seems  to  show  that  the  m-modifica- 
tion  of  this  latter  acid  is  converted  with  exceptional  ease  by  the  action 
of  acids  into  the  <rar2«-modification.  There  appears  to  be  no  tendency 
for  the  ^ra?i*-trimethylglutaconic  acid  to  be  reduced  to  the  correspond- 
ing aay-trimethylglutaric  acid  by  the  large  excess  of  hydriodic  acid 
employed  in  these  experiments,  and  indeed  it  exhibits  an  exceptional 
resistance  to  reducing  agents.  Ultimately,  however,  by  employing 
alcohol  and  sodium  in  large  excess,  we  were  able  to  reduce  it  and  thus 
obtained  aay  trimethylglutaric  acid  in  glistening  crystals  melting  at 
97—98°. 

This  interesting  acid  (m.  p.  97 — 98°)  was  first  prepared  by  Hell  and 
Wittekind  (Ber.,  1874,  7,  320  ;  compare  Hell  and  W.  Mayer,  Ber., 
1889,  22,  48  ;  also  Hell  and  Kothberg,  ibid.,  60)  by  the  action  of  silver 
on  ethyl  bromowobutyrate  and  considered  by  them  to  be  tetramethyl- 
succinic  acid,  the  reaction  being  supposed  to  take  place  as  follows  : 

2iM:e2-CBr-CO.^Et  -f-  2 Ag  =  Meg-C-COgEt  -  CMeg-COgEt  +  2AgBr. 

Auwersand  Victor  Meyer  (Ber.y  1890,  23,  295)  subsequently  showed 
that  the  acid  having  this  melting  point  is  aay-trimethylglutaric  acid 
and  not  tetramethylsuccinic  acid,  and  they  explained  its  formation  in 
the  following  way.  During  the  reaction,  part  of  the  ethyl  bromo- 
t^obutyrate  decomposes  into  hydrogen  bromide  and  ethyl  methacrylate 
and  these  then  recombine  to  form  ethyl  /8-bromoisobutyrate.  The 
silver  then  reacts  with  the  mixture  of  ethyl  a-  and  ^-bromobuty rates 
now  present,  to  form  ethyl  aay-trimethylglutarate : 

COjEt-CBrMeg  +  Br-CHa'CHMe-OOaEt  +  2  Ag  = 

C0jEt-CMej-CHj-CHMe-C0,Et  +  2AgBr. 

This  acid  does  not  appear  to  have  been  obtained  by  any  process 
other    than    the   above   rather   complicated   reaction,  and   thus   the 
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cjntliasis  which  we  describe  id  this  paper  is  a  valuable  cootribution  to 
the  nature  of  the  substance. 

Bikyl  aayIV%m$ihylacei<ynedicarbo3^lal6f 
C02EfCMe3-CO«CHMe'CO.^Et. 

In  preparing  this  ester,  75  grains  of  ethyl  dimethyl inalonato  and 
70  grams  of  carefully  purified  ethyl  acetate  are  dinsolved  in  dry 
benzene  and  heated  with  32 '4  grams  of  fipely  divided  sodium  until  the 
metal  has  dissolved,  which  is  usually  the  case  after  about  eight  hours. 
About  200  grams  of  methyl  iodide  are  then  added  and  the  flask,  which 
is  well  cooled  before  and  during  the  addition,  should  bd  attached  to  a 
reflux  condeoser  with  a  rapid  stream  of  water  as  the  mixture  soon  be- 
comes hot  and  boils  vigorously.  When  the  reaction  has  slackened,  the 
flask  is  heated  on  a  water-bath  for  two  hours,  water  is  then  added,  and 
the  product  extracted  with  ether.  The  ethereal  solution  is  washed 
with  water  s?everal  times,  in  order  to  remove  alcohol,  dried,  the  ether 
distilled  off,  and  the  remaining  oil  repeatedly  fractionated.  A.  cou«- 
siderable  quantity  of  a  colourless  oil  was  thus  obtained  which  distilled 
at  195 — 197°  (100  mm.)  and,  on  analysis  gave  the  following  results  : 

01681  gave  0-3573  00^  and  0-1192  K.fi,     C=r58-0  ;  H  =  7-9. 
CjoHj^Oj  requires  C  =  590  ;  H  =  8'2  per  cent. 

Although  this  analysis  is  not  very  satisfactory,  the  subsequent 
examination  of  this  oil  proves  conclusively  that  it  consists  of  ethi/l 
trinieUiylacetonedicarboxylate.  This  is  a  stable  substance  which 
appears  to  distil  under  the  ordinary  pressure  with  only  slight  decom- 
position; its  alcoholic  solution  gives  a  deep  violet  coloration  with  ferric 
chloride. 

Reduction  of  Ethyl  Trim^thylacetonedicarhoxylate.  Formation  of  the  cis- 

and  tr&ns- Modifications  of  p-Hydroxy-aay-trimethylglutaric  Acidf 

C02H-CMe2-CH(OH)-CHMe-C02H. 

The  fraction  of  the  oil  boiling  at  194—200°  (100  mm.)  was 
dissolved  in  10  times  its  volume  of  alcohol,  an  equal  volume  of  water 
was  then  added  and  the  solution  transferred  to  a  porcelain  beaker 
surrounded  with  ice  and  fitted  with  a  mechanical  stirrer.  A  large 
excess  of  sodium  amalgam  was  then  gradually  added,  carbon  dioxide 
being  passed  through  the  liquid  during  the  whole  operation,  and  after 
48 — 60  hours  and  as  soon  as  a  small  quantity,  extracted  with  ether, 
gave  no  coloration  with  ferric  chloride,  the  whole  was  acidified  with 
excess  of  hydrochloric  acid,*  separated  from  the  mercury  and  evapor- 

*  Sometimes  an  oil  was  deposited  when  the  product  was  acidified  and  when  this 
was  the  case  it  was  separated  mechauically  and  employed  in  subsequent  reductions. 
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ated  to  dryness.  The  dry  mass  was  mixed  with  sand  and  extracted 
with  pure  ether  in  a  Soxhlet  apparatus  ;  the  extract  when  dried  over 
calcium  chloride  and  evaporated  yielded  a  viscid  syrup,  which,  after 
some  days,  became  almost  solid.  On  grinding  the  resulting  brown 
mass  with  dry  ether,  about  three-fourths  dissolved,  leaving  a  crystal- 
line residue,  which  was  collected,  washed  with  dry  ether,  and  dissolved 
in  a  large  quantity  of  the  warm  solvent.  The  solution,  when  evapor- 
ated to  a  small  bulk,  slowly  deposited  hard,  crystalline  crusts  on  the 
sides  of  the  flask  ;  these  consisted  of  the  pure  <?'a/i«-hydroxy-acid  : 

0-1770gave  0-3259  OOg  and  0-1176  H2O.     0  =  503;  H  =  7-4. 
0-1093     ,.     0-2021  CO2    „    0-0729  H2O.     C  =  50  4;H  =  7-4. 
CgHj^Og  requires  C  =  50-5  ;  H  =  7*4  per  cent. 

tra.ns-P-JIydroxy-aay-trimeth^lglutaric  acid  melts  at  154 — 156°, 
softening  at  a  slightly  lower  temperature ;  it  is  sparingly  soluble 
in  ether,  chloroform,  benzene,  or  light  petroleum,  but  dissolves 
very  readily  in  water  or  alcohol.  Its  solution  in  sodium  carbonate 
does  not  decolorise  permanganate  in  the  cold,  and  even  on  boiling 
oxidation  takes  place  only  very  slowly.  When  rapidly  heated  in  small 
quantities  under  50  mm.  pressure,  it  gives  off  carbon  dioxide,  and  an 
oil  distils  which,  on  cooling,  partially  solidifies,  and  has  the  penetrat- 
ing odour  of  a  higher  fatty  acid.  The  distillate  was  dissolved  in  a 
small  amount  of  water,  the  solution  evaporated  to  a  small  bulk  and 
mixed  with  an  equal  volume  of  hydrochloric  acid.  After  two  days, 
warty  groups  of  crystals  had  separated  which  were  collected,  and  found 
to  consist  of  unchanged  ifra^ia-hydroxy-acid  melting  at  152 — 154°. 

It  is  thus  evident  that,  when  rapidly  heated  under  reduced  pressure, 
this  acid  distils  to  a  large  extent  unchanged,  a  behaviour  which  is 
very  seldom  shown  by  y8-hydroxy-acids. 

The  ethereal  mother  liquors  from  the  trans-Sicid  were  evaporated  and 
the  residue  left  over  sulphuric  acid  in  a  vacuum  desiccator  until  crys- 
tallisation, which  soon  set  in,  was  complete,  the  semi-solid  mass  being 
then  spread  on  porous  porcelain.  After  several  days,  the  hard  residue 
was  treated  at  the  pump  with  dry  ether,  which  dissolved  the  qis-acid, 
leaving  undissolved  a  trace  of  the  traiis-ncid.  The  ethereal  extract 
was  then  evaporated  and  the  residue  washed  with  hot  benzene  and 
dissolved  in  a  large  quantity  of  boiling  toluene,  from  which  it  separ- 
ated, on  cooling,  as  a  hard,  crystalline  crust.  By  fractionally  crystal- 
lising this  from  toluene  the  c/«-hydroxy-acid  was  obtained  pure  as  a 
colourless,  crystalline  powder  melting  at  115°  : 

0-1875  gave  0-3464  COj  and  01252  Hfi,     C-50-4  ;  H-7-4. 
CgHj^Oj  requires  C-50'5  ;  H«7'4  per  cent. 

ci^-P'Hydroxy-aay-trimethylglutaHc  acid  is  readily  soluble  in  ether, 
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water,  and  alcohol,  but  sparingly  so  in  benxene,  light  petroleum, 
and  chloroform ;  ittt  solution  in  sodium  carbonate  is  stable  towards 
permanganate.  When  this  acid  is  distilled  under  the  ordinary  pressure, 
a  large  amount  of  carbon  dioxide  and  water  vapour  is  given  off,  and 
an  oil  distils  at  about  200—210°  which  smells  stfongly  of  a  fatty 
acid  and,  on  cooling,  becomes  semi-solid.  In  contact  with  porous 
porcelain  the  oily  impurity  is  soon  removed,  leaving  a  white,  crys- 
talline mass  which  readily  separate.s  frooi  light  petroleum  (in  which 
it  is  'very  sparingly  soluble  in  the  cold)  in  colourless,  feathery 
needles,  which  melt  at  87—88°  : 

01376  gave  0-3U3  CO,  and  0-0855  HjO.     C  =  G2  3  ;   H  =  6-9. 
CgHjoOg  requires  C  =  62  3  ;  H  =  65  per  cent. 

This  substance  is  insoluble  in  cold  water,  and,  on  warming,  it 
first  melts  and  then  gradually  passes  into  solution,  and,  if  rapidly 
cooled,  part  of  it  separates  unchanged  in  feathery  needles  melting 
at  88°.  Unfortunately,  the  amount  of  substance  at  our  disposal  was 
so  small  that  we  were  unable  to  investigate  the  nature  of  the  acid 
present  in  the  mother  liquors.  The  substance  (m.  p.  88°)  dissolves 
only  very  slowly  in  sodium  carbonate,  and  the  solution  reduces  per- 
manganate in  the  cold.  It  is  suggested  in  the  introduction  that  this 
substance,  CgHj^Oj,  is  probably  the  anhydride  of  cts-aay-trimethyl- 
glutaconic  acid. 

FormcUion   of   ivATi&-aay-Triniethylglrdacon{c   Acid  from    the  cis-   and 
x,T2Lr\%- Modifications  of  ^-Hydroxy-aay-Triniethylglutaric  Acid. 

Method  I.  By  means  of  Plwsphorus  Pentcichloride  and  Diethylaniline. 
— The  tratw-hydroxy-acid  (3  grams)  was  heated  with  10  grams  of 
phosphorus  pentachloride  for  half  an  hour  on  the  w.\ter-bath  and  then 
boiled  for  15  minutes  on  the  sand-bath,  and  the  liquid  cautiously  added 
to  a  large  excess  of  absolute  alcohol.  When  quite  cold,  the  whole  was 
mixed  with  water  and  the  heavy  chloro-ester  extracted  with  ether  ; 
the  ethereal  solution  was  well  washed  until  free  from  alcohol,  dried  over 
calcium  chloride  and  evaporated,  the  residue  being  then  heated  to  boiling 
for  15  minutes  with  twice  its  volume  of  diethylaniline.  The  product 
was  mixed  with  ether  and  excess  of  dilute  hydrochloric  acid,  the  ethereal 
solution  separated,  evaporated,  and  the  residue  hydrolysed  by  boiling 
with  excess  of  methyl-alcoholic  potash  ;  water  was  then  added  and  the 
solution  evaporated  until  free  from  methyl  alcohol.  On  acidifying  and 
extracting  with  ether,  a  solid  acid  was  obtained  which,  when  crystal- 
lised from  water  with  the  aid  of  animal  charcoal,  formed  colourless, 
glistening  needles  melting  at  149 — 150°  : 

01275  gave  0-2601  COg  and  0-0811  HgO.     0  =  556;  H  =  7-l.] 
CgHjjO^  requires  C  =  55*8 ;  H  =  7-0  per  cent. 
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r   This  substaiice  is  i?rrtns-ady-tritaiBbhylglutadonlc  acid, 

COgU-CMeg-CIt^CMe-COjH, 
the  properties  of  which  are  given  below.  An  exactly  similar 
experiment  was  then  made  with  the  cw  hydroxy-acid,  with  the 
unexpected  result  that,  in  this  case  also,  an  acid  was  obtained  which 
melted  at  150°,  and,  on  analysis,  proved  to  be  <ra7i«-aay-trimethylgluta- 
conic  acid  identical  with  the  acid  obtained  from  the  iran«-hydroxy-acid: 

01591  gave  0-3257  COj  and  01004  H^O.     C  =  55-8;  H  =  70. 
CgHijO^  requires  C  =  55*8  ;  H  =  70  per  cent 

Method  II,  By  Keduction  with  Ilydriodic  Acid, — In  the  first  experi- 
ment, the  cts-hydroxy-acid  (3  grams)  was  warmed  on  the  water-bath 
for  one  and  a  half  hours  with  25  c.c.  of  hydriodic  acid  (sp.  gr.  1*7) 
and  one  gram  of  amorphous  phosphorus,  and  then  heated  to  boiling  on 
the  sand-bath  for  two  hours. 

The  liquid  was  cooled,  filtered,  saturated  with  ammonium  sulphate, 
and  repeatedly  extracted  with  ether,  when,  after  washing  with  a  little 
dilute  sulphurous  acid  to  remove  traces  of  iodine  and  distilling  off  the 
ether,  a  yellow  oil  was  obtained  which  solidified  on  cooling.  After 
removing  oily  mother  liquor  by  contact  with  porous  porcelain,  the 
residue  crystallised  from  water  in  colourless  needles,  which  melted  at 
149 — 150°,  and,  on  careful  comparison,  this  acid  "was  found  to  be 
identical  with  the  <7'a/w-aay  trimethylglutaconic  acid  which  had  been 
obtained  with  the  aid  of  phosphorus  pentachloride  as  described  above. 
The  <ran«-hydroxy-acid  was  next  treated  with  hydriodic  acid  in  exactly 
the  same  way,  and  this  also  yielded  ^mwa  aay-trimethylglutaconic  acid 
melting  at  148—150°. 

Probably  the  best  way  of  preparing  the  latter  acid  is  to  treat  the 
mixed  cis-  and  <?*rt?is-hydroxy-acid8  with  phosphorus  pentachloride  and 
diothylaniline  in  the  manner  described  at  the  beginning  of  this  section. 

iTAna-aay-Trimethi/lglutaconic  acid  is  sparingly  soluble  in  benzene  and 
light  petroleum,  but  readily  so  in  water,  from  which  it  separates 
in  glistening  needles  melting  at  150°.  It  behaves  like  an  unsaturated 
acid,  since  its  solution  in  sodium  carbonate  rapidly  decolorises  perman- 
ganate in  the  cold.  When  heated  in  small  quantities,  some  carbon 
dioxide  is  evolved,  and  an  oil  distils,  which,  on  cooling,  partly  solidifies. 
If  this  distillate  is  digested  with  light  petroleum,  an  unsaturated  oil, 
smelling  strongly  of  a  fatty  acid,  is  extracted,  which  is  doubtless 
crotonyldimethylacetic  acid,  produced  according  to  the  equation : 

CO,H-CMej-CH:CMe-COjH  -  CO,H-CMe,-CH:OHMe  +  CO, 

(compare  Trans.,  1902,  81,  256),  but  the  quantity  was  too  small  for 

examination.     The  solid  {lortion,  insoluble  in  light  petroleum,  crystal- 

ised  from  water  in  colourless  needles  which  melted  at  148—160°,  and 
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consistod  of  UDohaDged  fraii«-aay-trimothylglu(4icotiic  acid.  From  this 
it  follovra  that,  whon  heated  in  small  quantities,  this  aoid  is,  to  a  large 
«.vf...^»   volatile  without  deoompoaition. 

fiylhbrowuhaayinmtikjflgliUaric  Acid, 

CO,H-CMe,-CHBrCMeBr-CO,H. 

When  Ircuit^ay-trimethylglutaconic  acid  is  exposed  to  the  action  of 
dry  bromine  vapour  for  2  days,  and  the  excess  of  bromine  then 
removed  by  leaving  the  gummy  product  over  powdered  potash  in  a 
vacuum  desiccator,  an  ochre-coloured  substance  is  obtained,  \?hich 
crystallises  from  formic  acid  (sp.  gr.  1*22)  in  needles,  and  melts  and 
deoompoees  at  205 — 207°.  The  analysis  shows  that  this  substance  is 
the  dibromo-acid  having  the  above  formula : 


0-2062  gave  0  2350  AgBr.     Br- 48  4. 

CgH,jO^Br,  requires  Br  =  48-2 


per  cent. 


When  this  dibromo-acid  is  heated  in  a  test-tube,  it  evolves  bromine 
and  hydrogen  bromide,  and  an  oil  distils  which  solidifies  on  cooling,  no 
residue  being  left  in  the  tube. 

aay-TrimetliylglxUaric  Acid,  COgH-CMej'CHj-CHMe-COgH. 

As  stated  in  the  introduction,  ^ran«-aaytrimethylglutaconic  acid  is 
reduced  with  difficulty,  and  the  only  way  in  which  the  reduction  could 
be  carried  out  was  by  means  of  sodium  and  alcohol. 

The  acid  was  dissolved  in  alcohol,  the  solution  heated  to  boiling  in 
a  large  flask  connected  with  a  wide  reflux  condenser,  and  then  a  very 
large  excess  of  sodium  added  as  quickly  as  possible.  The  mass  was 
dissolved  in  water,  evaporated  until  free  from  alcohol,  acidified,  and 
extracted  with  ether,  but  as  the  residue  from  the  ether  still  contained 
trimethylglutaconic  acid,  the  reduction  with  sodium  and  alcohol  was 
repeated.  The  acid  from  the  second  reduction  was  fractionally  crystal- 
lised from  water  with  the  aid  of  animal  charcoal,  and  in  this  way, 
glistening  crystals  were  obtained,  which  melted  at  97 — 98°,  and 
consisted  of  aay 4rimelhylgl\Uaric  add,  Auwers  and  Victor  Meyer 
(Ber.,  1890,  23,  300)  give  97"*  as  the  melting  point  of  aay-trimethyl- 
glutaric  acid  : 

01026 gave 0-2053  CO,  and  00757  HjO.     C  =  54  5  ;  H  =  8-2. 
CgHj^O^  requires  C  =  55*1 ;  H  =  8'0  per  cent. 

The  slight  deficiency  in  carbon  is  due  to  the  substance  containing  a 
trace  of  ash  which  was  not  removed  by  recrystallisatioo. 

The  Oweks  Collbck, 
Makchbsteb. 
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LXXXI. — Hexamethyleneoctocarhoxylic  Acid  and  the 
cis-  and  trsma- Modijications  of  Hexamethijlenetetra- 
carhoxylic  Acid  {Hexahydropyromellitic  Acid). 

By  T.  W.  D.  Gregory  and  W.  H.  Perkin,  jun. 

During  the  course  of  a  series  of  experiments  on  the  condensation  of 
ethyl  malonate  with  formaldehyde  (Haworth  and  Perkin,  Trans., 
1898,  73,  330,;  Bottomley  and  Perkin,  1900,  77,  294  ;  compare 
Knoevenagel,  Ber.^  1894,  27,  2345),  the  observation  was  made  that 
ethyl  propanetetracarboxylate,  which,  in  certain  circumstances,  is 
the  principal  product  of  the  reaction 

(C02Et)2CH2  +  CH^O  +  CH2(C02Et)2  = 

(C02Et)2CH-CH2-CH(002Et)2  +  HgO, 

is  readily  acted  on  by  bromine  with  the  formation  of  ethyl  dibromo- 
propanetetracarhoxylaie,  (C02Et)2CBr-CH2-CBr(C02Et)2. 

When  this  ester  is  digested  with  the  disodium  compound  of  ethyl 
propanetetracarboxylate,  sodium  bromide  is  immediately  eliminated 
and  an  almost  quantitative  yield  of  ethyl  heocamethyleneoctoearhoxylate 
is  obtained, 

(C02Et)2CNa-CH2-CNa(C02Et)o  _ 

(C02Et)2CBr-CH2-CBr(C02Et)2"" 

(002Et)2C.CH,.C(C02Et)2 
(C02Et)2C-C  H2-C(G02Et)2     ^ 

This  interesting  ester  is  a  beautifully  crystalline  substmce  which 
melts  at  46°  and  which,  when  boiled  with  concentrated  hydrochloric 
acid,  is  almost  quantitatively  hydrolysed  with  the  formation  of  the  corre- 
sponding hexamethyleneoclocarhoxylic  acid, 

(C02H)2C-CH2-C(C02H)2 
(C02H)2C-CH2-C(C02H)2  • 

That  this  acid  should  be  formed  in  this  wi\y  is  certainly  remarkable, 
because  esters  which  contain  the  grouping  IC(C02Et)2,  when  digested 
with  concentrated  hydrochloric  acid,  are  not  only  hydroly>ed  but  also 
lose  carbon  dioxide,  the  above  group  becoming  ICH'COoH.  It  is 
diflficult  to  understand  why,  in  the  case  of  this  ester,  which  contains 
no  less  than  four  of  these  !C(C02Et)2  groupings,  there  should  be  no 
elimination  of  carbon  dioxide  on  hydrolysis  with  boiling  hydrochloric 
acid. 

Hexamethyleneoctocarhoxylic  acid  melts  at  218°  with  rapid  evolu- 
tion  of  carbon   dioxide   and   formation   of  a   mixture   of    the  trans- 
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modification  of  hexamethi/lenetetracarboxi/lto  acid  (hexahydropyromelU- 
tic  acid)  and  the  double  anhydride  of  the  cw-modification  of  the 
same  acid.  Since  this  acid  contains  two  pairs  of  asymmetric  carbon 
atoms,  it  may,  of  course,  exist  in  the  following  modifications  : 


COoH     H       H     CO2H 

CO2H     H    OOjH     H 

C— CH«— C 

C CH2 — c 

COjH      H       H      COjH 

CO2H      H           H      CO2H 

Cis-  (in.  p.  140°). 

CiS'trans-  (unknown). 

CO2H     H    CO,H     H 

C— CH,- 

\/ 

C CH.,- 

— c 

H     COgH 

H      CO.H 

Trans,  (m 

.p.  175°). 

The  above  mentioned  double  anhydride  of  the  c?'5-acid,  which  hns 
the  constitution 

CO-C-CH,-C-00 
"^CO-C-CH,-C-CO^"' 

melts  at  60°  and  behaves  normally  on  treatment  with  aniline, 
yielding  a  double  anilic  acid  from  which  the  corresponding  double  anil 
is  obtained  by  the  action  of  heat.  It  is  readily  converted  into  the 
ci«-acid  (m.  p.  139 — 140°)  by  boiling  with  water.  Experiments  which 
were  instituted  with  the  object  of  converting  this  m-acid  into  the 
<ran5-modification  by  he  iting  with  hydrochloric  acid  were  unsuccessful 
owing  to  decomposition  taking  place  before  the  temperature  necessary 
for  the  isomeric  change  had  been  reached. 

On  the  other  hand,  the  ^r«?2s-acid,  when  heated  with  acetic  anhydride 
at  200°  and  then  distilled,  yields  large  quantities  of  the  anhydride  of  the 
ci«-acid,  and  there  can  thus  be  no  doubt  that  these  two  acids  are  stereo- 
isomeric  modifications  of  hexamethylenetetracarboxylic  acid.  It 
would  have  been  interesting  to  have  isolated  the  ctV^?*aws-moJification 
of  this  acid  which  is  represented  above,  but,  although  many  experiments 
were  carried  out  with  the  object  of  obtaining  this  form,  it  was  found 
impossible  to  isolate  it  in  a  pure  condition.  Attempts  were  also  made 
to  remove  the  six  hydrogen  atoms  from  the  anhydride  of  the  cw-acid  by 
treatment  first  with  bromine  and  then  with  caustic  potash,  in  the  hope 
of  thus  synthesising  pyromellitic  acid,  but  the  decomposition 
proceeded  in  another  direction  and  we  were  unable  to  isolate  even 
traces  of  this  acid. 
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Ji^thyl  Dih'omoiiropanetetracarhoxylatey 
(C02Et)2CBr-CH2-CBr(C02Et)2. 

In  order  to  obtain  a  satisfactory  yield  of  this  bromo-ester,  it  is 
essential  that  the  ethyl  propanetetracarboxylate  employed  shall  be 
carefully  puriBed  by  repeated  fractionation,  as  small  quantities  of 
impurity  very  much  hinder  the  solidification  of  the  bromo-ester.  The 
pure  ester  (30  grams)  is  dissolved  in  three  times  its  volume  of  chloro- 
form and  mixed  with  rather  more  than  the  calculated  quantity  of 
bromine  (35  grams),  a  trace  of  iodine  is  then  added,  and  the  whole 
heated  on  the  water-bath  in  a  reflux  apparatus  until  hydrogen  bromide 
has  almost  ceased  to  be  evolved,  which  is  usually  the  case  after  6  or  8 
hours.  Substitution  takes  place  very  slowly,  especially  at  first,  and  is 
considerably  hastened  if  the  flask  containing  the  mixture  is  exposed 
to  direct  sunlight.  The  product,  when  washed  with  dilute  sulphurous 
acid  in  order  to  remove  hydrogen  bromide  and  excess  of  bromine, 
dried  over  calcium  chloride  and  evaporated,  yields  an  oily  residue, 
which  slowly  solidifies.  The  crystals  are  freed  as  far  as  possible  from 
oily  mother  liquor  by  contact  with  porous  porcelain,  and  then  recrys- 
tallised  from  dilute  methyl  alcohol,  from  which  the  substance  separates 
in  colourless  prisms.     On  analysis  : 

0-1819  gave  0-1392  AgBr.     Br  =  32-6. 

OjgHggOgBrg  requires  Br  =  32*7  per  cent. 

Ethyl  dibro mojyi'opcmetetracarboxy late  melts  a,t  54 — 55°,  and  is  readily 
soluble  in  most  organic  solvents  with  the  exception  of  light  petroleum, 
in  which  it  dissolves  very  sparingly.  It  is  readily  acted  on  by  alcoholic 
potash  with  the  formation  of  a  deep  yellow  salt,  which  is  at  present 
under  investigation.  When  it  is  boiled  with  diethylaniline,  a  vigorous 
reaction  takes  place,  the  solution  rapidly  becoming  black. 


(C02Et)2C-CH2-C(C02EL)2 
Ethyl  llexamethyleneoctocarhoxylate,     ,qq  j,,v  n.nij  .n/no  Et")    * 

In  preparing  this  oster,  pure  ethyl  propanetetracarboxylate  (14 
grams)  is  mixed  with  a  solution  of  sodium  (2  grams)  in  30  grams  of 
absolute  alcohol,  and  then  treated  all  at  once  with  powdered  ethyl 
dibromopropanetetracarboxylate  (20  grams),  the  temperature  being 
kept  below  30°  by  cooling  with  water.  The  reaction  takes  place 
immediately,  and  quantities  of  sodium  bromide  separate  in  the  cold  ; 
after  a  few  minutes,  the  decomposition  is  completed  by  heating  the 
mixture  for  10  minutes  on  the  water- bath. 

Wlien  the  product  is  poured  into  four  times  its  volume  of  water  an 
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oil  separates  which  quickly  solidifies  ;  after  about  an  hour,  the  pre- 
cipitate is  oolleoted,  washed  thoroughly  with  water,  spread  on  porous 
porcelain,  and  dried  over  sulphuric  acid.  It  is  then  purified  by  recrys- 
tallisation  from  light  petroleum,  from  which  it  gradually  separates  in 
needles  which  gi*eatly  resemble  crystals  of  sublimed  phthalic  anhydr- 
ide and  are  often  several  inofties  in  length  : 

01439  gave  0  2870  OOj  and  0-0868  HjO.     C-54-4  ;  H=.6-7. 
0-1581     „     03152  COj    „    00946  lip.    0  =  544;  H  =  65. 
^30^4 Ar*  requires  C  =  54*5  ;  H  =  6-6  per  cent. 

Ethyl  luxamethyhneoctocarhoxylate  melts  at  46°,  and  is  readily  soluble 
in  alcohol,  chloroform,  acetic  acid,  and  benzene ;  it  dissolves  readily 
in  boiling  light  petroleum  (b.  p.  70 — 80°),  but  is  sparingly  soluble 
in  this  solvent  in  the  cold.  The  ester  crystallises  best  from  light 
petroleum  or  dilute  methyl  alcohol,  but  even  from  these  media  it  is 
obtained  in  crystals  with  some  difficulty,  owing  to  its  tendency  to 
separate  from  warm  solvents  in  the  form  of  an  oil.  When  a  small 
quantity  is  heated  in  a  test-tube,  it  distils  without  any  residue  and 
apparently  without  decomposition,  as  the  colourless  distillate  solidifies 
on  cooling. 

,        t       7-     >   .J      (C02H)2C-CH2-C(C02H)2 
Hexamethyleneoctocarhoxyhc  A<.d,     (CO,K),6'CHl'6iColu)l' 

In  preparing  this  acid,  the  pure  ester  was  heated  to  boiling  in  a 
reflux  apparatus  with  concentrated  hydrochloric  acid  until  the  oil  had 
entirely  dissolved.  The  solution,  when  evaporated  to  a  small  bulk, 
slowly  deposited  a  crystalline  crust  which  was  collected  at  the  pump, 
and  washed  with  hydrochloric  acid.  On  concentrating  the  filtrate,  a 
further  crop  of  crystals  was  obtained  and  the  concentration  of  the 
mother  liquors  was  repeated  several  times  until  crystals  ceased  to 
separate.  Finally,  the  mother  liquors  were  evaporated  nearly  to 
dryness  and  the  semi-solid  residue  left  in  contact  with  porous  porcelain 
until  dry.  In  a  quantitative  experiment,  the  total  yield  of  acid 
obtained  from  50  grams  of  ester  was  29  grams,  whereas  the  calculated 
yield  is  33  grams.  For  analysis,  the  acid  was  again  crystallised  from 
hydrochloric  acid  and  thus  obtained  in  colourless,  glistening  crystals : 

0-1382  gave  0-1940  CO2  and  0-0368  Hfi.     0  =  38-3;  H  =  2-9. 
0-2073     „     0-2911  CO2     „    0-0540  H2O.     0  =  383;  H  =  2-8. 
^14^12^16  requires  0  =  385  ;  H  =  2  7  per  cent. 

Hexamethyleneoctocarhoxylic  acid  melts  at  about  218 — 220°  with 
rapid  decomposition,  due  to  the  escape  of  carbon  dioxide  and  steam. 
It   is   sparingly  soluble  in  dry  ether,   benzene,  chloroform,  and  light 
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petroleum,  but  readily  soluble  in  alcohol.  It  dissolves  to  almost  any 
extent  in  water,  from  which  it  readily  crystallises,  if  the  strong  solu- 
tion is  saturated  with  hydrogen  chloride. 

Salts  of  Ilexamethyleneoctocarhoxylic  Acid. — The  silver  salt, 
CgH4(C02Ag)8,  is  obtained  as  a  white,  caseous,  very  insoluble  pre- 
cipitate on  adding  silver  nitrate  to  a  slightly  alkaline  solution  of  the 
ammonium  salt.  This  salt  explodes  on  heating,  giving  a  very  volu- 
minous mass  of  carbon,  and  for  this  reason  considerable  difficulty  was 
experienced  in  obtaining  satisfactory  results  on  analysis.  The  silver 
was  determined  by  heating  the  salt  with  hydrochloric  and  nitric  acids 
in  a  sealed  tube  at  180°,  and  in  determining  the  carbon  and  hydrogen, 
the  substance  was  mixed  in  the  combustion  tube  with  powdered  copper 
oxide : 

0-2694  gave  0-1284  CO2  and  0-0154  HgO.     C=13-0;  H  =  0-6. 
0-2910     „     0-2571  AgCl.     Ag  =  66-4. 
Cj^H^  AggOjg  requires  0  =  13-0;  H  =  0-3  ;  Ag  =  669  per  cent. 

A  slightly  alkaline  solution  of  the  ammonium  salt  immediately 
gives,  in  the  cold,  caseous  precipitates  with  barium  or  calcium  chlor- 
ide. When  titrated  with  decinormal  caustic  soda,  using  phenol- 
phthalein  as  the  indicator,  hexamethyleneoctocarboxylic  acid  does  not 
neutralise  quite  the  theoretical  amount  of  alkali.  Three  experiments 
made  with  three  different  preparations  of  the  acid  gave  the  following 
results : 

T.     01947  neutralised  01394  NaOH  =715  per  cent. 
II.     0-2107  „  0-1504  NaOH  =71-4 

III.     0-1956  „  01368  NaOH  =70-0 

The  amount  of  caustic  soda  neutralised  by  an  octocarboxylic  acid 
having  the  formula  Ci^HigOjj  is  theoretically  73-4  per  cent. 


trans-  UexamethyUnetelracarhoxylic  A  cid, 


COoH     H     COoH     H 

6 — CH, ( 

C CHj- 

H     COjH    H     CO,H 


When  hexamethyleneoctocarboxylic  acid,  in  quantities  of  not  more 
than  5  grams,  is  heated  in  a  wide  test-tube  in  a  sulphuric  acid  bath  at 
230°,  much  steam  and  carbon  dioxide  are  given  off,  and  in  about  ten 
minutts  the  frothing  has  ceased  and  the  decomposition  is  complete. 

The  residue,  which  solidifies  on  cooling,  consists  of  <ra»w-hexa- 
methylenetetracjirboxylic  acid  and  the  anhydride  of  the  cM-modifica- 
tion  of  the  same  acid,  the  latter  being  present  in  by  far  the  larger 


quantity.  In  oidt«r  to  sop.iint*'  tlit><'  two  Mr'.>t  uk  <•>,  tho  brown  mass 
is  powderod  and  iligosted  with  ti»lu«'iit>  \u  wl.u  h  t  lie  anhydride  dis- 
solves, but  in  which  the  trans-Acid  is  almost  insoluble. 

After  collecting  at  the  pump  and  washing  with  toluene,  the  grey 
residue  is  dried  at  100°  until  free  from  toluene,  dissolved  in  water, 
and  the  solution  decolorised  by  bjiliog  with  animal  charcoal. 

The, pure  rran«-acid  gradually  separates  in  colourless,  glistening 
plates  when  the  concentrated  aqueous  solution  is  mixed  with  an  equal 
volume  of  hydrochloric  acid  : 

01531  gave  0  2593  COj  and  00677  HjO.     C-46-2;  H-4'9. 
01537     „     0-2599  CO^  and  00675  H^O.     C  =  461  ;  H  =  48. 
CjoHijOg  requires  C  =  46-2  ;  H  =  46  per  cent. 

imn8-HexameUit/le7utetra<Mrboxt/lic  (ocid  melts  at  175°,  and  imme- 
diately solidifies  again  a  few  degrees  below  this  temperature.  It  is 
sparingly  soluble  in  benzene,  chloroform,  and  light  petroleum,  but 
dissolves  readily  in  alcohol  and  ether.  It  is  very  soluble  in  water, 
although  to  a  less  extent  than  the  ci^-acid,  and  crystallises  well 
from  hydrochloric  acid,  but  the  crystals  are,  as  a  rule,  not  well 
de6ned. 

Oa  titration  with  decinormal  Ciiustic  soda,  using  phenolphthalein  as 
the  indicator,  0*1977  required,  for  neutralisation,  0*1 214  NaOH, 
whereas  this  amount  of  a  tetrabasic  acid,  Cj^HjgOg,  should  neutralise 
01216  NaOH. 

The  slightly  alkaline  solution  of  the  ammonium  salt  of  this  acid 
gives  no  precipitates  with  barium  or  calcium  chloride,  even  on  boil- 
ing, and  in  this  respect  the  <ran«-acid  differs  from  the  ciVacid  (p.  787). 
Zinc  sulphate  also  gives  no  precipitate  in  the  cold,  but,  on  boiling,  a 
very  sparingly  soluble  salt  separates  in  globular  masses  resembling 
starch  granules.  Mercuric  chloride  gives  no  precipitate  at  first,  but 
the  solution  soon  becomes  cloudy,  and,  on  warming,  a  very  sparingly 
soluble,  apparently  crystalline,  salt  separates. 

Conversion  of  iraius- ffexamethi/lenetetracarboxi/lic  Acid  into  the  cis- 
ModiJictUion. — When  heated  by  itself,  the  /raTW-acid  distils  almost 
without  decomposition  and  shows  only  little  tendency  to  pass  into  the 
anhydride  of  the  cw-acid.  If,  however,  the  <raw«-acid  is  heated  in  a 
sealed  tube  with  acetic  anhydride  at  200°  for  three  hours,  and  the 
product,  after  distilling  off  the  acetic  acid  and  excess  of  acetic 
anhydride,  is  distilled  under  reduced  pressure  (15  mm.),  a  considerable 
quantity  of  oil  passes  over,  leaving  a  carbonaceous  mass  in  the  retort 
The  distillate  solidifies*  on  cooling,  and,  after  removing  the  oily 
mother  liquor  by  contact  with  porous  porcelain  and  crystallisation 
from  toluene,  colourless  crystals  are  obtained  which  melt  at  60°  and 
consist  of  the  pure  anhydride  of  the  cM-acid  : 
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0-1003  gave  01967  CO^  and  0-0344  Kfi.     C  =  533  j  H  =.  3-8. 
CjoHgO^  requires  C  =  53-5  ;  H  =  3*6  per  cent. 

The  identity  of  this  anhydride  was  further  established  by  convert- 
ing it  into  the  cis-acid,  which  melted  at  138—140°. 

COgH     H      H     COoH 

C^— OH"  —~C* 
ch-Hexamethylenetetracarhoxylic   Acid^         X     r<o-^     ri 

/\     /\ 

CO2H     H      H     CO2H 

The  dark  brown  toluene  mother  liquors  from  the  purification  of  the 
<raw«-acid  contain  the  anhydride  of  the  cis-acid. 

These  were  in  the  first  instance  digested  for  an  hour  with  animal 
charcoal,  and  after  filtering,  evaporated  to  a  small  bulk,  when,  on 
remaining  over-night,  thick,  curiously-shaped,  light  brown,  crystalline 
masses  had  separated,  and  a  further  crop  was  obtained  from  the 
mother  liquors  by  again  treating  with  animal  charcoal  and  evaporating 
to  a  small  bulk.  This  crude  anhydride  was  purified  by  recrystallising 
several  times  from  toluene,  traces  of  the  <rarw-acid,  if  present,  being 
always  carefully  removed  by  filtration  before  the  anhydride  was 
allowed  to  separate : 

0-1827  gave  0-3558  COg  and  0-0637  HoO.     C  =  53-2  ;  H  =  3-8. 
01646     „     0-3219  CO2    „    00573  HgO.     0  =  53-3;  H  =  3-8. 
CjoHgOg  requires  0  =  53-5  ;  H  =  3-6  per  cent. 

The  anhydride  of  cishexamethylenetetrcioarboxylic  acid  melts  at  about 
60°,  and  is  readily  soluble  in  ether  but  sparingly  so  in  benzene,  light 
petroleum,  and  chloroform  ;  it  is  insoluble  in  cold  water,  but  slowly 
dissolves  in  sodium  carbonate  with  effervescence.  When  heated  with 
resorcinol  and  a  drop  of  sulphuric  acid  at  130°  it  yields  a  dark  brown 
mass  from  which  water  precipitates  an  orange-coloured  substance 
exactly  like  fluorescein  in  appearance.  This  dissolves  in  caustic  soda, 
and  if  the  dark  brown  solution  is  thrown  into  a  large  quantity  of 
water,  an  intense  fluorescence,  indistinguishable  from  that  of 
fluorescein,  is  produced. 

When  warmed  with  water,  the  anhydride  first  melts  and  then 
rapidly  dissolves,  and  if  the  solution  is  evaporated  nearly  to  dryness, 
the  cis  Acid  separates  on  cooling  in  crystalline  flakes  and  sometimes  in 
flat  prisms.  These  were  collected  on  the  pump,  and  purified  by 
reorystallisation  from  hydrochloric  acid  : 

0-1877  gave  0  3174  00,  and  00794  H,0.     0-46-1 ;  H-4-7. 
0-1325     „     0-2235  OO2    „    00560  H,0.     0-460;  H-4-7. 
On)Hj,Og  recjuires  0  -  46-1 ;  H  —  4-6  per  cent. 
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cis-//^j.c/j'.'  ■  (  '  .'  i  ;  '  M  •  ,»  ',  wii.  n  ^  1  f  i"in\  nu'lts  lit  about 
139  —  140,hut  tiio  t'X.ict  tt'H4»t'r.iUuo  is  astiK. lined  with  difticulty 
owing  to  the  fact  that  the  acid  melts  to  a  thick  syrup,  which  only 
grAdually  becomes  clear.  It  is  excessively  soluble  in  water,  and  dis- 
soWee  readily  even  in  concentrated  hydrochloric  acid  ;  it  is,  however, 
sparingly  soluble  in  chloroform,  benzene,  and  light  petroleum.  On 
titration  with  decinormal  caustic  soda,  using  phenolphthalein  .as  the 
indicator,  0-2042  required  for  neutralisation  0*1245  NaOII,  whereas 
this  amount  of  a  tetrabasic  acid,  CnjHj^Og,  should  neutralise  0-1256 
NaOH. 

The  salts  of  the  ei>-acid  differ  very  considerably  in  solubility  from 
those  of  the  corresponding  traii8-axi\d  (p.  785). 

The  slightly  alkaline  solution  of  the  ammonium  salt  gives  no  pre- 
cipitate with  calcium  chloride  in  the  cold,  but, on  boiling,  a  beautifully 
crystalline  and  very  sparingly  soluble  calcium  salt  sepirates  in  six- 
sided  plates.  Barium  chloride  also  gives  no  precipitate,  in  the  cold, 
and,  on  boiling,  the  insoluble  barium  salt  gradually  crystallises  in 
slender  needles.  Copper  sulphate  gives  no  precipitate,  but,  on  gently 
warming,  a  bluish-green,  amorphous  salt  separates  ;  zinc  sulphate 
gives  no  precipitate,  but  mercuric  chloride  and  leid  acetate  immedi- 
ately produce  white  precipitates. 


cis- Ihxa melhi/lenetetracarboxydianilic  A cidy 
CgHj-NH-CO-C^H-CHg-CpH-COaH 


COaH-CH-CHg-CH-CO-NH-CgHj 


(?). 


On  adding  aniline  to  a  solution  of  the  anhydride  in  benzene,  this 
substance  separates  at  once  as  a  thick  syrup  which  gradually  solidifies. 
It  is  readily  purified  by  recrystallisation  from  methyl  alcohol,  from 
which  it  separates,  either  as  a  sandy  powder  consisting  apparently  of 
truncated  octahedra,  or  in  glistening  plates.  It  melts  at  about  172°, 
softening  at  a  slightly  lower  temperature,  and  then  decomposing 
vigorously  into  water  and  the  dianil : 

0-2128  gave  13-2  c.c.  nitrogen  at  20°  and  752  mm.     N  =  70. 
^M^22^6^2  requires  N  =  6-8  per  cent. 

This  dianilie  acid  is  sparingly  soluble  in  benzene,  light  petroleum, 
chloroform,  and  methyl  alcohol  in  the  cold,  but  dissolves  moderately 
readily  in  the  latter  solvent  on  boiling ;  it  dissolves  in  dilute  aqueous 
caustic  potash,  and  is  reprecipitated  on  the  addition  of  acid. 
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At  200°,  the  dianilic  acid  decompoJips  rapidly  with  evolution  of  steam, 
and  the  residue  solidifies  at  once  on  cooling.  By  recrystallising  from 
benzene  or  dilute  methyl  alcohol,  the  dianil  is  readily  obtained  pure  in 
the  form  of  long,  thin  needles  which  melt  at  98°  : 

Oi474  gave  10  c.c.  nitrogen  at  18°  and  757  mm.     N  =  7-7. 
CggHjgO^Ng  requires  N  =  7'5  per  cent. 

Attempts  to  convert  cis- HexaTnethylenetetracarhoxylic  Acid  into  the 
tvAns- Modification. — When  the  cis-acid  dissolved  in  a  small  quantity 
of  water  is  heated  with  hydrochloric  acid  at  175°  for  1  hour,  the 
solution  remains  nearly  colourless,  and,  on  evaporating  to  a  small 
bulk,  the  unchanged  acid  separates.  Several  additional  experiments 
were  then  made  at  gradually  increasing  temperatures  up  to  195°,  but 
at  the  latter  temperature  decomposition  took  place  with  elimination 
of  carbon  dioxide  and  separation  of  carbonaceous  flocks.  On  examin- 
ing the  contents  of  the  tubes,  which  had  been  heated  between  170° 
and  195°  no  indication  was  observed  of  any  conversion  of  the  cis-  into 
the  ^rans- modification.  The  reverse  change,  namely,  the  conversion  of 
the  trans-  into  the  cis-modification,  is  described  on  p.  785. 

The  Owens  College, 
Manchesteu. 


LXXXII. — Hydrocyanic  Acid  in  Fodder-plants, 

By  J.  C.  BkOiNNICH. 

The  discovery  by  Messrs.  Dunstan  and  Henry  *  of  a  glucoside 
*'  dhurrin,"  contained  in  the  young  plants  of  the  sorghum,  which  on 
decomposition  in  presence  of  water  yields  free  hydrocyanic  acid,  is 
of  the  greatest  importance  because  this  explains  the  numerous  cases  of 
sudden    death    occurring   among   cattle   fed   on    immature    sorghum. 

*  "  Cyanogenesis  in  Plants.  II."  By  Wyndham  R.  Dunstan  and  T.  A.  Henry 
{Phil  Trana.,  1902,  Series  A,  899). 

[Dunstan  and  Henry  have  shown  that  with  both  Sorghum  Wklgcur^  and  LoIub 
arabieus  {Phil  Trans.,  1901,  Series  B,  515)  the  production  of  hydrocyanic  acid 
increases  with  the  growth  of  the  plant  towards  maturity  and  then  rapidly  diminiahes, 
—Editor.] 
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It  bt*coiue8  very  important  to  ascertain  at  what  periods,  and  under 
Nvhat  conditions  of  growth,  the  important  fodder-planta  belonging 
to  this  genus  of  grasses  are  most  dangeroup,  and  when  they  may  be 
eaten  with  impunity. 

Veterinary  Inspector  W.  C.  Quinnell,  in  a  paper  on  the  "  Injurious 
effects  of  Borghum  on  stock,"  read  before  the  Agricultural  Conference, 
held  at  Toowoomba,  Queensland,  on  June  11th,  1 902,  enumerated  some 
of  the  ronflicting  statements  and  theories  advanced  on  this  subject 
under  the  following  heading: 

Circum$iane«M  and   Conditions   under   which   Sorghum   is   believed   to 

heeome   Poisonous. 

1.  If  sorghum  is  eaten  in  an  immature  condition. 

2.  When  sorghum  grows  rapidly  after  rainfall. 

3.  When  the  plant  is  stunted  by  failure  of  rain  or  by  frost. 

4.  When  sorghum  is  attacked  by  insects  during  an  exceptionally 
dry  season. 

5.  A  poisonous  mould  or  fungus  is  supposed  to  be  the  medium  of 
poison. 

6.  In  some  parts  of  India,  the  plant  is  said  to  be  poisonous  until  the 
rains  (monsoons)  are  over. 

7.  The  poisoning  is  attributed  to  the  potassium  nitrate,  which 
under  certain  conditions  is  precipitated  in  the  stems  of  the  plants. 

8.  Physiological  changes  in  the  growth  of  the  plant  owing  to 
climatic  disturbances,  such  as  want  of  rain,  excess  of  humidity,  damp 
cloudy  weather,  or  prevalence  of  extremely  variable  and  unnaturally 
high  temperatures. 

In  order  to  test  these  theories  thoroughly,  the  Queensland  Department 
of  Agriculture  carried  out  a  series  of  experiments  on  an  experimental 
plot  in  the  Brisbane  Botanic  Garden.  This  plot,  which  was  exception- 
ally well  feituated  on  the  river  bank,  consisted  of  a  loose,  but  rather 
poor,  sandy  soil.  The  sorghum  varieties  "  Planter's  Friend "  or 
**Imphee,"  and  "Early  Amber,"  and  also  a  variety  of  Indian  corn  or 
maize,  were  grown  in  rows  5  feet  apart.  Some  of  these  rows  were  left 
unmanured,  and  others  were  manured  with  sodium  nitrate  in 
three  applications  of  2*5  cwt.  per  acre  each,  in  order  to  test  the 
influence  of  heavy  nitrogenous  manure.  At  first  the  plots  had  to  be 
watered  artificially,  but  at  the  end  of  January,  showery  weather  with 
high  temperatures  set  in^which  continued  until  the  experiments  were 
concluded. 

The  samples,  when  cut  for  analysis,  were  taken  from  measured 
areas,  weighed,  and  quickly  disintegrated. 
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For  the  estimation  of  the  hydrocyanic  acid,  200  grams  of  the 
minced  fodder  were  mixed  with  200  grams  of  water,  and  left  to 
macerate  for  20  hours  in  a  well-stoppered  bottle  at  the  ordinary  tempera- 
ture. The  formation  of  the  free  acid  generally  began  in  15  to  30 
minutes,  as  was  indicated  by  a  piece  of  Schonbein-Pagenstecher's  test 
paper  suspended  from  the  stopper.  At  the  end  of  20  hours,  the  pulp 
was  quickly  pressed  through  a  linen  cloth,  and  the  hydrocyanic  acid  in 
100  c.c,  of  the  liquid  determined  by  distillation  into  a  small  quantity 
of  water  containing  about  5  c.c.  of  decinormal  caustic  soda  solution. 
In  all  cases,  the  hydrocyanic  acid  was  determined  volumetrically 
with  decinormal  silver  nitrate,  but  a  comparison  of  the  volumetric  and 
gravimetric  methods  showed  that  the  results  agreed  very  closely  : 

Percentage  of  HON  found 

volumetrically  gravimelrically 

000383  0-00382 

001090  0-01082 

001170  0-01165 

0-00275  0-00272 

0-00756  0-00749 

Experiments  carried  out  in  order  to  ascertain  whether  longer 
digestion  would  make  any  difference  in  the  amounts  of  hydrocyanic 
acid  liberated,  or  whether  a  loss  of  the  acid  might  take  place,  gave 
the  following  results  : 


jrcentago  of  HON 
after  20  liours. 

Percentage  of  HON 
after  42  hours. 

Percentage  of  HCN 
after  66  hours. 

00108 

0-0102 

— 

0-0349 

— 

00340 

00174 

0-0166 

— 

00082 

— 

00080 

The  addition  of  preservatives  during  maceration  completely  stopped 
the  fermentative  action.  When  1  c.c.  of  formalin  solution  was 
added  to  the  liquid,  no  trace  of  hydrocyanic  acid  was  formed,  even 
after  a  week  ;  chloroform  acted  similarly. 

It  was  found,  on  distilling  the  hydrocyanic  acid,  that  an  addition  of 
2  or  3  c.c.  of  dilute  sulphuric  acid  slightly  increased  the  amount  of 
hydrocyanic  acid  obtained,  and  for  this  reason  the  mineral  aoid  was 
always  added  before  distillation  : 


Percentage  of  HCN 

Percentage  of  HCN 

diatilled  with  acid. 

distilled  without  aoid. 

00276 

0-0252 

00190 

00175 

0-0138 

00126 
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The  Ublet  I  to  HI  (pp.  793 — 795)  nhow  the  results  of  the  numerous 
AiuUjtee,  giving  the  coinpo«ition  of  the  original  green  fodder,  and 
also  the  Talues  (numbeni  in  italics)  calculated  on  the  amount  of  dry 
substance  in  the  fodder. 

Id  the  sorghum  Tarieties,  **  Imphee "  and  **  Early  Amber,"  iho 
amount  of  hydrocyanic  acid  gradually  dimioisheM  aa  the  crop  matures, 
l>ut  it  is  impossible  to  say  at  what  age  the  crop  becomes  absolutely 
safe  for  une,  as  this  will  depend  to  a  large  extent  on  the  individual 
ani mills  and  al»o  on  the  conditions  under  which  the  crop  has  been 
grown.  It  may,  however,  be  safely  stated  that  as  soon  as  the  seeds 
are  fully  developed  the  amount  of  hydrocyanic  acid  is  so  much 
diminished  that  the  fodder  will  then  be  innocuous. 

Attention  must  be  particularly  drawn  to  the  fact  that  disintegrating, 
'^r  even  sun-drying,  the  fodder  will  not  eliminate  the  danger,  as  is  often 
:  opularly  stated.  It  will  be  seen  that  a  disintegrated  sample  of  the 
"  Planter's  Friend  "  had  only  lost  a  very  small  amount  of  the  poison 
after  40  hours,  whilst  a  sample  kept  in  an  open  dish  contained  some- 
vhat  less  hydrocyanic  acid  owing  to  loss  by  fermentation  (Table  IV, 
p.  796). 

In  all  cases,  the  influence  of  favourable  weather  and  heavy  nitro- 
L^enous  manuring  increases  the  amount  of  poisonous  glucoside. 

Indian  corn  or  maize,  in  which  the  presence  of  the  glucoside  has 
.ot  hitherto  been  suspected,  also  contains  a  small  amount,  which 
ncreases  up  to  the  flowering  stage,  and  decreases  rapidly  as  soon  as  the 
cobs  begin  to  form,  but  the  actual  quantity  does  not  become  dangerous 
in  ordinary  circumstances.  No  definite  relation  between  the  total 
jitantity  of  nitrogen  and  the  amount  of  hydrocyanic  acid  seems  to  exist. 

Samples  of  the  popular  fodder  plants  "  Kafir  Corn,"  *'  Guinea  Grass/' 
or  panicum  maximunit  and  panicum  muiicuniy  grown  in  various 
localities  were  examined,  and  they  all  contained  a  glucoside  yielding 
hydrocyanic  acid. 

It  will  be  of  the  greatest  practical  importance  to  test  other 
varieties  of  sorghum  and  maizes  in  order  to  ascertain  which  varieties 
are  most  dangerous,  and  which  can  be  used  with  safety  at  all  stages 
of  growth. 

Several  samples  of  sugar  cane  tops  and  paspalum  dilatatumy  and  couch 
grass  (eynodcn  dactylon)  were  examined  for  hydrocyanic  acid,  but  not 
the  slightest  trace  was  found  in  the  macerated  samples. 

Schonbein-Pagenstecher's  test  paper  gives  a  ready  method  of 
examining  fodder  plants  ^or  glucosides  yielding  hydrocyanic  acid, 
^ihe  sensitiveness  of  the  reaction  being  greatly  increased  if  the  paper 

moistened  with  either  formalin  solution  or  alcohol  instead  of  water. 

The  conclusions  drawn  from  the  foregoing  results  may  be  summarised 

follows  : 
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1.  All  fodder- plants  related  to  sorghum  must  be  used  with  discretion, 
in  either  the  green  or  dried  state,  and  should  not  be  given  in  large 
amounts  to  animals  which  have  fasted  for  some  time. 

2.  Sorghums  should  never  be  used  in  a  very  immature  stage  of 
growth,  but  only  when  the  seed  ears  are  well  developed. 
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Table   IV. — Influence    of  Keeping   and    Drying   an   the    Amount   of 
Hydrocyanic  Acid  contained  in  the  Samples. 


Fresh  sample    -! 

Minced  sample  kept  for  38  hours'! 
ill  an  open  dish  (slightly  fer-  j- 
mented)     J 

•♦ChiWred"  sample  kept  for  40/ 
hours  iu  a  canvas  bag V 

Fresh  sample,  ears  just  formed...-! 

Same  sample,  sun  dried  and  kept) 
for  1  week i. 

Fresh  sample,  ears  well  developed-! 

Same  sample,  sun-dried  and  kept/ 
for  1  week \ 


AVater. 
Per  cent. 


8576 
8300 
83-80 

86-05 
10-40 

74-20 
8-75 


HCN. 
Per  cent. 


HCN. 
Grains  per  lb. 


0-0117 
0082 

0  0082 
0048 

0-0106 
0-066 


0-0028 
0011 
0-0099 
0-012 


0-82 
5-74 

0-58 
S-SG 

0-74 
4-55 


0  0041 

0-28 

0-029 

20S 

0  0242 

1-69 

0-027 

1-89 

0-20 
0-77 
0  69 
0-84 


UeI'AUT.MENT   of   ACJKIOULTUKE 

Brisbane. 


LXXXIll.  — Isomeric  Ckange  in  Benzene  Derivatives.  The 
Conditions  Injiuencing  the  Interchange  of  Halogen 
and  Hydroxy  I  in  Benzenediazonium  Hydroxides. 

By  K.  J.  P.  Okton. 

In  a  recent  paper  (Proc.  Roy.  Soc,  1903,  71,  153 ;  Abstr.,  1903,  84, 
i,  297)  the  writer  has  shown  that  the  «-trichloro-  and  «-tribromo- 
beuzeuediazouium  salts  of  weak  acids,  such  as  the  acetate,  undergo  a 
change  in  aqueous  solution,  which  results  in  the  replacement  of 
halogen  by  hydroxyl  in  an  ortho-position  iu  the  benzene  nucleus  with 
respect  to  the  diazo-group ;  precisely  similar  changes  occur  with  even 
greater  readiness  iu  the  naphthalene  series  (Proc,  1902,  18,  252).  It 
was  suggested  that  this  change  was  in  all  probability  due  to  an 
isomeric  rearrangement  of  the  diazonium  hydroxide  produced  in 
aqueous  solution  by  hydrolytic  dissociation  of  the  salt  of  the  weak 
acid.  The  change  may  be  represented  in  the  following  manner,  in 
the  case  of  the  tribromo-derivative  : 
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Hr 


Bi 


N:NOH  .         N,  N,*Br  N, 

Br  I  Br  Br 

I.  III. 

The  alUTimtive  view  that  the  3 : 5-dibromo  o-<|uinonediazide  • 
(iliazophenol),  III,  is  the  result  of  the  elimination  of  hydrobromio 
(or  hydrochloric)  acid  directly  from  the  diazonium  hydroxide  (I)  or 
from  the  hydrogen  diaxotate,  CgHjBr,*NIN'OH,  is  improbable.f 
Elimination  of  haKogen  from  the  benzene  nucleus  under  such  con- 
ditions is  unknown,  whereas  the  mutual  interchange  of  the  negative 
radicle  of  diazonium  salts  with  the  negative  groups  attached  to 
the  benzene  nucleus  in  the  ortho-  and  para-positions  relatively  to 
the  diaxoradicle  is  a  well-known  phenomenon.  Thus,  Hantzsch  and 
others  (Ber.,  1896,  29,  947;  1897,  30,  2334;  1898,  31,  1253;  and 
1900,  S3,  505)  observed  the  interchange  of  chlorine  for  bromine,  and 
that  of  both  chlorine  and  bromine  for  the  thiocyano-group ;  similar 
rearrangements,  in  which  a  nitro-group  was  replaced  by  hydroxy  I  or 
chlorine,  were  observed  by  Meldola  and  Eyre  (Trans.,  1901,  79,  1077, 
and  1902,  81,  988)  in  the  case  of  the  diazotised  dinitroanisidines.^ 

In  the  author's  previous  paper,  attention  was  drawn  to  the  fact  that 
the  results,  which  he  obtained,  were  at  variance  with  those  of  Hantzsch 
and  Pohl  (Ber.^  1902, 35,  2964),  who  state  that  s-tribromobenzenediazon- 
ium  hydroxide,  when  present  in  solutions  of  the  acetate,  undergoes  a 
series  of  transformations,  finally  yielding  s-tribromophenylnitroso- 
amine,  C^H^Brj'NH'NO.     They  obtained  this  substance  also  from  the 

*  The  author  has  adopted  for  the  so-called  diazopUeuols  the  constitution  suggested 
by  Wolff  (AnKoUiif  1900,  312,  119),  who  regards  this  class  of  compounds  as 
quinonediazidcs,  since  true  diazoanhydrides,  undoubtedly  having  the  linking 
•C*N:N*0*C%  are  colourless.  Recently,  Hantzsch  {Ber.,  1902,  35,  888)  has  also 
expressed  the  opinion  that  the  quinonc  structure  more  correctly  represents  their 
constitution. 

In  the  former  paper,  the  author  used  the  term  "diazoquiuone,"  but  this  name  can 
only  be  strictly  used  for  a  diazo-derivative  of  a  quinone,  0:C«H,(N2):0,  and  not  for 
the  substances  here  considered. 

t  Tbroaghout  this  paper,  the  author  has  used  for  the  salts  Ar*N:N*0&l  the 
nsoal  name,  "diazotates,"  and  has  termed  the  corresponding  acid  "hydrogen  di- 
azotate";  this  acid,  which  might  bo  called  "diazotic  acid,"  lias  been  generally 
known  by  the  name  "diazohydrate."  For  these  compounds,  the  names  "diazo- 
oxides"  and  " diazohydroxides "  have  recently  been  suggested  (Morgan,  British 
At$oeiation  Beport,  1902,  p.  191).  It  is  unfortunate  that  the  appropriate  terms 
**diazoate"  and  "diazoic  acid"  have  been  applied  to  the  nitroamines  'NH'NOg  or 
•NiNO-OU.  a 

X  Analogous  changes  have  been  observed  by  Gaess  and  Ammelburg  {Ber.,  1894, 
27,  2211),  MeldoU  and  Streatfield  (Trans.,  1895,  67,  909),  and  Morgan  (Trans  , 
1902,  81,  1376)  in  the  naphthalene  series. 
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corresponding  hydrogen  diazotate  (diazohydrate),  which,  according  to 
these  authors,  changes  immediately  it  is  set  free  from  its  salts  into 
the  nitrosoamine,  the  hydrogen  atom  migrating  in  the  following 
manner:  C6H2Br3-N:N-OH  ~>  CgHgBra'NH-NO.  A  very  careful 
examination  has  accordingly  been  made  of  the  transformations  under- 
gone both  by  the  diazonium  hydroxide  and  by  the  hydrogen  diazotate ; 
in  the  course  of  this  investigation,  the  experiments  of  Hantzsch  and 
Pohl  have  been  as  far  as  possible  exactly  repeated. 

The  author  has  not  been  able  to  demonstrate  the  formation  of  a 
»-tribromophenvlnitrosoamine.  Potassium*  *-tribromobenzenediazotate 
is  quite  btable  in  the  presence  of  excess  of  alkali ;  the  solution  remains 
colourless  even  on  raising  the  temperature  nearly  to  the  boiling  point,  no 
halogen  being  eliminated.  But  on  reducing  the  alkalinity  either  with 
carbon  dioxide  or  a  mineral  acid,  a  yellow  colour  develops,  the  charac- 
teristic yellow  precipitate  is  formed,  and  bromine  ions  appear  in  the 
solution. 

This  yellow  precipitate  decomposes  at  85°,  and  has  the  solubilities 
in  various  organic  media  ascribed  to  the  phenylnitrosoamine  by 
Hantzsch  and  Pohl.  The  percentage  of  nitrogen  found  in  the  yellow 
precipitate  was  7*6,  whereas  these  authors  record  7*67  per  cent. ;  but 
no  estimation  of  bromine  gave  a  higher  value  than  63  per  cent.,  whilst 
they  give  the  values  67*44  and  67*48. 

It  is  further  stated  that  s-tribromophenylnitrosoamine  hydi-ochloride 
is  obtained  when  hydrogen  chloride  is  passed  into  the  ethereal  solution 
of  this  yellow  precipitate.  No  decomposition  point  or  analysis  of  the 
nitrosoamine  recovered  from  the  hydrochloride  is  recorded.  When 
the  yellow  precipitate  obtained  by  the  author  was  thus  treated,  the 
hydrochloride  of  the  3 : 5-dibromo-o-quinonediazide  (III)  was  alone 
precipitated;  it  yielded  the  diazide  (decomposing  at  140°)  in  an 
analytically  pure  state  on  hydrolysis  with  water.  Moreover,  in  the 
original  yellow  precipitate,  small  crystals  of  the  quinonediazide  are 
often  visible,  although  covered  and  matted  together  with  an  amorphous 
condensation  product  (probably  a  hydroxyazo-derivative).  In  addition, 
the  number  639  was  found  for  the  molecular  weight  of  the  yellow 
powder  determined  cryoscopically  in  benzene  solution ;  if  the  phenyl- 
nitrosoamine has  a  normal  molecular  weight  in  benzene,  the  value 
observed  should  have  approximated  to  the  number  359.  The  amor- 
phous,  yellow  condensation  product  left  after  the  quinonediazide  is 
removed  from  the  yellow  precipitate  (see  experimental  part)  has  a 
molecular  weight  of  more  than  900,  and  therefore  contains  three 
benzeneazo-complexes.  A  mixture  of  the  quinonediazide  and  the 
condensation  product  in  certain  proportions  (about  50  per  cent  of  each) 
would  have  the  molecular  weight  which  was  actually  observed. 

It  appears,  therefore,  that  the  material  described  by  Hanttsch  and 
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Pohl  M  '*«-tribromophenyInitro8oainiDe/'  however  prepared,  is  in  fact 
a  mixture  of  a  trimolecular  condonsatioD  product  with  3  : 5-dibromo-o- 
quiDonodiaziilo  (3 : 5-dibromo-o-diasopheDoI). 

li  .11  to  fully  dctioe  the  cuuditions  under  which  the  replacement 
of  ii.iio^Mi  by  hydroxyl  takes  place,  the  influence  of  other  groups, 
notably  the  nitto-  and  the  methyl  groups,  has  been  studied.  The  in- 
vestigation, which  has  been  extended  in  addition  to  dihalogendiazo- 
benzeoe  compounds,  has  brought  out  some  striking  differences.  With 
a  nitrogroup  in  the  meta-position, as,  for  example,  in  2  :  4  :  6-tribromo- 
3-nitrobenzenediazonium  acetate,  the  exchange  of  bromine  for  hydroxyl 
>  very  rapid  indeed,  resembling  in  this  respect  the  halogen-naphthalene 
diazonium  compounds  (Proc.,  1902,  18,  252);  moreover,  in  this  case  a 
mixture  of  dibromonitroquinonediazides  is  formed,  not  only  the  ortho-, 
but  also  the  para-bromine  atom  being  replaced  by  hydroxyl.  From 
this  diazonium  compound  little,  if  any,  of  the  condensation  product  is 
formed,  a  f.ict  which  supports  the  view  that  the  latter  is  a  complex 
hydroxyazo-compound.  When  a  bromine  atom  is  in  the  meta-position 
as  in  2:3:4: 6-tetrabromobenzenediazonium  acetate,  the  isomeric 
change  is  also  more  rapid  than  in  the  case  of  the  «-trihalogen 
derivatives. 

Most  surprising  is  the  fact  that  3  : 5-dibromo-p-toluenediazonium 
acetate  does  not  lose  bromine ;  although  the  diazonium  compound  de- 
composes apparently  in  the  usual  manner,  no  bromine  appears  in  the 
solution.  The  influence  of  the  methyl  group  will  be  more  fully  in- 
vestigated when  substituted  aromatic  monoamines  of  appropriate 
constitution  are  available. 

When  only  two  of  the  positions  2,  4,  and  6  are  occupied  by  halogen, 
very  different  degrees  in  the  readiness  of  replacement  of  halogen  by 
hydroxyl  are  observed,  according  as  the  two  halogen  atoms  are  in  the 
positions  2  and  6  with  respect  to  the  diazonium  radicle,  or  in  the 
positions  2  and  4.  In  the  former  case,  bromine  is  slowly  eliminated 
from  the  diazonium  acetate,  but  in  the  latter  the  change  is  scarcely 
appreciable,  although  there  is  no  doubt  that  it  occurs.  If,  however,  a 
nitro-group  in  the  meta-position  is  also  present,  for  example,  in  2  :  4-di- 
bromo-5  nitrobenzenediazonium  acetate, 

N,-OAc 

Br 


Br 

bromine  is  rapidly  eliminated.      Although  halogen  is  set  free  very 
slowly  from  2  : 4-dichlorobenzenediazonium  acetate,  a  far  more  rapid 
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interchange  takes  place  when  carbon  dioxide  is  passed  into  an  alkaline 

solution   of    the  diazotate  until  it   is    no    longer  alkaline   to  phenol- 

phthalein,    but    still    has    this   reaction    to    litmus ;    about    30   per 

cent,  of  the  amount  of  chlorine  required  for  the  elimination  of  one 

atomic  proportion  is  found  as  chloride  in  the  solution,  a  very  similar 

result  being  obtained  when  sodium  bicarbonate  is  added  to  a  solution 

of  the  hydrogen  sulphate. 

The    following   list,    which    shows   the    percentage  of    one   atomic 

proportion    of    halogen   eliminated    from   the    diazonium    acetate   in 

20 — 24  hours  at  the  ordinary  temperature,  summarises  the   results 

obtained  with  different  halogen-benzene  and  halogen-naphthalene-diazo- 

compounds.     In  all  cases  3  molecular  proportions  of  sodium  acetate 

were  added  to  one  molecular  proportion  of  the  diazonium  hydrogen 

sulphate,  in  order  that  free  mineral   acid  should   be  absent  from  the 

solution,  even  if  one  atomic  proportion  of  bromine  was  eliminated  as 

hydrogen  bromide  : 

Percentage  of  one  atomic  pro- 
portion of  halogen  set  free  as 
Diazo-compoiiud.  chloride  or  brom^e. 

2:4:  6-Tribromo-diazobenzene 64 

2 : 4  : 6-Trichloro-  „  6iJ 

2:4  :  6-Tribromo-3-nitrodiazobenzene   93 

2:3:4:  6-Tetrabromodiazobenzene 74 

2  : 6-Dibromo-diazobenzene  24 

2  : 4-Dichloro-  „  trace 

2  :  4-Dibromo-5-nitrodiazobenzene    80 

l-Chloro-2-diazonaphthalene 76 

2  :  4-Dibromo-l-diazonaphthalene    97 

The  results  of  the  experiments  described  here  and  in  the  previous 
papers,  lead  to  an  extension  of  the  views  formerly  expressed. 

These  reactions  seem  in  the  author's  opinion,  to  be  nearly  related 
to  the  changes  which  are  frequently  called  "  isomeric  "  or  less  correctly 
**  intramolecular."  Recent  experimental  evidence  as  to  the  mechanism 
of  such  changes,  is  all  in  favour  of  the  view  that  most  of  these  trans- 
formations either  do  not  take  place  of  themselves  or  occur  only 
very  slowly.  The  presence  of  some  third  substance,  the  catalyst, 
the  amount  of  which  may  in  many  cases  be  minute — an  idea  for 
which  chemistry  is  indebted  to  Armstrong — is  necessary,  at  least, 
to  produce  an  appreciable  rate  of  change.  Nevertheless,  many  in- 
stances have  been  recorded  which  apparently  prove  that  mere  solution 
in  certain  solvents — solvents  such  as  alcohol,  but  not  benzene  or 
chloroform — is  favourable  to  (that  is,  hastens)  the  change,  even  when 
no  other  substance  is  present.  The  interchange  of  hydroxyl  and 
bromine,  considered  in  this  paper,   appears   to   belong   to   the   same 
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cmiegory.  The  trihalogenbenxoDediasoDium  hydroxide,  and  the  cor- 
reeponding  hydrogen  duiBoUte  *  would  probably  be  relatively  stable 
if  they  could  be  fixed  in  the  solid  state  ;  but  when  dissolved  in  water, 
they  are  placed  under  conditions  favourable  to  ionisation  and  con- 
>equ6ntly  to  separation  of  the  complex  (diajconium  hydroxide,  or 
liydrogen  diaxotate),  C^HjXj'Nj'OH,  into  the  radicles  (C^HjXj-N,)- 
and  (OH)',  which  may  now  reunite  in  several  ways.  The  original 
diajsouium  hydroxide,  CjHjX,*N(OH):N,  or  the  hydrogen  diazotate, 
CgHpC,*NIN*OH,  may  be  regenerated ;  or,  on  the  other  hand,  the 
ortho*  or  para-quinoid  complexes, 


N,  N, 


X  x,^^" 


X 


or 


i>« 


X      OH 


may   result   when   the    change    of    the    linkings    in    the    complex, 
(CjHjXj'Nj),   involves    the   benzene   nucleus. j-      If  negative  groups 

*  There  b  evidence  (Hantzsch)  that  aqueous  solutions  of  the  diazonium  hydroxides 
always  contain  the  hydrogen  diazotate  (diazohydrAtc).  The  diazotates  exist  in  two 
forms,  the  labile  normal  or  9y/t-diazolate,  and  the  stable  i$o-  or  an/i-diazotate.  These 
two  forms  are,  according  to  Hantzsch,  stcreoisomeric,  and  according  to  Bamberger, 
structural  isomerides.  In  this  paper,  only  the  behaviour  of  the  twdiazotates  is  con- 
sidered ;  both  the  authorities  quoted  agree  in  assigning  the  formula  Ar*N:N*OM 
to  these  salts.  The  existence  of  the  free  acid,  corresponding  with  these  salts  is  still 
doubtful  (compare  Hantzsch  and  Pohl,  loc.  cit.),  as  when  set  free  from  its  salts,  it  is 
transformed  into  an  isomeric  neutral  substance  which  is  probably  the  nitrosoamiue, 
Ar'NH'NO.  Compare  Hantzsch's  "  Diazo-Verbindungen  "  and  Morgan's  Report 
to  the  British  Association,  1902,  "Our  present  Knowledge  of  the  Aromatic  Diazo- 
compounds." 

t  There  is  a  strong  and  increasing  weight  of  evidence  in  favour  of  the  view  that 
in  isomeric  rearrangements  of  this  type  the  benzene  nucleus  transiently  assumes  a 
quinoid  linking.  In  his  recent  observations  on  the  changes  of  7/t-xylylhydroxyl- 
amine,  in  which  th-)  hydroxyl  group  becomes  attached  to  the  para-carbon  atom, 
Bamberger  {Ber.^  1902,  35,  3886)  succeeded  in  isolating  the  first  stage  of  the  trans- 

HO     Me 
\/' 
/\ 
ormation,  the  ^-quinoliminc,       li      |.r^' 

NH 

Compare  also  in  this  connection  Lapworth  (Trans.,  1901,  79,  1265)  and  Lapworth 
and  Hann  (Trans.,  1902,  81,  1508),  who  in  their  account  of  desmotropic  change 
have  clearly  defined  the  prob^le  changes  taking  place  in  the  ionised  organic  complex 
and  have  demonstrated  their  effect  on  the  velocity  of  the  isomeric  rearrangement. 

Recently,  Hantzsch  has  recorded  hb  opinion  that  the  transformation  of  diazo- 
hydrates  into  nitrosoamines  is  hastened,  if  not  exclusively  brought  about,  by  the 
ionic  dissociation  of  the  former. 
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occupy  the  ortho-  or  para-positions,  there  is  a  possibility  of  these 
appearing  in  the  solution  (as  ions),  the  hydroxyl  group  remaining 
attached  to  the  benzene  nucleus.  If  this  is  the  course  of  the  change, 
the  necessary  condition  for  the  occurrence  of  the  reaction  is  the 
simultaneous  presence  in  the  solution  of  the  groups  (CgHgXg'Ng)*  and 
(OH)'. 

The  experimpntal  results  fully  accord  wiih  this  view  ;  only  the  diazon 
ium  salts  of  weak  acids  change  at  an  appreciable  rate,  that  is,  when  the 
diazonium  hydroxide  formed  by  hydrolytic  dissociation  is  present  in 
the  solution ;  the  more  developed  the  basic  cliaracter  of  the  diazonium 
hydroxide,  the  less  readily  does  the  isomeric  change  proceed  ;  thus 
2  :  4-dichlorobenzenediazonium  acetate  has  scarcely  decomposed  in  this 
manner  after  several  days,  whereas  2  : 4-dibromo-5-nitrobenzene- 
diazonium  acetate  rapidly  loses  bromine.  In  the  presence  of 
alkali  (that  is,  of  hydroxyl  ions)  the  diazotates,  which  form  the  ions 
(CgH2X3'N2*0)'  and  M*,  are  quite  stable ;  only  after  the  hydrogen 
diazotate,  CgHgXg'Ng'OH,  is  produced  by  hydrolytic  dissociation,  on 
decreasing  the  concentration  of  the  alkali  hydroxide,  does  the  presence 
of  the  group  (CgHgXg'Ng)  become  possible,  and  consequently  the  hydr- 
oxyl radicle  takes  the  place  of  the  ortho-bromine  atom. 

These  experiments  throw  light  on  another  point.  The  diazo-deriv- 
atives  of  the  highly  substituted  chloro-  and  bromo-anilines  are 
exceedingly  prone  to  the  characteristic  diazo-decomposition,  in  which 
the  atom  or  group  attached  to  the  diazo- radicle  takes  the  place  of  this 
group — a  decomposition  which  Hantzsch  maintains  is  peculiar  to  the 
«?/w-diazo-compounds.  Nevertheless,  it  has  been  noted  by  more  than 
one  observer  that  «-tribromophenol  cannot  be  obtained  by  heating 
aqueous  solutions  of  5-tribromobenzenediazonium  salts.  On  warming 
an  aqueous  solution  of  the  hydrogen  sulphate  of  this  base,  it  was 
observed  that  a  yellow  colour  developed  in  a  few  minutes ;  after  four 
hours  at  80°,  the  bromide  in  the  solution  was  estimated,  and  it  was 
found  that  76  per  cent,  of  one  atomic  proportion  of  bromine  had  been 
eliminated.  The  presence  of  the  quinonediazide  in  the  yellow  liquid 
was  demonstrated  by  conversion  into  its  hydroxyazo-condensation  pro- 
duct with  )S-naphthol  (see  experimental  part).  It  is  therefore  not 
surprising  that  8-tribromophenol  has  not  been  prepared  from  «-tri- 
bromobenzenediazonium  salts. 

Warming  of  the  aqueous  solutions  of  halogenbenzenediazonium  salts 
of  mineral  acids,  in  so  far  as  these  salts  have  up  to  the  present  been 
investigated,  is  always  followed  by  a  more  or  less  extensive  replacement 
of  halogen  by  hydroxyl. 
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KXPKK  I  M  t    N  I  AL. 

fUplaemnmU  qf  ffalog€n  by  Hydrooeyi  in  th$  cote  of  B-Tribromobenzme- 
diazanium  Sails  of  Weak  Acidt. 

BeAaviour  of  tht  Acetate  and  Bicarbonate. — The  experiments  on  tlie 
transformation  undergone  by  Mribromobenzenediazonium  acetate  and 
bicirboaate,  an  account  of  which  has  previously  been  given,  have  been 
repeated  with  the  object  of  checking  more  minutely  Hantzsch  and 
Pohl's  observations.  The  copious  yellow  precipitate,  melting  and 
decomposing  at  85 — 90°,  which  is  obtained  when  a  solution  of  the 
acetate,  whether  dilute  or  concentrated,  is  kept  for  24  hours,  was 
thought  by  these  authors  to  be  «-tribromophenylnitrosoamine,  but 
when  minutely  examined  is  seen  not  to  be  homogeneous,  but  to  consist 
of  long,  orange  needles  covered  and  matted  together  with  a  yellow,  amor- 
phous powder.  The  quinonediazide  (diazophenol)  can  be  extracted,  not 
only  by  shaking  the  precipitate  with  water  (he,  cU.)y  but  also  by  treating 
it  with  hydrogen  chloride  in  ethereal  solution  in  the  manner  described 
by  Hantzsch  and  Pohl,  when  the  hydrochloride  of  the  diazophenol  (not 
the  nitrosoamine  as  stated  by  these  authors)  separates  in  nearly 
colourless  needles ;  these  slowly  lose  hydrogen  chloride  when  kept  in 
a  desiccator,  and  immediately  on  moistening  with  water.  The  diazo- 
phenol, when  obtained  in  this  manner  from  the  yellow  precipitate, 
crystallises  from  ether  in  prisms,  melts  and  decomposes  at  140°,  the 
temperature  of  decomposition  depending  considerably  on  the  rate  of 
heating ;  if  the  substance  is  slowly  heated,  it  will  often  decompose  at 
as  low  a  temperature  as  132°.  A  specimen  which  was  prepared  by 
precipitating  the  hydrochloride  from  the  ethereal  solution  of  the  original 
yellow  precipitate,  and  which  should  be  identical  with  Hantzsch  and 
Pohl's  "  «-tribromophenylnitrosoamine,"  gave  the  following  numbers 
on  analysis  : 

0124  gave  0-1672  AgBr.     Br  =  57-4. 

CgHgONgBrg  requires  Br  =  57'53  per  cent. 
CgHjBrg-NH-NO        „        Br  =  67-96       „ 

Coupling  of  the  Quinonediazide  with  p-Naphtliol. — The  quinonedi- 
azides  (diazophenols)  couple  very  readily  with  alkaline  /S-naphthol, 
giving  intensely-coloured  solutions.  From  the  o-quinonediazides, 
o-dihydroxyazo-compounds  are  formed,  the  first  examples  of  which 
class  of  substances  were  recently  prepared  by  Meldola  and  Eyre  {loc. 
cit.).  Although  both  hydroxy  1  groups  are  in  the  ortho-position 
relatively  to  the  azo-group,  these  compounds  are  readily  soluble  in 
dilute  aqueous  alkalis,  and  yield  solutions  the  colour  of  which  depends 
on  the  amount  of  sodium  hydroxide  present. 
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When  there  is  excess  of  alkali,  the  colour  is  deep  red,  but  if  the 
alkali  is  cautiously  neutralised,  the  solution  assumes  a  very  intense 
magenta  or  violet ;  on  further  addition  of  acid,  the  colouring  matter 
is  precipitated.  This  remarkable  behaviour  constitutes  an  extremely 
delicate  test  for  the  presence  of  traces  of  quinonediazides  in  aqueous 
solution.  Further,  the  solubility  in  aqueous  alkalis  of  their  com- 
pounds with  /3-naphthol  affords  an  easy  method  of  separating  these 
dihydroxyazo-derivatives  from  the  ordinary  azo-)3-naphthols,  which  are 
insoluble  in  this  solution.  In  this  investigation,  this  method  has  been 
repeatedly  employed  in  order  to  separate  small  quantities  of  quinone- 
diazides from  the  halogenbenzenediazo-compounds,  from  which  they 
have  been  produced  by  the  replacement  of  halogen  by  hydroxyl. 

3:5-Dibromophenol-2'azo-p-naphtholf        ||       |  >  can  be 

\^ 
Br 

prepared  by  adding  a  very  dilute  aqueous  solution  of  the  3  : 5-dibromo- 
o-quinonediazide,  obtained  by  pouring  its  solution  in  acetone  into  a 
large  quantity  of  water,  to  an  alkaline  solution  of  yS-naphthol.  The 
colouring  matter  is  precipitated  on  acidifying  the  deep  red  alkaline 
solution,  and  is  crystallised  from  acetic  acid  containing  acetic  anhydr- 
ide, whence  it  separates  in  lustrous,  copper-coloured  plates  melting  at 
214 — 215°,  which,  when  very  small,  are  red  by  reflected,  and  orange 
by  transmitted  light : 


01542  gave  013G7  AgBr.     Br=  37-72. 

CigH^oOgNgBr.^  requires  Br  =  37- 


91  per  cent. 

Fropertiea  of  the  Yellow  Amorphous  Fowder. — The  yellow  amorphous 
powder,  which  is  precipitated  together  with  the  quinonediazide,  is  best 
prepared  by  treating  an  aqueous  solution  of  the  diazo^ium  hydrogen 
sulphate  with  sodium  bicarbonate.  To  a  dilute  solution  of  the  sul- 
phate (1  mol.),  a  10  per  cent,  solution  of  sodium  bicarbonate  (2J  mols.) 
is  slowly  added,  and  the  mixture  kept  for  24  hours,  during  which 
period  the  amount  of  the  precipitate  gradually  increases.  Thequinone- 
diazide,  which  is  contained  in  this  precipitate  and  can  be  isolated  in 
the  manner  described  above,  amounts  to  25  per  cent,  of  the  yellow 
solid.  In  order  to  obtain  the  other  75  per  cent,  of  the  yellow  solid 
free  from  the  quiuonediazide,  it  is  useless  to  evaporate  the  ethereal  or 
benzene  Eolution  after  the  separation  of  the  quinonediazide  hydro- 
chloride, as  only  a  gum  is  left.  The  quinonediazide  can,  however,  be 
extracted  from  the  yellow  precipitate  by  cold  alcohol  ;  during  this 
process,  nitrogen  is  evolved,  and  it  is  probable  that  the  amorphous 
substance  is  materially  changed,  as  the  decomposition  point  rises,  the 


couLiuuod.     The  yellow  powder 
150^,  but   prolonged   treatment 
ilcohol  raised  the  temperature  of  this  decomposition  to  185 — 190^. 
1  Viooe  is  insoluble  in  alcohol  and  acetic  acid,  partially  soluble 

iu  .ud  completely  soluble  in  cold  benzene,  from  which  it  is  re- 

precipitated  by  petroleum.  On  analysis,  it  was  found  to  contain  7  5  per 
cent,  of  nitrogen,  and  61  per  cent,  of  bromine.  Cryoscopic  determina- 
tions of  the  molecular  weight  in  benzene  gave  numbers  varying  from 
900  to  920.  On  attempting  to  reduce  this  material  with  stannous 
chloride  in  the  presence  of  acetone,  much  tar  was  formed,  and  a  very 
small  quantity  of  a  substance,  which  appeared  to  be  3  : 5-dibromo-o- 
aminophenol,  was  isolated  from  the  solution ;  this  product  melted  at 
lii°,  and  formed  an  insoluble  hydrochloride  (compare  Bamberger  and 
Kraus,  VierU/jahrtachri/t  der  Naturf orach.  Gesell.,  ZUrich,  1899,  44, 
257).  All  these  facts  point  to  the  substance  being  a  trimolecular 
hydroxyaso-condensation  product  of  the  quinooediazide,  partly  with 
iieelf,  and  partly  with  unchanged  «tribromodiazobenzene ;  but  the 
exact  nature  of  the  substance  cannot  be  regarded  as  settled. 

JSxeharufa  qf  Halogen  for  Uydroxyl  in  the  Diazonium  Nitrites  and 
Cyanides. — The  nitrite  and  cyanide  of  «-tribromodiazobenzene  are  of 
special  interest  because  in  certain  circumstances,  namely,  in  the 
presence  of  cuprous  oxide  or  reduced  copper,  they  both  decompose  in 
a  characteristic  manner,  the  nitro-  or  cyano-radicle  taking  the  place 
of  the  diazo-group.  Further,  as  Hantzsch  has  shown  that  although 
diazonium  cyanides  in  the  solid  form  exist  in  rare  instances,  for 
example,  p-anisolediazonium  cyanide,  the  usual  form  is  a  diazocyanide, 
Ar*NIN*CN,  which  exists  in  two  modifications,  a  labile  «yn-form,  the 
first  product  of  the  action  of  potassium  cyanide  on  a  diazonium  salt, 
and  a  stable  arUi-form,  into  which  the  labile  variety  more  or  less 
readily  passes.*  Moreover,  Hantzsch  has  prepared  the  8yn-tribromo- 
benzenediazocyanide,  and  has  described  it  as  peculiarly  stable. 

On  mixing  dilute  aqueous  solutions  of  «-tribromobenzenediazonium 
hydrogen  sulphate  and  potassium  cyanide  in  such  proportions  that  the 
liquid  remained  acid  in  reaction,  and  then  keeping  the  mixture  for 
four  hours  at  10°,  a  buff-coloured  precipitate  rapidly  separated,  leaving 
a  turbid  liquid.  This  precipitate  contained  no  ^-tribromophenyl  cyanide. 
Silver  nitrate  was  added  after  acidifying  the  filtrate  from  the  solid 

*  According  to  Hantzsch,  the  syn-  and  an^t-lorms  are  stereoisomeric, 

Ar-N  ArN 

II         and  11 

(CN)N  N(CN)* 

So  far  as  the  author  Is  aware,  there  are  no  facts  which  militate  against  these  sub- 
stances being  structurally  isomeric  in  the  sense  that  in  the  one  compound,  the 
*•  ^yn^*'  the  diazo-group  is  linked  to  the  nitrogen  of  the  cyano-gronp,  Ar'N:N*NC ; 
in  the  other,  the  **aiUi,"  to  the  carbon,  Ar*N:N*CN. 

VOL.    LXXXIII.  3   H 
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with  nitric  acid  and  the  precipitate  which  separated  was  shown  to  be 
silver  bromide  by  estimating  the  silver  in  a  given  weight  by  reduction 
in  hydrogen.  The  weight  of  silver  bromide  showed  that  66  per  cent, 
of  one  atomic  proportion  of  bromine  had  been  eliminated.  The  pre- 
sence of  the  quinonediazide  was  demonstrated  in  the  solution  by 
coupling  with  )8-naphthol  in  the  usual  manner. 

The  products  of  the  interaction  of  «-tribromobenzenediazonium 
hydrogen  sulphate  and  potassium  nitrite  varied  according  to  the  con- 
ditions, being  more  especially  dependent  on  the  relative  amounts  of 
the  two  reagents.  In  all  cases,  bromine  ions  appeared  in  the  solution. 
When  a  very  large  excess  of  potassium  nitrite  w.is  used  (20  mols.  to 
1  mol.)  in  extremely  dilute  solution,  the  liquid  becomes  yellow  and  a 
nearly  white  precipitate  separates  in  small  amount ;  82 — 86  per  cent, 
of  one  atomic  proportion  of  bromine  appears  in  the  ionic  condition  ; 
the  yellow  liquid  was  shown  to  contain  the  quiuonediazide.  The 
white  solid  consisted  mainly  of  2:4:  6-tribromo-l-nitrobenzene,  which 
was  obtained  in  a  pure  state  by  distilling  the  material  in  steam,  and 
then  recrystallising  the  product  from  alcohol,  whence  it  separated  in 
colourless  prisms  melting  at  125°.  It  was  identical  in  all  respects 
with  a  specimen  prepared  from  2:4:  6-tribromo-3-nitroaniline  in  the 
usual  manner  by  eliminating  the  amino-group  (Kbrner,  Jahresbei'tchiy 
1875,  313). 

01536  gave  0239  AgBr.     Br  =  66-21. 

CgHgO.^NBra  requires  Br=  66*53  per  cent. 

So  far  as  the  author  is  aware,  the  replacement  of  the  diazo-  by  the 
nitro-group  in  the  absence  of  the  catalytic  accelerating  inBuence 
of  cuprous  oxide  (Sandmeyer,  J5er.,  1884,  17,  1633)  has  not  hitherto 
been  observed. 


Rejilacement   of  Halogen   by   llydroxyl   in   the   case   qf  Alkali 
6-2Vibromobenzenediazotaies. 

Preparation  of  Potassium  B-Trifuilogenhenzenediazotates. — Hantssch 
and  Pohl  prepared  solid  potassium  «-tribromobenzenediazotated  by 
adding  a  5  per  cent,  solution  of  the  nitrate  to  50  per  cent,  potassium 
hydroxide.  The  author  has  found  that  this  and  similar  salts  can  be 
prepared  in  well-defined  crystals  by  adding  one  gram  of  the  diazonium 
nitrate  dissolved  in  20  c.c.  of  water  to  a  solution  of  25  grams  of 
potassium  hydroxide  in  25  o.c.  of  water  at  —5°,  and  then  introducing 
a  cooled  solution  of  25  grams  of  potassium  hydroxide  dissolved  in 
20  c.c.  of  water,  whereupon  the  diazotate  crystallises  out  in  needles 
wliich  are  fairly  stable  in  air  or  aqueous  solution  in  the  absence  of 
carbon  dioxide.  As  Hantzsch  has  pointed  out,  only  one  form  of  diazotate 
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appears    to  be  obtaiuAble    from    theee   trihAlogeDbenMnedi&ionium 
mIU. 

Foim§iium  94rieUarobm»m§dia90i(U$,  when  prepared  in  this 
manner,  collected  on  an  asbestos  filter,  and  washed  with  cold  alcohol, 
gare  the  following  numbers  on  analysis : 

0-2315  gave  0-0781  K^^.     K  - 1512. 

CjH,ON,Cl,K  requires  K«  14*8  per  cent. 

In  preparing  solutions  of  diazotates,  certain  precautions  are 
necessary  in  order  to  avoid  the  elimination  of  halogen  ;  whenever  the 
resulting  soKition  has  a  yellow  colour,  it  is  a  sure  indication  that 
halogen  has  been  eliminated  and  the  yellow  diazophenol  produced. 
Thus,  a  2  per  cent,  solution  of  a  diazonium  hydrogen  sulphate  cannot 
be  added  to  an  equal  volume  of  10  per  cent,  sodium  hydroxide  with 
the  certainty  that  uo  halogen  will  be  oliminated.  It  is  best  to  use  a 
1  per  cent,  solution  of  the  diazonium  salt,  and  half  its  volume  of  a 
10  per  cent,  solution  of  sodium  or  potassium  hydroxide.  Bamberger 
and  Kraus  (loc.  cit.)  have  observed  the  elimination  of  halogen  when 
no  excess  of  alkali  has  been  used. 

Coupling  of  B-Trihalogenbenzenediazo-conipoufids  toith  Fhenols. — It 
is  obvious  from  the  foregoing  that  special  care  has  to  be  exercii^ed  in 
the  coupling  of  this  type  of  diazo-com pounds  with  phenols  and 
naphtbols  ;  for  example,  Hewitt  and  Aston  (Trans.,  1900,  77,  810) 
found  difficulty  in  preparing  a  pure  hydroxyazo-com pound  from 
«-tribromobenzenediazoDium  sulphate  and  phenol.*  A  quantitative 
yield  of  the  pure  hydroxyazo-derivatives  can  be  obtained  by  the 
following  process.  A  solution  of  the  diazotate  is  prepared  in  the 
manner  just  described,  and  then  added  to  a  slight  excess  of  the  phenol 
or  naphthol  dissolved  in  the  minimum  quantity  of  10  per  cent, 
solution  of  sodium  hydroxide.  As  in  all  probability  the  coupling 
takes  place  between  the  free  hydrogen  diazotate  formed  by  hydro^ 
lytic  dissociation,  and  the  phenol,  it  is  now  advisable  to  reduce  the 
alkalinity;*  accordingly  a  10  per  cent,  solution  of  sodium  bicar- 
bonate is  gradually  added  in  sufficient  quantity  to  nearly  convert  the 
whole  of  the  sodium  hydroxide  into  carbonate.  In  the  case  of 
)3-naphthol,  the  whole  of  the  diazo-com  pound  rapidly  separates  in 
combination  with  the  naphthol. 

*  Gold«chmidt  {Ber.,  1895,  28,  2020)  first  drew  attention  to  the  fact  that  coup* 
mg  of  a  diaxotate  aad  a  phenol  took  place  betaeen  the  hydrogen  diazotate 
formed  by  hydrolytic  dinocialion  and  the  phenol.  The  great  differences  in 
the  readiaeas  with  which  diff«ent  diarotates  conple  is,  therefore,  to  be  referred 
to  differences  in  the  degree  to  which  they  are  hydrolytically  dissociated.  Aa  is  well 
known,  this  is  one  of  the  great  differences  between  the  normal  and  ifo^diazotatea, 
the  former  coupling  far  more  rapidly  than  the  latter,  a  fact  which  waa  pointed  oat 
originally  by  Goldschmidt. 

3  u  2 
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a-Tribromobenzeneazo-P-naphthol,  prepared  in  this  manner,  crystallises 
in  lustrous,  scarlet  needles  from  glacial  acetic  acid  containing  acetic 
anhydride,    and    melts   at    173 — 174°;     it    is    insoluble    in    aqueous 
10  per   cent,    sodium    hydroxide,   but    dissolves  readily  in   alcoholic 
alkali  with  a  bright  red  coloration  : 


01316  gave  0*1524  AgBr.     Br  =  49*3. 
CigHgONgBrg  requires  Br  = 


49*49  per  cent. 


affect  of  Adding  a  Mineral  Acid  to  an  Alkaline  Solution  of  the 
Diazotate. — The  excess  of  alkalinity  of  an  alkaline  solution  of 
sodium  8-tribromobenzenediazotate  was  removed  by  adding  4  per 
cent,  nitric  acid  to  the  liquid,  which  was  cooled  to  0°  and  thoroughly 
agitated.  In  order  to  completely  neutralise  the  mixture,  0*6  per  cent, 
nitric  acid  was  finally  used.  Following  the  addition  of  each  drop  of 
nitric  acid,  a  white  cloud  was  formed,  which  immediately  disappeared 
on  shaking  the  vessel ;  this  white  cloud  was  observed  by  Hantzsch  and 
Pohl  {loc.  cit.)  and  thought  by  them  to  be  the  hydrogen  diazotate 
CgHg^^'s*^*^*^^*  ^8  *'h®  mixture  approached  neutrality,  the  liquid 
became  yellow,  and  gradually  a  yellow,  amorphous  precipitate 
separated.  Finally,  the  liquid  became  neutral  to  litmus  and  remained 
neutral  during  the  further  addition  of  a  considerable  quantity  of 
nitric  acid.  Daring  this  period,  the  separation  of  the  yellow  precipi- 
tate rapidly  increased  :  74  per  cent,  of  one  atomic  proportion  of 
bromine  was  found  in  the  ionic  condition.  The  yellow  precipitate 
which, according  toHantzsch  and  Pohl  is  «-tribromophenylnitrosoamine, 
decomposed  at  85 — 90°.  When  treated  with  ether,  a  small  residue 
was  left  undissolved,  and  from  the  ethereal  solution  hydrogen 
chloride  precipitated  the  hydrochloride  of  the  quiuonediazide  ;  the 
major  portion  of  this  substance  was  dissolved  in  the  large  bulk  of  water 
used,  and  could  be  recognised  therein  by  coupling  with  /3-naphthol. 

Effect  of  jHMBiny  Carbon  Dioxide  into  the  Alkaline  SoltUion  qf  the 
Diazotate. — An  alkaline  solution  of  the  sodium  diazotate  was 
partially  neutralised  by  sodium  bicarbonate  and  then  treated  with 
carbon  dioxide  at  0°,  A  yellow  colour  soon  appeared,  and  a  yellow 
precipitate  quickly  separated.  On  careful  examination,  the  yellow 
precipitate  was  found  to  consist  of  small,  bright  orange  needles  inter' 
spersed  among  a  bulky  amorphous  solid.  This  mixture  melted  and 
decomposed  at  85 — 90°;  hydrogen  chloride,  when  passed  into  its 
ethereal  solution,  caused  the  hydrochloride  of  the  quinonediaside  to 
separate.  In  the  yellow  solution,  the  quiuonediazide  could  be  re- 
cognised in  the  usual  manner  by  means  of  its  ^-naphthol  derivative. 
The  bromide  in  the  solution  represented  82  per  cent,  of  one  atomic 
proportion  of  bromine.  Hantzsch  and  Pohl  state  that,  in  this  case  also, 
the  yellow  precipitate  is  «>tribromophenylnitro6oamine. 
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Helton  q/*  Sodium  XttriU  on  B-Tnhalogenanilines  in  Acetic  A  aid 
>WWt<m.— AfeldoU  And  Eyre  (Trans.,  1902,  81,  988)  found  that  on 
treating  dinitro/>-ani8idine  dissolved  in  acetic  acid  with  sodium  nitrite, 
a  nitKvgroup  was  displaced  by  hjdroxyl;  the  o-quinonediazide  thus 
formed  wa«  isolated  as  its  condensation  product  with  )8-naphthoI. 
In  order  to  ascertain  the  behaviour  of  the  « trihalogenanilines  under 
these  conditions,  0*5  gram  of  «tribromoaniline  was  suspended  in  25  c.c. 
of  glacial  acetic  acid,  and  potassium  nitrite  added  in  slight  ezceea, 
whereupon  all  the  solid  slowly  dissolved.  On  pouring  the  solution 
into  115  c.&  of  water,  a  small  amount  of  a  yellow  solid  separated, 
which  was  dissolved  in  ether  and  treated  thei^in  with  hydrogen 
chloride ;  the  hydrochloride  of  the  dibromoquinonediazide  was  pre^ 
cipitated  in  needles,  and  gave  on  treatment  with  water  the  quinone< 
diaside  melting  and  decomposing  at  187°.  In  the  filtrate  from  the 
yellow  solid,  which  was  also  of  a  yellow  colour,  the  bromide  was 
estimated,  40  per  cent,  of  one  atomic  proportion  of  bromine  being 
found. 

In  a  second  experiment,  the  acetic  acid  solution  of  the  diazotised 
«-tribromoaniline,  is  poured  into  a  solution  of  j?-naphthol,  dissolved  in 
sufficient  10  per  cent,  solution  of  sodium  hydroxide  to  insure  an 
alkaline  reaction  after  the  addition  of  the  acetic  acid.  A  very  dark 
red  precipitate  is  immediately  formed,  which  consists  of  a  mixture  of 
the  soilium  salt  of  the  ^^-naphthol  derivative  of  the  quinonediazide  and 
the  ^-naphthol  derivative  of  «-tribromodiazobenzene ;  a  certain  amount 
of  the  former  compound  also  remains  dissolved  in  the  alkali,  and  can 
be  precipitated  by  adding  acid.  The  two  hydroxyazo-derivatives  in 
the  precipitate  are  best  separated  by  dissolving  the  mixture  in  alcoholic 
sodium  hydroxide,  care  being  taken  to  avoid  excess  of  alkali,  which 
causes  the  precipitation  of  the  sodium  derivatives.  The  solution  is 
now  poured  into  water,  whereupon  «tribromobenzenediazo-^-naphthol 
separates,  the  quinonediazide  derivative  remaining  in  solution.  The 
proportion  of  the  hydroxyazo  derivatives  was  approximately  that 
indicated  by  the  amount  of  ionic  bromine  found  in  the  solution. 

Influence  of  a  Radicle  in  the  met&- Position  relatively  to  the  Diazo-group 
on  the  Replacement  of  Halogen  hy  Hydroxyl. 

2:4:  QTribromo-S-nitrobenzenediazonium  hydrogen  sulpfiate, 
CjHBr3(N02)-N(HSO,):N, 
is  a  singularly  insoluble  salt ;  on  attempting  to  prepare  it  in  the  ordinary 
way  by  adding  amyl  nitrite  to  a  suspension  of  the  sulphate  of  the 
substituted  aniline  in  acetic  acid,  this  salt  becomes  coated  with 
an  insoluble  layer  of  the  diazonium  hydrogen  sulphate  and  further 
diazotieation   is  hindered.     The   diazonium  salt  separates  in  lustrous 
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needles  on  adding  amyl  nitrite  to  a  solution  of  the  substituted  aniline 
in  ethyl  alcohol  containing  sulphuric  acid,  this  being  the  best  way  of 
preparing  the  compound  : 

0-2141  gave  01021  BaSO^.     80^  =  196. 

CflHOgNgBrg.HSO^  requires  80^=  19  8  per  cent. 

A  solution  of  this  salt  in  water  rapidly  became  yellow  and  turbid  ; 
in  the  presence  of  sodium  acetate,  a  precipitate  which  consisted  of 
tufts  of  microscopic  needles,  separated  in  a  few  minutes;  after  two 
hours,  the  precipitate  was  collected  and  the  bromide  in  the  yellow 
liquid  estimated.  It  represented  93  per  cent,  of  one  atomic  proportion 
of  bromine,  and  showed  that  that  proportion  of  the  diazo-compound 
had  been  converted  into  quinonediazide. 

Dihromonitroquinonediazide  (dihromonitrodiazophenol)^ 
0:C6HBr2(NO„):N2, 

Br^^Br 
probably  ^^  ||      |      ,      The  yellow,  crystalline  solid  just  mentioned 

^\/ 

0 

decomposed  at   138 — 140°,   and  consisted  of  a  very  soluble  portion, 

which,   however,   rapidly  decomposed  in  alcohol  or  acetone   solution, 

and  an  insoluble  portion,  which   decomposed  at   196°.     On  dissolving 

the    mixture    in    boiling    alcohol,    lustrous,    golden-yellow    spangles 

separated,  closely  resembling  lead  iodide,  and   decomposing  at   196°- 

An  estimation  of  bromine  gave  numbers  showing  that  the  compound 

was  a  dihromonitroquinonediazide : 

0-1426  gave  0*1654  AgBr.     Br  =  49'37. 

CgHOjjNgBrg  requires  Br  =49*51  per  cent. 

Its  stability  indicates  that  it  is  a  /^-quinonediazide. 

In  all  probability  the  soluble  unstable  portion  is  the  isomeric  o-quin- 
onediazide.  The  original  yellow  mixture  gave,  on  treatment  in 
ethereal  solution  with  hydrogen  chloride,  a  hydrochloride  from  which 
water  set  free  a  yellow  substance  decomposing  at  the  same  temperature 
as  the  original  mixture ;  the  quinonediazide  decomposing  at  196° 
yielded  a  hydrochloride  from  which  it  could  be  regenerated  unchanged. 

2:3:4:  ^-Tetrabromobemenediazonium  hydrogen  sulphcUe, 
CgHBr,-N(HSO,):N, 
is  readily  prepared  in  the  ordinary  way  from  tetrabromoaniline ;  it 
crystallises  in  needles  which  are  very  soluble  in  acetic  acid,  methyl 
alcohol,  and  water.  On  adding  sodium  acetate  to  its  aqueous  solution, 
a  crystalline  powder  separates  very  rapidly.  The  amount  of  bromide 
found  in  the  solution  after  four  hours  shows  that  68  p^r  P^Qt.  of  one 
atomic  proportion  of  bromine  had  l^een  eliminated. 
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JVihromotptitummliazufa  (trihromoJiazopheiiol),  0!0^ II  RrjIN,  probably 

^  !i       *   .     The  yellow,  crjst&lline  powder  which  deoomposes  at  120*' 

Br 
was  dissolved  in  ether  and  converted  into  the  hydrochloride,  from 
which  the  quinonodiazide  was  obtained  on  treatment  with  water,  and 
decomposed  at  124°  both  before  and  after  recrystallisatioD  from  ether. 

00719  gave  01141  AgBr.     Br  =  67-57. 

C^jHONjBr,  requires  Br  =-67-22  per  cent. 

Whether  this  substance  is  a  mixture  of  the  ortho-  an<l  para^diazidcs 
or  the  pure  ortho-compound,  is  uncertain  ;  it  appeared  to  be  entirely 
decomposed  by  boiling  alcohol,  a  fact  which  indicates  that  no  para- 
oompound  is  present. 

Neither  of  the  foregoing  diazonium  salts  yielded  any  of  the  tri- 
molecular  condensation  product.  If  the  view  is  correct  that  this 
latter  material  is  a  hydroxyazo-derivative,  its  formation  would  not  be 
possible  when  the  meta-position,  relatively  to  the  diazo-group,  is 
occupied  by  an  atom  or  group  other  than  hydrogen,  or  when  the 
halogen  atom  present  in  the  para-position  with  respect  to  the  diazo- 
group  is  replaced  by  hydroxyl. 


Influence  of  a  Methyl  Group  in  the  pai'a- Position  Relative  to  the 

Diazo-group. 

3  :  6'Dibronw-p-toluenediazonium  hydrogen  sulphate, 


Br'        "Br 

Nj-HSO, 
which  is  extremely  easily  prepared  from  3  :  5-dibromo-/)-toluidine  by 
the  usual  method,  crystallises  in  colourless  needles,  readily  soluble  in 
water,  acetic  acid,  and  methyl  alcohol,  and  can  be  recrystallised  by 
adding  ether  to  its  solution  in  the  latter  solvent  : 

01542  gave  00956  BaSO^.     SO^  =  25-48. 

C^HjNjBrgjHSO^  requires  80^  =  2566  per  cent. 

On  adding  sodium  acetate  to  its  aqueous  solution,  the  liquid  did  not 
become  yellow,  but  a  brown  precipitate  gradually  separated.  This 
product  is,  however,  very  unstable,  and  could  not  be  obtained  in  a 
crystalline  form.  After  20  hours,  the  filtrate  from  the  copious  pre- 
cipitate was  examined  for  bromide,  but  no  trace  could  be  detected. 
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Moreover,  on  treating  the  liquid  with  /?-naphthol,  none  of  the  colour 
changes  characteristic  of  the  quinonediazides  were  observed,  a  ^mall 
amount  of  3  :5-dibromo-/;-tolueneazo-/3-naphthol  alone  being  formed. 

3  :  5-Dibromoi>-toltieneazO'l3-naphthol. — This  latter  compound,  which 
can  be  prepared  in  the  usual  manner,  crystallises  from  acetic  acid  in 
lustrous,  scarlet  needles  or  prisms  melting  at  141°. 

lieplacement  of  Halogen  by  Ilydroxyl  in  Dihalogenbenzenediazo- 

compounds. 

N2,HS04 

2 :6J)ibromobenzenediazon{um  hydrogen  sulphate,      I        I     >  ** 


readily  prepared  in  the  usual  manner  from  2 :  6-dibromoaniline,  and 
crystallises  in  needles  which  aie  very  soluble  in  acetic  acid  and  methyl 
alcohol.  When  treated  with  sodium  acetate  in  aqueous  solution, 
decomposition  appears  to  take  place  very  slowly ;  after  being  kept  for 
4  days,  the  yellow  solution  was  filtered  from  the  small  quantity  of 
solid,  and  the  bromide  estimated  in  the  filtrate  which  was  acidified 
with  nitric  acid  ;  the  amount  showed  that  36  per  cent,  of  the  diazonium 
salt  had  been  converted  into  the  quinonediazide.  The  yellow  liquid 
was  extracted  two  or  three  times  with  chloroform  and  this  extract 
mixed  with  the  chloroform  solution  of  the  solid  which  had  separfltod. 
Hydrogen  chloride  was  then  passed  into  this  solution  ;  the  hydro- 
chloride, which  separated  in  white  needles,  was  decomposed  with 
water,  thus  giving  the  quinonediazide. 

No 


S-Bromo-o-quino7iediazidej  Br'jj       ]I0,   an    orange  coloured   powder, 

\-^ 

which  can  be  crystallised  from  ether  in  prisms,  melts  and  decomposes 
at  103° ;  as  compared  with  the  other  quinonediazides,  it  is  readily 
soluble  in  water;  its  aqueous  solution  is  very  sensitive  to  light, 
becoming  at  first  brown,  and  then  depositing  a  brown  solid  : 

0-1340  gave  01 275  AgBr.     Br  =  40-49. 

CgHgONgBr  requires  Br=40-2  per  cent. 

2  :  i-Dichlorobenzenediazoniu7n  hydrogen  sulphate, 
C,H3Cl2-N(HSO,)sN, 
crystallises   in  very  well  defined,  long,  lustrous  needles    from  ethyl 
alcohol  and  ether. 

2  :  i'Dichlorobenzeneazo-p-naphUiol,  CioH,(OH)*Nj'C,H5Cl,,  was  pr©- 
pared  in  the  manner  previously  described,  by  first  of  all  convertiog 
the  diazonium  salt  into  the  diazotate,  and  then  adding  the  solution 
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to  an  Alkaline  f^olutirn  of  /Sonphlhol,  aod  subaequennj  reducing  tho 
alkalinity  of  the  mixture  with  sodium  bicarbonate  ;  it  crjsialliMs  from 
acetic  acid  in  slender,  lastroud,  scirlet  prisms  melting  at  190^  and  is 
insoluble  in  aqueous,  but  soluble  in  alcoholic,  sodium  hydroxide : 

0*2010  gave  01806  AgOl.    01-22*33. 

OieHjoONjCl,  requires  Ci  -  22*4  per  cent. 

The  behaviour  of  this  diazonium  salt,  when  treated  with  sodium 
acetate,  offers  a  marked  contrast  to  that  of  the  2  :  6-dibromobenzene- 
diaxonium  salts.  After  keeping  the  solution  of  the  diazouium  acetate 
for  4  days,  a  faint  yellow  colour  had  appeared,  and  a  very  small 
amount  of  a  yellow  solid  had  separated.  Moreover,  silver  nitrate 
merely  gave  a  turbidity  with  the  solution  after  acidification  with 
nitric  acid.  That  the  yellow  colour  was  due  to  the  formation  of 
quioonediaxide  was  shown  by  adding  the  solution  to  alkaline  )3-naph- 
thol,  when  the  characteristic  magenta  coloration  developed. 

Treatment  of  the  Dichlorohenzeiiediazonium  Salt  with  Sodium 
Bicarbonate.—  On  adding  aqueous  10  per  cent,  sodium  bicarbonate 
(2J  mols.)  to  the  diazonium  sulphate  (1  mol.)  in  a  1*25  per  cent, 
aqueous  solution  and  keeping  the  mixture  for  two  days,  a  more 
extensive  change  took  place.  A  bulky,  yellow  precipitate  separ> 
ited  from  the  liquid,  which  remained  throughout  acid  to  litmus, 
rhe  chloride  in  the  filtrate  represented  32  per  cent,  of  one  atomic 
proportion  of  chlorine.  Very  little,  if  any,  quinonediazide  was  con- 
tained in  the  yellow  precipitate ;  what  little  had  escaped 
condensation  with  the  diazonium  salt  or  with  itself,  remained  in 
fe-oluticn.  It  was  recognised  therein  by  adding  the  filtrate  from  the 
yellow  precipitate  to  an  alkaline  solution  of  ^S-naphtbol,  whereupon 
J :  4-dichlorobenzeneazo*/?-naphthol  separated,  the  quinonediazide 
derivative  being  left  in  the  alkaline  liquor.  The  latter  was  precipitated 
on  acidification  and  purified  by  redissolving  in  alcoholic  sodium 
hydroxide  and  pouring  into  water ;  the  dichlorobenzeneazonaphthol 
then  deposited  was  removed  and  the  chloropheiiol-2-azop-naphthol  pre- 
cipitated by  acid  from  the  magenta-coloured  alkaline  solution  ;  it  formed 
very  dark  red  flocks,  immediately  soluble  in  aqueous  alkali  hydroxides. 
The  dihydroxyazo-derivative  separated  from  acetic  acid  in  microscopic 
tufts  of  needles,  melting  at  265°,  but  the  amount  thus  obtained  was 
insufficient  for  analysis. 

Treatment  of  the  Diazotate  with  Carbon  Dioxide. — Into  a  solution 
of  the  diazotate,  prepared  in  the  manner  previously  described,  a 
rapid  current  of  carbon  dioxide  was  passed,  until  the  solution  was  no 
longer  alkaline  to  phenolphthalein,  but  still  had  this  reaction  to  litmus. 
A  copious  yellow  precipitate  separated,  and  after  filtration  the 
chloride  was  estimated  in  the  yellow  liquid.     It  amounted  to  34  ^er 
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cent,  of  one  atomic  proportion  of  chlorine.  As  in  the  previous  case, 
only  a  very  little  of  the  quinonediazide  in  the  form  of  its  azo-)3-naphthol 
derivative  was  isolated. 

2  :  4:'Dibromo-5-7iii7'obenzenediaz(mium  hydrogen  siUphatef 
CeH2Br2(N02)-N(HS04):N, 
which  crystallises  readily,  was  prepared  in  order  to  test  the  effect  of 
a  nitro-group  in  the  meta-position  on  the  transformation  of  a 
dihalogendiazonium  compound.  It  was  obtained  from  2  :  4-dibromo- 
5-nitroaniIine,  an  account  of  the  method  of  preparing  which  will  be 
given  on  another  occasion.  On  treatment  with  sodium  acetate,  its 
behaviour  offered  a  marked  contrast  to  that  of  the  2  : 4-dichloro- 
benzenediazonium  compound,  a  difference  which  is  not  due  to  the  fact 
that  one  substance  has  two  bromine  atoms  whilst  the  other  has 
chlorine,  as  a  comparison  of  the  behaviour  of  s-trichloro-  with 
s-tribromo-diazobenzene  compounds  shows.  Transformation  began 
immediately,  the  solution  becoming  yellow  and  a  solid  being  deposited. 
After  24  hours,  the  bromine  was  estimated  in  the  filtered  solution  ;  it 
showed  that  about  80  per  cent,  of  the  diazonium  compound  had  become 
transformed  into  the  quinonediazide,  but  much  of  the  latter  had  con- 
densed ;  its  presence  could  be  demonstrated  in  the  yellow  liquid  by 
means  of  ^-naphthol  in  the  usual  manner. 

The  investigation  of  the  type  of  isomeric  change  described  in  this 
paper  is  being  continued.  The  author  hopes  shortly  to  communicate 
to  the  Society  the  results  obtained  when  different  groups  or  atoms 
occupy  the  positions  2,  4,  and  6  with  respect  to  the  diazo-group. 

The  author  wishes  to  express  his  indebtedness  to  the  Chemical 
Society  for  the  grant  from  the  Research  Fund  which  has  defrayed 
much  of  the  cost  of  this  investigation. 

St.  Bartholomew's  Hospital, 
London,  E.G. 


LXXXIV. — Freezing  Point  Curves  for  some  Binary 
Mixtures  of  Organic  Substances,  chiefly  Phenols 
and  Amines. 

By  James  Charles  Philip. 
Introductory. 

It  is  well  known  that  in  general  the  addition  of  a  small  quantity  of  a 
substance  A  to  another  substance  B  lowers  the  freezing  point  of  the 
latter,  and  if  the  freezing  temperatures  are  plotted  against  concentra- 
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tioQ»  a  freeiing  point  curve  is  obtained,  fltarting  from  the  freeiing 
point  of  B  Atui  falling;  townrds  the  concentration  axis.  The  Mime  con* 
siderationn  apply  to  the  effect  of  small  qiiantitieR  of  B  on  the  freezing 
(toint  of  At  from  which  also  a  freeiing  point  curve  starts.  The  initial 
portions  of  these  curves,  where  one  of  the  constituents  is  in  large 
exoess,  have  been  very  extensively  studied  with  important  practical 
results.  But  a  further  interesting  field  of  investigation  is  opened  up 
by  the  removal  of  the  restricting  condition  that  one  of  the  constitu- 
ents should  be  present  in  large  excess.  The  problem,  which  then 
involves  the  mutual  relationship  of  the  two,  so  far  independent, 
freezing  point  curves,  and  the  nature  of  the  solid  which  separates  when 
freezing  takes  place  in  mixtures  of  widely  varying  concentration,  has 
been  solved  in  general  terms  by  Roozeboom  and  Le  Chatelier.  Pro- 
viding that  the  two  substances  do  not  form  mixed  crystals,  the  com- 
plete f reeling  point  curve  conforms  to  one  or  other  of  two  types 
according  as  the  substances  do  or  do  not  form  compounds.  If  no 
compound  is  formed,  the  type  of  curve  is  that  shown  in  Fig.  1,  where 


Fig.  1. 


Fig.  2a. 


Fig.  2b. 


the  two  curves  starting  from  the  freezing  points  of  the  constituents 
cut  each  other  at  the  eutectic  point,  considerably  below  the  freezing 
point  of  either  constituent.  If  a  compound  is  formed,  a  third  curve 
intervenes  (as  in  Figs.  2rt  and  26),  which  cuts  each  of  the  ordinary 
freezing  point  curves,  and  may  or  may  not  have  a  maximum  point  or 
summit.  If  there  is  a  summit,  the  composition  of  the  mixture,  which 
freezes  at  this  maximum  temperature,  gives  the  formula  of  the  com- 
pound produced.  When  the  two  constituent  substances  form  more 
than  one  compound,  there  is  a  branch  of  the  composite  curve  corre- 
sponding with  each,  and  when  solidification  commences  in  a  mixture 
the  composition  of  which  lies  within  the  limits  of  such  a  branch,  the 
solid  that  separates  is  the  compound  to  which  this  particular  branch 
belongs. 

These  types  of  composite  freezing  point  curves  have  been  experi- 
mentally realised  for  binary  systems  of  various  kinds.  Thus,  curves 
like  that  in  Fig.  1  have  been  obtained  for  mixtures  of  inorganic  salts 
(Guthrie,  Phil.  Mag.,  1884,  17,  643),  for  mixtures  of  metals,  such  as 
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cadmium  and  zinc,  tin  and  zinc,  silver  and  lead  (Heycock  and  Neville, 
Trans.,  1897,  71,  383  ;  Phil.  Tram.y  A,  189,  25),  and  for  mixtures  of 
organic  substances,  such  as  acetic  acid  and  benzene,  naphthalene  and 
diphenylamine,  nitrobenzene  and  ethylene  dibromide  (Miolati,  Zeit. 
physikal.  Chem.,  1892,  9,  649;  Dahms,  Wied.  Ann.,  1895,  64,486; 
Crompton  and  Whiteley,  Trans.,  1895,67,  327  ;  Roloff,  Zeit.  phyaikcd. 
CJiem.,  1895,  17,  325  ;  Patern6  and  Ampola,  Gazzetta,  1897,  27,  481). 
Examples  of  the  curve  type  represented  in  Fig.  2a  are  supplied  for 
the  system  salt  — water  by  Roozeboom's  classical  work  on  the  hydrates 
of  calcium  chloride  and  ferric  chloride ;  for  alloys,  by  Heycock  and 
Neville's  work  on  gold  and  aluminium  (Phil.  Trans. ,  Ay  194,  201),  or 
Kurnakoff's  work  on  sodium  and  mercury  (see  Abstr.,  1 900,  ii,  277)  ; 
and  for  organic  substances  by  Kuriloff's  work  {Zeit.  physikal.  Cheni., 
1897,  23,  547,  673),  or  by  the  freezing  point  curves  for  mixtures  of 
optical  isomerides  (Roozeboom,  Zeit.  physikal.  Chem.,  1899,  28,  505; 
Adriani,  ibid.,  1900,  33,  462).  Cases  where  a  compound  is  indicated 
on  the  composite  freezing  point  curve  by  a  branch  which  does  not 
reach  a  summit  occur  in  freezing  point  curves  for  the  system  salt- 
water (see  Donnan  and  Burt,  this  vol.,  p.  335),  and  are  frequent  in 
the  freezing  point  curves  of  alloys.  Very  often  a  freezing  point  curve 
for  mixtures  of  two  metals  combines  the  essential  features  of  Fig.  2a 
and  Fig.  26  (see  Heycock  and  Neville,  loc.  city  and  Kurnakoff,  loc.  cit). 

Apart  from  Kuriloff's  curves,  those  given  for  mixtures  of  optical 
isomerides,  and  one  or  two  isolated  cases  (for  example,  Schreiuemakers, 
Zeit.  physikal.  Chem.,  29,  581  ;  Lidbury,  ihid.y  39,  453  ;  van  de  Stadt, 
ibid.,  41,  353),  the  freezing  point  curves  hitherto  obtained  for  mixtures 
of  organic  substances  belong  chiefly  to  the  simple  type  shown  in  Fig.  1. 
The  work  described  in  the  present  paper  was  carried  out  with  the  view 
of  obtaining  additional  examples  of  mixtures  of  organic  compounds 
giving  curves  of  the  more  complex  types  illustrated  by  Figs.  2a  and 
2h. 

f  Pairs  of  substances  were  chosen,  chiefly  phenols  and  amines,  which 
might  be  expected  to  form  compounds,  and  mixtures  of  these  were 
made  up  in  different  proportions  ;  the  fused  mixtures  were  allowed  to 
cool  slowly,  and  the  point  or  points  of  soliditication  were  determined 
in  each  case. 

It  will  be  seen  from  the  experimental  data  given  below  and  from  the 
accompanying  diagrams  that  freezing  point  curves  exhibiting  an  inter- 
mediate branch  with  a  marked  summit  (as  in  Fig.  2a)  have  been 
found  for  mixtures  of  /^-cresol  and  aniline,  phenol  and  urea,  phenol 
and  p-toluidine,  phenol  and  a-naphthylamine,  a-naphthol  and  />-tolu- 
idine,  picric  acid  and  phenol.  The  summit  of  the  intermediate  branch 
of  the  curve  lies  generally  at  50  molecular  per  cent.  ;  in  one  case — 
phenol  and  urea — it  lies  at  33*3  molecular  }er  cent.     That  is  to  ^ay, 


BINAKY    MlXrUliBS   OP  ORQANIC  SUBS  FAN  ^l7 

the  compounds,  the  ezistenoe  of  which  is  indicated  bj  the  form  of  the 
f reeling  point  curve,  contain  in  most  oases  a  molecule  of  each  con- 
stituent, whilst,  in  the  exceptional  case  of  phenol  and  urea,  2  mole- 
cules of  the  former  combine  with  one  of  the  latter. 

The  moet  interesting  case  investigated  is  that  of  mixtures  of  phenol 
and  p-toluidine,  inasmuch  as  the  compound  of  these  two  substances 
exists  in  two  modifications,  each  of  which  has  a  corresponding  branch 
of  the  freeiing  point  curve,  the  one  enveloping  the  other. 

No  ckse  of  a  freesiog  point  curve  exactly  of  the  type  shown  in 
Fig.  2b  has  been  met  with,  but  a  close  approximation  is  furnished  by 
the  phenol — urea  curve,  in  which  the  intermediate  branch  ends  just  at 
the  summit,  so  that  one  of  the  eutectic  tetuperatures  coincides  with 
the  summit  temperature. 

The  extreme  slowness  with  which  some  of  these  organic  substances 
crystallise  is  well  illustrated  by  the  behaviour  of  mixtures  of  phenol 
and  a-naphthylamine.  Here  it  is  possible  to  obtain  a  separation  of 
phenol  or  a-naphthylamine  in  a  mixture  from  which  at  a  considerably 
higher  temperature  the  compound  of  these  two  substances  should  have 
cryst-allised ;  it  is  thus  possible  to  realise  portions  of  the  primary 
freezing  point  curves  underneath  the  intermediate  branch. 

Contrary  to  what  might  have  been  expected,  there  is  no  evidence 
for  the  formation  of  a  compound  in  the  case  of  either  phenol  and 
diphenylamine,  or  o-nitrophenol  and  />-toluidine,  the  freezing  point 
curves  for  these  two  systems  being  of  the  simple  type  represented  in 
Fig.  1. 

Of  the  compounds  dealt  with  in  the  course  of  the  work,  the  follow- 
ing have  not  been  described  :  j^-cresol  and  aniline,  phenol  and  p-toln- 
idine  (as  plates),  picric  acid  and  phenol  ( I  mol.  of  each),  a-naphthol 
and  f>-toluidine. 

It  should  be  mentioned  that  the  information  given  by  the  freezing 
point  curves  has  been  confirmed  and  supplemented  by  analysis  of  the 
crystals  separating  at  various  points  on  the  curves. 

EXPEBIMBNTAL. 

The  method  adopted  for  the  determination  of  the  freezing  points  was 
essentially  that  due  to  Beckmann.  Suitable  quantities  of  the  two  con- 
stituents were  weighed  out  in  a  tube  or  beaker,  surrounded  by  a 
larger  vessel  of  the  same  kind,  and  the  whole  was  immersed  in  a  bath 
of  appropriate  temperature.  The  fused  mixture  was  allowed  to  cool, 
and  the  commencement  of  solidification  was  indicated  by  surfusion 
or  merely  by  an  alteration  in  the  rate  of  cooling.  Care  was  taken 
that  the  rate  of  cooling  at  the  freezing  point  should  not  be  too  great, 
and  in  most  cases  excessive  surfusion  was  avoided  by  introducing  the 
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appropriate  solid.  As  pointed  out  by  previous  workers  on  this  sub- 
ject, the  accuracy  of  the  temperature  determination  cannot  be  very 
great,  since  the  temperature  observed  by  the  above  method  is  not 
always  the  exact  freezing  point  of  the  mixture  under  investigaation, 
but  is  usually  a  little  too  low.  The  error  thus  introduced  will,  under 
similar  conditions,  be  most  marked  when  the  composition  of  the  liquid 
mixture  differs  widely  from  that  of  the  crystallising  substance. 

The  composition  of  the  mixtures  was  either  varied  by  adding  fresh 
quantities  of  one  constituent  to  the  mixture  under  investigation  ;  or 
fresh  quantities  of  each  constituent  were  taken  for  each  deter- 
mination. 

The  thermometer  had  a  range  from  0 — 100°,  and  was  divided  into 
tenths  of  a  degree ;  on  examination  and  comparison  with  a  standard 
thermometer,  it  was  found  to  give  readings  which  were  in  general  0*1° 
too  high.  In  the  following  tables,  the  temperatures  given  are  those 
actually  read  on  this  thermometer,  for  since  the  object  of  the  in- 
vestigation was  to  determine  the  form  of  the  freezing  point  curves, 
the  correction  of  each  separately  observed  freezing  point  was  re- 
garded as  superfluous.  A  second  thermometer  ranging  from  -  20°  to 
+  30°  and  also  divided  into  tenths,  was  occasionally  used  ;  it  was 
compared  with  the  first  thermometer,  and  its  readings  were  cor- 
respondingly reduced. 

The  materials  were  redistilled  or  recrystallised  before  use,  unless 
a  determination  of  the  freezing  point  had  shown  them  to  be  sufficiently 
pure. 

Phenol  and  Diphenylamine. 

The  freezing  point  curve  for  mixtures  of  these  two  substances  is  of 
the  type  shown  in  Fig.  1  ;  the  experimental  numbers  are  given  in  the 
following  Table  I,  and  the  curve  itself  is  shown  in  Fig.  3.  In  this 
curve,  as  in  those  to  follow,  temperature  is  plotted  against  molecular 
percentage. 

Of  the  two  freezing  points  given  in  the  following  table  (p.  819)  for 
the  mixture  with  29*3  molecular  per  cent,  of  diphenylamine,  the  higher 
value,  19 '8°,  is  the  point  at  which  phenol  begins  to  crystallise  out. 
As  the  separation  of  phenol  continues  and  the  temperature  accordingly 
falls,  a  second  freezing  point  is  observed  at  18*1°,  corresponding  with 
the  simultaneous  separation  of  phenol  and  diphenylamine.  The 
eutectic  temperature  is  therefore  18*1^  and  the  euteotic  mixture 
contains  about  32  molecular  per  cent,  of  diphenylamine.  This  is  not 
far  removed  from  the  composition  of  a  mixture  containing  one  mole* 
cular  proportion  of  diphenylamine  and  two  of  phenol,  and  indeed  the 
view  was  at  one  time  held  that  the  eutectic  mixture  always  contains 
the  constituents  in  simple  molecular  proportions.     This  interpretation 
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of  the  eutectic  mizbare  has,  however,  been  displaced  in  favour  of  the 
modern  view  (see  Ontwald's  Lthrbuch,  I,  1023),  and  the  experimental 
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work  of  Dahms  and  olmli^  has  shown  that  in  the  great  majority  of 
cases  the  constituents  of  the  eutectic  mixture  are  not  in  any  exact 
molecular  proportion,  the  simple  ratios  obtained  in  certain  cases  being 
probably  nothing  more  than  coincidences. 

o-Nitrophenol  mid  ^-Toluidine, 

In  this  case,  it  might  have  been  expected  that  the  freezing  point 
curve  would  have  the  form  indicated  in  Fig.  2,  owing  to  the  formation 
of  a  compound  from  the  two  constituents.  This  combination,  how- 
ever, does  not  occur,  and  the  freezing  point  curve  consists  only  of 
two  branches  starting  from  the  freezing  points  of  the  constituent 
substances,  and  melting  at  a  eutectic  point,  15*6°,  when  the  molecular 
percentage  of  fhtoluidine  is  52  (see  Table  II  and  Fig.  4,  p.  821). 


Table  II. 


Weight  of 
o-uitrophenol. 

Weight  of 
;)-toiuidiue. 

0-0 

Percentage  of 
2?-toluidiae. 

Molecular 
percentage  of 
p-toluidine. 

Freezing  point. 

35-52 

0-0 

00 

44-1' 

»» 

3-26 

8-4 

10-6 

38-9 

it 

6  62 

157 

19  5 

34-4 

»» 

10-38 

22-6 

27-5 

30-2 

tt 

13-96 

28-2 

33-8 

26-7 

25-92 

13-42 

34-1 

40-2 

22-8 

>» 

17-63 

40-5 

46-9 

18-2 

20-26 

17-42 

46-2 

52-8 

/181 

\l5-6 

17-8 

18-49 

tt 

48-5 

55  0 

16-60 

•1 

61-2 

67-7 

20  0 

18-66 

27-26 

59-4 

65-5 

24-7 

18-55 

1 1 

C6-8 

72-3 

28-9 

1003 

It 

731 

77-9 

82  1 

7-40 

>f 

78-6 

82-7 

34-7 

4  19 

30-43 

87-9 

yo-4 

38-6 

0-0 

)> 

100-0 

1000 

43-3 

The  double  freezing  point  recorded  for  the  52*8  per  cent,  mixture 
is  to  be  interpreted  as  before  ;  the  higher  point  was  obttiined  after 
sowing  with  ^toluidine,  the  lower  steady  eutectic  point  after  further 
sowing  with  o-nitrophenol. 

Liquid  mixtures  of  o-nitrophenol  and  />-toluidine  are  deep  red,  and 
this  fact  might  be  considered  to  indicate  the  formation  of  a  compound. 
The  evidence  of  the  freezing  point  curve,  and  the  examination  of  the 
crystals  which  separate  on  freezing,  however,  are  both  against  this 
view.     Thus,  yellow  crystals  of  o>Ditrophenol,  melting  at  about  45°, 
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l>-Cre8ol  and  Aniline. 

The  freezing  jxiint  curve  for  mixtures  containing  from  0 — 67  molecular 
per  cent,  of  aniline  is  shown  in  Fig.  5    p.  822). 


Tablb  III. 
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A  compound  is  evidently  formed  in  this  case,  containing  a  molecular 
proportion  of  each  constituent,  inasmuch  as  there  is  an  intermediate 
branch  of  the  freezing  point  curve  with  a  well-marked  summit  at  50 
molecular  per  cent,  at  21*2°.  According  to  theory,  the  substance 
separating  from  any  mixture  which  falls  within  the  limits  of  the 
intermediate  branch  should  have  a  composition  defined  by  the  position 
of  the  summit.  This  was  borne  out  in  the  case  of  /7-cresol  and  aniline 
by  an  analysis  of  the  crystals  separating  from  the  last  mixture, 
namely,  that  containing  66*8  per  cent,  uf  aniline.  The  crystals  were 
rapidly  filtered  at  the  pump,  pressed  out  on  a  porous  plate,  and  thus 
obtained  as  colourless,  scaly  plates  which  were  analysed  without  re- 
crystallisation,  the  object  being  to  determine  the  composition  of  the 
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crystals  as  produced  under  the  conditions  of  experiment.  The  analysis 
(by  Kjeldahl's  method)  gave  7*2  per  cent,  of  nitrogen  in  the  crystals, 
whence  the  molecular  ratio  of  /j-cresol  to  aniline  is  1  :  106.  The  high 
percentage  of  nitrogen  was  only  to  be  expected,  in  view  of  the  way 
in  which  the  crystals  were  obtained. 

This  molecular  compound  of  ;;-cresol  and  aniline  has  apparently  not 
been  previously  prepared. 


PlitTwl  and  Urea, 

The  results  obtained  with  mixtures  of  phenol  and  urea  containing 
from  0  to  80*5  molecular  per  cent,  of  urea  are  represented  graphically 
in  Fig.  6  (p.  828). 
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The  lowest  temperature  at  which  mixtures  of  phenol  and  urea  can  re- 
main liquid  is  35°,  and  the  eutectic  mixture  contains  65 — 7'0  molecular 
per  cent,  of  urea.  The  eutectic 
temperature  is  given,  not  only  by 
the  point  of  section  of  the  two 
branches  of  the  curve,  but  by  the 
second  steady  freezing  points  ob- 
tained with  the  mixtures  contain- 
ing 5*5  and  7  8  molecular  per  cent, 
of  urea.  Further  addition  of  urea 
causes  a  rise  in  the  freezing  point, 
the  passage  of  the  eutectic  point 
being  indicated  also  by  a  change  in 
the  character  of  the  crystals  that 
separate  out.  From  mixtures  con- 
taining less  than  7  molecular  per 
cent,  of  urea,  a  crystallisation  of 
needles  takes  place,  whilst  from 
mixtures  containing  7 —  33  per  cent., 
lustrous  plates  are  produced.  At 
33  per  cent,  or  thereabouts,  the 
freezing  point  curve  shows  a  sum- 
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mit,  but  at  this  point  or  just  beyond 
it  the  curve  is  cut  abruptly  by 
another  branch.  This  passage  from 
one  branch    of  the    freezing   point 
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curve  to  anotlitr  is,  moreover,  indicated  by  a  change  in  the  nature  of 
the  crystallisation,  for,  instead  of  plates,  a  mass  of  minute  crystals 
is  produced  when  solidification  begins. 

The  freezing  points  on  the  steep  branch  at  628°  and  74*5°  were  very 
transient ;  there  was  no  surfusion,  and  the  temperature  at  which 
crystallisation  began  was  determined  as  closely  as  possible  by  observa- 
tion; the  reading  could  be  made  to  within  0-1 — 02°,  providing  that 
the  rate  of  cooling  was  slow  ;  the  value  thus  obtained  was  confirmed  by 
a  slight  alteration  in  the  rate  at  which  the  mixture  cooled  after  the 
commencement  of  crystallisation.  The  second  freezing  points  observed 
for  the  mixtures  containing  355  and  39*5  molecular  per  cent,  of  urea 
were  very  steady  and  well-marked ;  they  represent  the  eutectic  point 
at  which  tlie  substances  corresponding  with  th?  branches  of  the  curve 
crystallise  out  together. 

The  summit  at  33  molecular  per  cent,  indicates  the  existence  of  a 
compound  cont  lining  1  molecule  of  urea  to  2  moleciiles  of  phenol,  and 
the  plates  which  crystallise  from  mixtures  containing  7 — 33  per  cent, 
of  urea  should  con.-iht  of  this  compound.  To  test  this,  a  mixture  was 
-prepared  containing  12-2  molecular  per  cent,  of  urea;  this  was 
completely  melted  and  then  allowed  to  crystallise  partially.  The 
separated  crystals  (plates)  were  rapidly  filtered  at  the  pump,  the 
operation  being  carried  out  in  a  box  kept  at  40 — 50°,  and  then  pressed 
out  on  porous  tile  previously  heated  to  about  50°.  The  crystals  were 
analysed  at  on(o,  and  found  to  contain  10*5  per  cent,  of  nitrogen, 
whence  the  molciular  ratio  of  urea  to  phenol  is  1  :  2*2. 

The  change  in  the  nature  of  the  crystallisation  observed  on  passing 
the  summit  at  33  u.olecular  per  cent,  was  confirmed  by  analysis  of  the 
crystals  separating  fro:n  a  mixture  containing  39'2  molecular  per  cent, 
of  urea.  The  filtering  apparatus  and  the  drying  tilo  were  in  this  case 
heated  to  about  70°.  The  crystals  were  found  to  contain  46*6  per 
cent,  of  nitrogen,  and  therefore  consisted  of  urea;  hence  the  steep 
branch  starting  at  33  molecular  per  cent,  would  end  at  the  fieezing 
point  of  urea. 

The  above-mentioned  compound  of  urea  and  phenol  has  been 
described  by  Eckenroth  {Jafiresher.y  1886,  548) ;  as  stated  by  him,  the 
crystals  melt  at  61'^,  Itse  phenol  when  left  exposed  to  the  air,  and 
gradually  change  into  a  white  powder. 


Phenol  and  a-Naphthylamine. 

The  corresponding  freesing  point  curve  is  shown  in  Fig.  7  (p.  826). 
There  is  a  well-marked  summit  at  50  molecular  per  cent,  and  28*8^; 
fehe  eutectio  temperatures    are    16  0°  and    24*0°,   and   the  eutectic 
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mixtures  contaiu   respectively   23*5   and   68   molecular  per  cent,  of 
a-naphthylamino. 

Iq  this  case  also,  the  conclusions  drawn  from  the  freezing  point 
curve  as  to  the  nature  of  the  substances  which  crystallise  from  mixtures 
of  different  compositions  were  confirmed  by  analysis.  The  compound 
of  phenol  and  a- naphthy lamina,  the  existence  of  which  is  proved  by 
the  freezing  point  curve  and  confirmed  by  analysis,  has  been  previously 
prepared  by  Dyhon  (Trans.,  1883,  43,  469),  and  its  melting  point  is 
given  by  him  as  30' 1°.  The  compound  is  characterised  by  the  extreme 
slowness  with  t^hich  it  crystallises,  and  owing  to  this  ib  was  possible 
to  realise  portions  of  the  first  and  third  branches  of  the  freezing  point 
curve  below  the  eutectic  temperatures.  Indeed,  the  intermediate 
mound  could  only  be  realised  by  adding  a  small  crystal  of  the 
compound,  which  had  been  already  obtained  after  a  few  weeks  from  a 
mixture  conlaiuing  32-5  molecular  per  cent,  of  a-naphthylamine.  The 
compound  can  also  be  obtained  by  cooling  sufficiently  mixtures 
containing  the  constituents  in  approximately  molecular  proportions. 
The  imporl:ince  of  inoculating  the  mixture  with  these  crystals  will 
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best  be  understood  by  reference  to  a  particular  case.  When  the 
mixture  with  24*9  molecular  per  cent,  of  a>naphthylamine  (see  table  V 
and  figure  7)  was  cooled  in  presence  of  a  few  crystals  of  the  compound, 
the  freezing  point  16*8°  was  obtained,  corresponding  with  the 
separation  of  the  compound;  after  the  point  16*8°  had  been  observed^ 
a  few  small  crystals  of  phenol  were  added  and  the  cooling  continued. 
After  slight  surfusion,  the  thermometer  rose  to  15-9°,  the  steady 
eutectic  point.  The  mixture  was  now  remelted  and  the  liquid  cooled 
to   12*9°  in   presence  of  a  crystal  of  phenol  alone,   after  which  the 
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temperature  rose  to  13-2°;  this  freezing  point  lies  on  the  continuation 
of  the  curve  which  starts  from  the  freezing  point  of  phenol,  and 
accordingly  the  substance  separating  at  13*2°  must  bo  phenol.  Another 
case  is  recorded  in  the  table  where  a  mixture  containing  29'4  molecular 
per  cent,  of  a-naphthylamine,  for  which  a  freezing  point  had  been 
found  at  20*8°,  after  inoculation  with  the  compound,  was  cooled  in  pre- 
sence of  a  crystal  of  phenol,  and  then  gave  a  freezing  point  at  5*50^. 
Similarly,  on  the  other  side  of  the  mound,  lower  freezing  points  are 
found,  situated  op  the  coptipuatipD  of  the  branch  which  stiurts  from  the 
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freeiing  point  of  a-naphthylamioe.  It  was  hoped  that  the  two 
branohee  lUriing  from  the  freesing  poiDte  of  the  cooitituentB  might 
be  realised  completely  as  far  as  their  point  of  interaection,  but  it  was 
found  that  phenol  or  a-naphthylamine  did  not  separate  from  mix- 
turee  containing  approximately  molecular  proportions  of  the  con- 
stituents; when  the  cooled  mixture  was  inoculated  with  either 
substance,  it  became  almost  completely  solid  in  a  few  minutes,  owing 
to  separation  of  the  compound. 

The  sluggishness  of  the  phenol — a-naphthylamine  compound  is  illus- 
trated also  by  the  following  experiment.  Equal  quantities  of  the 
liquid  mixture  containing  6-4'5  molecular  per  cent,  of  a-naphthylamine 
were  put  in  each  of  three  watch-glasses,  I,  II,  and  III.  To  I,  a 
little  a-naphthylamine  was  added,  to  II  a  little  of  the  molecular  com- 
pound, while  III  was  left  untouched.  Next  morning,  the  contents  of 
III  were  still  liquid  ;  partial  crystallisation  had  taken  place  both  in 
I  and  II,  but  the  amount  of  crystalline  matter  was  obviously  greater 
in  II  than  in  I,  as  might  be  expected  from  the  freezing  points 
recorded  for  this  mixture.  Crystals  of  a-naphthylamine  and  of  the 
compound  were  now  .added  to  III,  and  by  the  following  morning  its 
contents  had  shrunk  up  into  a  solid  mass ;  this  also  might  have  been 
predicted  from  the  freezing  point  curve,  inasmuch  as  the  eutectic 
point  associated  with  the  simultaneous  crystallisation  of  the  two  sub- 
stances is  24°,  a  temperature  well  above  that  of  the  room.  It  thus 
appears  that  when  a  liquid  mixture  is  supersaturated,  firstly  and 
chiefly  with  regard  to  the  compound,  secondly  with  regard  to 
a-naphthylamine,  the  second  supersaturation  may  be  removed  without 
disturbing  the  first  (compare  Dahms,  loc.  cit.).  On  the  other  side  of 
this  eutectic  point,  it  was  possible  to  obtain  and  keep  for  a  limited 
time  liquid  mixtures  supersaturated  firstly  and  chiefly  with  regard 
to  a-naphthylamine,  and  secondly  with  regard  to  the  compound,  but 
spontaneous  crystallisation  of  a-naphthylamine  ultimately  took  place, 
whilst  inoculation  with  crystals  of  the  compound  led  to  a  separation 
of  both  substances. 

It  was  not  easy,  owing  to  the  slow  crystallisation  of  the  compound 
of  phenol  and  a-naphthylamine,  to  obtain  accurate  determinations 
of  the  points  situated  on  the  mound.  Even  with  very  slow  cool- 
ing after  inoculation,  there  might  be  considerable  surfusion,  a?,  for 
example,  in  the  case  of  the  mixture  with  58  molecular  per  cent,  of 
a-naphthylamine.  The  temperature  at  the  time  of  inoculation  was 
28-35°,  and  40  minutes  later  it  had  fallen  to  272°;  a  slow  rise  of 
temperature  then  took  place,  but  another  20  minutes  elapsed 
before  the  crystals  were  in  complete  equilibrium  with  the  liquid,  and 
the  temperature  reached  iis  maximum  at  27*6°.  In  other  cases,  even 
greater  surfusion  could   not  be  avoided,  apd  this,  obviously,  led  to 
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error,  all  the  more  when  the  composition  of  the  liquid  differed  consider- 
ably from  that  of  the  substance  crystallising  out.  In  some  cases, 
theiefore,  the  freezing  i)oint  was  taken  to  be  the  temperature  at 
which  the  quantity  of  crystalline  matter  was  obviously  increasing ; 
this  point  was  occasionally  a  few  tenths  of  a  degree  higher  than 
the  maximum  temperature  subsequently  attained. 


Phenol   and   i^-Toluidine. 

For  the  freezing  point   data  and  curve,  see  Table   VI  and   Fig.   8 
respectively  : 

Table   VI. 


Weight  of 

Weight  of 

Percentage  of 

Molecular 
percentage  of 
;>.toluidine. 

Kreezing 

pheuol. 

/?-toluidine. 

;>-toluidine. 

point. 

30-79 

0  00 

00 

00 

40-4' 

29-52 

1-98 

63 

5-6 

35-5 

)i 

4-35 

12-8 

11-6 

29  0 

>) 

6-12 

17-2 

15-4 

23-6 

24-29 

6-44 

210 

18-9 

18-1 

>) 

7-61 

23-6 

21-4 

13-4 

}> 

9-38 

27-9 

25-3 

9-5 

t> 

11-40 

319 

29-2 

15-3 

»> 

13  33 

35-4 

32  6 

/20-4 
\l9-4 

23-53 

16-43 

41-1 

38-0 

/25  6 
\24-3 
/28  0 
\26-5 

19-84 

>» 

45-3 

42-1 

16-39 

>> 

600 

46-8 

/29  6 
t28  0 

14-61 

»» 

63-1 

49-8 

/300 
\28  5 

17-20 

24  25 

68-6 

65-3 

/28  8 
\27-5 
/27  0 
\26  0 

14-84 

i> 

62-8 

59-8 

11-94 

>» 

67-0 

64-1 

/24-8 
\23-7 

11-81 

27-82 

70-7 

68-0 

/20-6 
\19-7 
/'20-3 
\19» 

10-28 

•> 

72-7 

701 

11-96 

87-80 

76-7 

73-8 

28  9 

8  06 

.. 

82-8 

80-3 

30  5 

4-69 

88-8 

87-6 

35  9 

0  00 

100  0 

100-0 

42-8 

There  is  a  well-marked  intermediate  branch,  the  summit  of  which 
lies  at  28-5°  and  50  molecular  per  cent.,  this  corresponding  with  the 
combination  of  phenol  and  j»>toluidine  in  molecular  proportion.     The 
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•aUoiio  temperatures,  where  the  intermediate  branch  or  mound  cute 
the  two  ordinarj  hraoohee,  lie  at  8*0°  and  190^  and  the  euteotio 
Bizturea  contain  84  and  60  molecular  p^r  cent,  of  /^-toluidine 
reepeetively. 

The  peculiar  and  interesting  feature  of  ...e  .i.Lcrmediate  branch  is 
that  it  is  enveloped  by  another  curve,  with  a  summit  at  50  molecular 
per  oent.  and  30^  The  diagram  simply  expresses  the  fact  that  the 
eompound  of  phenol  and  p-toluidine  exists  in  two  modifications,  one 
of  which  freeiee  1  -5°  higher  than  the  other.  The  evidence  for  the 
tzittenoe  of  this  double  curve  will  be  best  appreciated   by  following 
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the  couiiiig  £nine?»is  for  a  mixture  which  wa«  found  to  have  two 
freeting  points,  as  shown  in  the  table  and  figure.  The  mixture,  for 
example,  containing  49*8  molecular  per  cent,  of  toluidine  was 
completely  melted  and  then  allowed  to  cool,  when  the  thermometer 
readings  at  intervals  of  a  minule  were  as  follows :  29*5°,  2915*',  28*8°, 
•52®,  28-24^  28-44°,  285°,  285°,  28-56°,  2914°,  29  4°,  29  58°  29  67°, 
id  so  on,  gradu%lly  up  to  30°.  When  this  mixture  began  to  crystallise, 
there  was  first  a  separation  of  glistening  pUtes,  and  a  corresponding 
slight  riee  of  temperature,  as  shown  above,  from  28 •2**  to  28*5°.  The 
thermomfltttt  Mted  for  a  minute  or  two  at  this  point,  but  presently 
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needles  made  their  appearance,  the  mixture  became  pasty,  and  the 
temperature  again  began  to  rise,  ultimately  reaching  30°.  These 
phenomena  were  regularly  observed  for  all  the  mixtures  represented 
on  the  diagram  as  having  two  freezing  points  (except  the  mixtures 
with  680  and  70*1  molecular  per  cent,  of  toluidine,  where  the  lower 
values  are  eutectic  points).  In  some  cases,  the  temperature  actually 
fell  a  little  between  the  first  rise  and  the  second. 

Tt  has  been  mentioned  that  the  lower  and  higher  freezing  points 
are  apparently  associated  with  the  crystallisation  of  plates  and 
needles  respectively.  These  were  obtained  in  a  more  definite  form 
by  taking  a  solid  mixture  of  phenol  and  ;?-toluidine  in  approximately 
molecular  proportions  and  crystallising  from  petroleum  ether.  Well- 
formed,  lustrous,  hexagonal  plates  separated  out,  were  filtered  off 
and  dried  on  porous  tile.  After  an  hour  or  two,  the  plates  had  become 
opaque,  and  were  converted,  at  least  to  a  considerable  extent,  into  needle- 
shaped  crystals.  The  latter  product  was  melted,  and  on  cooling  gave 
two  freezing  points,  28*9°  and  30-5°,  values  slightly  higher  than  the 
summits  shown  in  the  diagram.  The  lower  point,  28*9°,  could  be 
avoided  by  inoculating  the  liquid  with  the  acicular  crystals  and  cooling 
slowly ;  this  is  shown  by  the  following  readings  of  the  thermometer, 
taken  at  intervals  of  a  minute  after  the  addition  of  the  acicular 
crystals  :  3072°,  30'6°  30-5°,  30-4°,  30-3°,  30-2°,  30-14°,  30-1°,  30-05°, 
30-02°,  30-12°,  30-23°,  30-31°,  3037°,  30-45°,  30-5°.  These  acicular 
crystals  are  evidently  the  stable  form  of  the  compound  under  the  above 
conditions,  and  it  was  in  this  form  that  the  substance  was  obtained  by 
Dyson  {loo.  cit.),  who  gives  its  melting  point  as  31-1°.  The  plates 
have  only  a  transient  existence,  and  are  readily  converted  into  the 
more  stable  needles.  That  the  plates  are  formed  at  all  is  probably 
due  to  the  greater  rapidity  with  which  they  tend  to  get  into  equilibrium 
with  the  surrounding  medium ;  in  other  words,  the  plates  crystallise 
from  supersaturated  solutions  with  a  greater  velocity  than  the  needles. 
A  somewhat  similar  behaviour  is  exhibited  by  potassium  nitrate,  which, 
according  to  a  paper  just  published  (Jafft5,  Zeit.  phyaikal.  Chsm.^  1903, 
43,  575),  is  often  spontaneously  deposited  from  supersaturated  solutions 
in  a  metastable  form.  That  monotropic  substances  are  met  with  at 
all  is  due  to  the  influence  of  a  similar  tend^ticy  (compare  Ostwald, 
Lehrhuch,  2,  [ii],   784). 

From  the  form  of  the  freezing  point  curve  for  phenol  and  p-toluidine, 
it  follows  that  mixtures  containing  0 — 24  molecular  per  cent,  of  the 
bnse  should  give  crystals  of  phenol  at  the  commencement  of  solidi- 
fication, mixtures  with  24 — 69  molecular  per  cent,  should  deposit 
crystals  of  the  compound,  whilst  those  with  69 — 100  molecular  per 
cent,  should  furnish  /;-toluidino.  Tliese  conclusions  were  tested  by  the 
analysis  of  th^  crystals   separating  from  three   paixtures  coptainiog 
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rMpeotiTely  32  8,  66*5,  and  70  6  molecular  per  cent,  of  ;>  tohiidino. 
The  first  two  luiztnrefl,  although  differing  widely  in  comi>osition,  nre 
both  comprised  within  the  limits  of  the  intermediate  mound,  and  in 
looordaDce  with  the  foregoing  view  the  crystals  separating  from 
them  contained  respectively  6*5  and  6*9  per  cent,  of  nitrogen  (the 
molecular  compound  should  contain  6*96  per  cent.).  The  crystals 
separating  from  the  third  mixture,  which,  although  differing  only 
slightly  in  composition  from  the  second,  wan,  however,  separated 
from  it  by  a  eutectic  point,  were  found  to  contain  11*9  per  cent,  of 
nitrogen  (|htoluidine  contains  13*1  per  cent.).  The  crystals  were 
separated  from  the  mother  liquor  simply  by  filtration  and  draining  on 
porous  tile,  recrystallisation  not  being  permissible. 

a-yapfUhol  and  ^Toluidiiie. 
The  corresponding  curve  is  shown  in  Fig.  9  (p.  832). 


Table  VII. 


Wricht  of 

Weight  of 

Percentage  of 

Molecular 

percentage  of 

toluidino. 

'     Freezing 

MihthoL 

toluidino. 

toluidine. 

point 

1701 

0-00 

0-0 

0  0 

93  ^^ 

tt 

0-91 

51 

67 

89  9 

,) 

3-35 

16-4 

20-9 

78-2 

It 

6-31 

27  0 

33-3 

62-5 

11  40 

7  05 

38-2 

45-4 

53-1 

»i 

869 

433 

50-6 

63-6 

>> 

10-86 

48-8 

56-2 

52-6 

11 

1361 

54-4 

61-6 

50  1 

11-30 

18  38 

61-9 

68-6 

44-6 

970 

<> 

65-5 

718 

41-4 

■     7-01 

>« 

72-4 

77-9 

r341 

130  a 

m      7-87 

26-51 

771 

81-9 

30-5 

6-02 

,, 

84-1 

877 

35-4 

2-83 

i> 

91-9 

93-9 

397 

0  00 

1* 

1000 

100-0 

43-1 

The  curve  has  a  summit  at  50  molecular  per  cent,  and  53*7°,  and 
thus  demonstrate  the  existence  of  a  compound  containing  a  molecular 
proportion  of  eacli  constituent.  The  eutectic  temperatures  on  either 
side  of  the  mound  are  50*2°  and  30*3°,  and  the  eutectic  mixtures 
contain  40  and  81  molecular  per  cent,  of  ;>>toluidine  respectively.  The 
percentage  of  nitrogen  in  the  crystals  first  separating  from  the  mixture 
containing  68*6  molecular  per  cent,  of  toluidhie  was  determined  as  in 
the  other  cases,  and  found  to  agree  very  closely  with  the  value 
required  for  the  molecular  compound. 
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P/ienol  and  Picric  Acid. 

The  freezing  point  curves  for  mixtures  of  picric  acid  with  benzene 
and  with  a-  and  /S-naphthols  have  been  already  studied  by  Kuriloff 
(loc.  cit.).  According  to  Godike  {Ber.,  1893,  26,  3042),  picric  acid  unites 
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with  phenol  in  the  proportion  of  1  mol.  of  phenol  to  2  mols.  of  picrio 
acid,  and  it  seemed  interesting  to  ascertain  whether  this  statement  was 
corroborated  by  the  freezing  points,  and  whether  a  curve  could  be 
obtained  with  a  maximum,  not  at  50  molecular  per  cent,  as  in  the 
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inajoritj  of  eases  hitherto  investigated,  but  at  66  molecular  per  cent, 
of  picric  acid.  In  the  present  investigation,  phenol  and  ure*  had 
famished  the  only  case  in  which  the  m&zimum  was  not  situated  at 
60  mdeonlar  per  cent 

The  freeiing  point  data  and  curve  for  mixtures  containing  0 — 74*5 
BMUeeular  per  cent,  of  picric  acid  are  given  in  Table  VIll.  and  Fig.  10 
(pw  834)  respectively. 

Table  VIII. 


Weight  of 

Weight  of 

Percentage  of 

Molecular 

percentage  of 

picric  acid. 

Freezing 

phenol. 

picric  acid 

picric  acid. 

point 

1804 

1-41 

9-8 

4-3 

37-6' 

>» 

2-6» 

16-6 

7-5 

44  2 

t» 

3*89 

23  0 

10-9 

66  0 

io-«s 

586 

33-5 

171 

66-4 

ft 

9-»6 

48-4 

27-8 

76-2 

«t 

11-84 

62-7 

31  4 

77-5 

e-52 

9-93 

60-4 

38-5 

80-9 

(t 

1211 

65-0 

43  3 

82-8 

4-82 

12-82 

71-9 

61-2 

83  0 

7-05 

21-83 

75-6 

66-0 

/81-6 

\80-6 

84-2 

6S7 

80-3 

62  6 

4-02 

84-5 

691 

91-8 

3  06 

87-7 

74-5 

i      ''■' 

There  is  a  well-marked  summit,  not,  however,  at  66  molecular  per 
cent,  of  picric  acid,  but  with  the  constituents  in  molecular  proportion, 
the  summit  temperature  being  831°.  The  eutectic  temperatures  are 
36°  and  80-6°,  and  the  eutectic  mixtures  contain  6  and  58  molecular 
per  cent,  of  picric  acid  respectively.  According  to  the  curve,  crystals 
of  the  molecular  compound  should  separate  from  mixtures  containing 
between  6  and  58  molecular  per  cent,  of  picric  acid.  The  bright 
yellow  needles  separating  from  a  mixture  containing  12*1  molecular 
per  cent,  of  picric  acid  were  found  to  contain  12*97  per  cent,  of 
nitrogen,  whilst  the  molecular  compound  should  contain  13*0  per  cent. 
Again,  the  crystals  separating  from  the  mixture  with  10*9  molecular 
per  cent  of  picric  acid  were  found  to  melt  at  84 — 85°  which 
practically  coincides  with  the  summif  mi  the  intermediate  branch. 

There  is  therefore  no  evidence  from  the  freezing  point  curve  in 
favour  of  the  existence  of  Godike's  compound  (m.  p.  53°)  of  phenol 
and  picric  acid,  for  there  is  no  trace  of  a  summit  at  66  molecular  per 
cent,  of  picric  acid.  The  compound  the  existence  of  which  is  shown 
by  the  freezing  point  curve,  and  which  has  been  further  defined  by 
analysis,  contains  one  molecule  of  each  constituent.     The  crystals  of 
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this  compound  lose  phenol  on  exposure,  and  the  point  of  complete 
liquefaction  of  the  exposed  crystals  gradually  rises  to  the  melting 
point  of  picric  acid.  An  attempt  was  made  to  recrystallise  the 
compound  from  alcohol,  but  from  this  solvent  well-developed  crystals 
of  picric  acid  were  deposited,  melting  at  120°. 
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Molecular  percentage  of  picric  add. 

Phenol Picric  acid. 

Fio.  10. 

The  freezing  point  curves  for  phenol  and  picric  acid,  and  also  for 
several  of  the  foregoing  mixtures  confirm  lloozeboom's  rule  that  of 
the  two  portions  of  an  intermediate  branch  on  either  side  of  the  summit 
the  longer  is  that  which  is  situated  next  to  the  more  fusible  constituent. 

RUYAL  COLLEOK  OF  SciBNCR,    LoNDUN, 

South  Kensington,  S.W. 
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LXXXV. — Sulphocamphylic  Acid  and   the  Isomer ic  a- 
and  ff'Camphylic  Acids. 

By  W.  H.  Perkin,  jun. 

Ore  of  the  most  characteristic  properties  of  camphoric  acid  is  the 
decomposition  which  this  acid  UDdergoes  on  heating  with  sulphuric  acid 
when,  as  Walter  first  showed  (Ann.  Chim.  Phya.,  1843,  [iii],  9,  177),  it 
is  converted  into  sulphocamphjlic  acid  according  to  the  equation 
C,oH,jO^  +  HjSO^«C9H,^S05  +  CO  +  2H.p.  Although  this  sulphonic 
acid  has  been  known  for  many  years  and  is  so  readily  prepared, 
it  is  remarkable  that  even  at  the  present  time  its  constitution  is 
not  at  all  understood.  A  careful  examination  of  its  derivatives  has 
proved  conclusively  that  it  is  a  dibasic  acid  having  the  formula 
CgH,,(S0,H)-C02H,  since  it  yields  the  dimethyl  salt 
C8Hij(S03Me)-CO,Me  (Koenigs  and  Meyer,  Ber.,  1894,  27,  3467)  and 
a  sulphochloride,  C8Hi,(S02Cl)-C02H  (Perkin,  Trans.,  1898,  73,  823). 
A  decomposition  which  is  of  importance,  especially  in  connection 
with  the  present  paper,  is  the  behaviour  of  the  crystalline  acid 
(CjHj^SO^HjO)  when  heated  or  distilled  in  superheated  steam,  when  it 
is  decomposed  into  )3  campholybic  acid  (t^olauronolic  acid)  and  sulphuric 
acid,  C,Hi^S0j^,H20  =  CgHi3-C02H  +  HgSO^.  Furthermore,  this  reaction 
is  reversible,  since  sulphocamphylic  acid  is  produced  quantitatively 
when  )3-campholytic  acid  is  warmed  at  75°  with  sulphuric  acid  (Perkin, 
Trans.,  1898,  73,  835). 

Since  /3-campholytic  acid  is  inactive  and  the  sulphocamphylic  acid 
obtained  from  camphoric  acid  is  also  inactive,  it  is  exceedingly  probable 
that,  in  the  formation  of  this  sulphonic  acid  from  the  strongly 
dextrorotatory  camphoric  acid,  the  first  change  is  the  conversion  of 
the  latter  into  j3-camphoIytic  acid,  which  then  dissolves  in  the  sulphuric 
acid,  forming  sulphocamphylic  acid. 

This  view  receives  support  from  the  observation,  first  made  by  Blanc 
(BulL  Soe.  ehim.,  1896,  [iii],  15,  1191),  that  camphoric  anhydride,  when 
treated  with  aluminium  chloride,  is  converted  into  ^-campholytic  acid 
with  evolution  of  carbonic  oxide,  Cj^^Hj^Og  =■  CgHj^Oj  +  CO,  a  change 
which  is  closely  allied  to  that  which  takes  place  when  camphoric  acid 
is  treated  with  sulphuric  acid. 

The  proof  of  the  close  relationship  existing  between  /3-campholytic 
acid  and  sulphocamphylic  acid  is  of  great  importance  because,  if  the 
constitution  of  the  former  is  established,  it  should  not  be  a  difficult 
matter  to  construct  a  constitutional  formula  for  sulphocamphylic  acid. 
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It  is  now  generally  supposed  that  the  constitution  of  /3-campholytic 
acid  is  represented  as  follows  : 

CMe       , 


CHg-iJ-COgH 


the  principal  arguments  in  favour  of  this  formula  being  the  fact  that 
the  acid  is  inactive,  and  that  when  oxidised  by  nitric  acicJ  it  yields 
dimethylhexanonic  acid  and  oa-dimethylglutaric  acid  : 

CHo-CMeg  CH2-CMe2 


I     A 


OMe  and  |        CO2H 


CH2-C02H  CHg-  O2H 

Furthermore,  yS-camphylic  acid  combines  with  hydrogen  bromide,  and 
the  resulting  acid,  when  treated  with  baryta,  is  converted  into  hydroxy- 
dihydrocampholytic  acid,  which  is  an  a-hydroxy-acid  because,  on 
oxidation  with  lead  peroxide,  it  is  converted  into  the  corresponding 
ketone : 

CH2-C]\re2  CH2-CMe2  CH2-(jJMe2 

I        CHMe  — >       I        CHMe  — ^       |       CHMe  , 

CHg-CBr-COoH  aH2-C(OH)-C02H  CHa-io 

and  since  thia  ketone  is  also  formed  when  the  calcium  salt  of 
a^SyStrimethylaflipic  acid,  C02H-CHMe-CMe2-CH2-CH2-C02H,  is  dis- 
tilled, there  can  be  no  doubt  as  to  its  constitution  (Noyes,  Ber.^  1900, 
33,  54;  Blaise  and  Blanc,  Bull.  Soc.  chim.,  1902,  [iii],  27,  71). 

Assuming,  then,  that  the  constitution  thus  assigned  to  ^-campholytic 
acid  is  correct,  it  is  important  to  consider  next  the  nature  of  the  change 
which  takes  place  when  this  acid  is  converted  into  sulphocamphylic 
acid  according  to  the  equation  : 

Cgllig-COgH  +  H2SO4  =  C8Hi,(S03H)-C02H  +  HgO. 

For  the  sake  of  convenience,  it  may  be  assumed  that  this  change 
takes  place  in  two  stages,  the  sulphuric  acid  in  the  first  place  com" 
bining  directly  with  the  ^-camphol)'tic  acid,  and  water  being  then 
eliminated  with  formation  of  sulphocamphylic  acid. 

The  direct  addition  of  sulphuric  acid  to  the  double  linking  in 
)3-cnmpholytic  acid  may  take  place  in  two  different  directions  and  give 
rise  to  the  two  formuloB  :  * 

CHj-CjJMea  CH,-(j3Me, 

I       C(Me)-S03H  I       C(OH)Me 

t;U2-C(()H)-C()2H  CH,-C(S0j,H)-C02U 
I.  II.* 

*  For  H  long  lime,  it  was  assumod  that  Kulphocaniphylio  acid  had  the  composition 
C^HigSOf,  which  would  rorrespond  to  the  above  formula,  one  reasou  beiug  that  Che 
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The  difficulty  now  arising  is  to  distinguish  between  these  two 
possibilities,  and  it  appears  to  the  author  that  the  consideration  of  the 
second  stage  of  the  reaction — namely,  the  elimination  of  water — 
supplies  a  means  for  doing  this. 

The  elimination  of  water  from  formula  II  may  take  place  in  two 
different  ways,  which  may  be  thus  represented : 

CH-CjJMe,  CHj-CjJMej 

P^Me  I  ^/CMe 

i;H,-C(S0,H)-C02H  CH-C(S03H)-C08H 

That  the  methyl  groups  cannot  take  any  part  in  this  change  is 
shown  by  the  fact  that  sulphocamphylic  acid,  on  heating,  yields 
^•campholytic  acid,  which  contains  three  methyl  groups.  Apart,  then, 
from  the  very  doubtful  possibility  of  fundamental  intramolecular 
change,  the  elimination  of  water  can  only  take  place  in  the  ways 
represented  above.  But  the  two  formulae  so  obtained  represent 
saturated  acids,  and  sulphocamphylic  acid  is  unsaturated,  therefore 
neither  of  these  configurations  can  be  correct,  and  it  is  thus  proved 
that  formula  II  cannot  represent  the  product  of  the  addition  of 
sulphuric  acid  to  )3-camphylic  acid. 

The  question  which  at  once  arises  is  whether  formula  I  leads  to  an 
expression  for  sulphocamphylic  acid  which  is  in  accordance  with  the 
facts? 

If  water  is  eliminated  in  the  usual  way,  we  obtain  the  following : 


CH^-CjJMe^ 

I         C(Me)-S03H. 
6'( 


CH=CC02H 

This  represents  sulphocamphylic  acid  as  an  unsaturated  acid  and 
explains  many  of  its  decompositions,  and  especially  the  formation  and 
properties  of  the  camphylic  acids  described  in  this  paper.  On  the 
other  hand,  one,  at  least,  of  the  reactions  of  sulphocamphylic  acid  is 
difficult  to  explain  with  the  aid  of  this  or,  indeed,  of  any  other  formula 
derived  from  /3-campholytic  acid. 

Kachler  (Annaien,  1873,  169,  181)  showed  that  sulphocamphylic 
acid,  when  oxidised  by  nitric  acid,  yields  sulphopimelic  acid  and  oxalic 
acid,  CjHi.SOj  +  60  =  C7Hi2S07  +  CjH^O,. 

Koenigs  and   Hoerlin  (Ber.,  1893,  26,   2045),  in  the  course  of  a 

[crystalliDe  acid,  CyHjfSO^SH^O,  on  heating,  loses  two  molecules  of  water  much 
>rt  readily  than  the  third.  Since,  however,  the  author  has  shown  (Trans.,  1899, 
lb,  175)  that  the  crystallised  dftd,  when  dissolved  in  water  and  neutralised  with 
ium  carbonate,  is  instantly  oxidised  by  permanganate  at  0",  it  follows  that  it 
lust  exist  in  aqueous  solution  as  the  unsaturated  acid,  CgHi4S09,  and  not  in  the 
iturated  form,  C^Hj^O^ 
VOL.   LXXXIII.  3    K 
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careful  examination  of  this  sulphopimelic  acid,  showed  that,  when 
heated  at  160 — 170^,  it  is  decomposed  with  formation  of  sulphur 
dioxide  and  terebic  acid,  a  decomposition  which  they  formulate  thus  : 

Me2C-CH(C02H)-CH2-C02H 


5O3H 


Me2V>CH(C02H).9H2    ^   ^^^  ^   ^^^ 


O CO 


It  is,  however,  hardly  possible  that  the  sulphonic  group  in  sulpho- 
camphylic  acid  can  be  attached  to  the  ^-CMe.^  group,  because,  if  this  were 
so,  the  acid  would  of  necessity  be  an  open  chain  compound.  It  appears  to 
the  author  that  the  constitution  of  sulphopimelic  acid  and  its  conversion 
into  terebic  acid  may,  more  probably,  be  represented  thus : 

Me2CH-C(S03H)(C02H)-CH2-C02H  — > 

Sulphopimelic  acid. 

Mefi  =  C(C02H)-CH2-C02H. 
Teraconic  acid. 

Me2C-CH(C02H)-CH2 

-^  6 CO 

Terebic  acid. 

This  view  as  to  the  position  of  the  sulphonic  group  in  sulphocam- 
phylic  acid  is  further  borne  out  by  the  highly  important  observation  of 
Koenigs  and  Hoerlin  that  dimethylmalonic  acid,  Me2C(C02H)2,  is  also 
formed  when  sulphocamphylic  acid  is  oxidised  with  nitric  acid.  From 
this,  it  follows  that  the  formula  of  sulphocamphylic  acid  must  contain 
the  grouping  C*CMe2'C,  and  it  will  be  noticed  that  this  grouping 
exists  in  the  formula  for  this  acid  suggested  on  p.  837. 

During  the  course  of  a  long  investigation  of  sulphocamphylic  acid 
on  which  the  author  has  been  engaged  for  several  years,  one  of  the 
decompositions  of  this  acid  which  has  been  most  carefully  studied  is  its 
behaviour  on  fusion  with  caustic  potash  or  soda. 

Kachler  (Annalen,  1872,  169,  183),  who  first  investigated  this 
reaction,  found  that,  when  fused  with  caustic  potash,  sulphocamphylic 
acid  yields  a  substance,  CgHjgOj,  which  melts  at  148°.  There  can  be 
no  doubt  that  this  substance  is  identical  with  the  a-camphylic  acid 
described  in  this  present  paper,  and  the  discovery  of  this  acid  is  there- 
fore due  to  Kachler.  At  a  later  date,  Damsky  (Ber.,  1887,  20,  2957) 
repeated  Kachler's  work,  but  was  unable  to  isolate  the  substance 
meltiog  at  148°.  In  the  place  of  this,  however,  he  describes  the 
formation  of  an  isomeric  acid,  which  he  does  not  appear  to  have 
purified  by  recrystallisation,  and  to  which  he  gives  the  melting  point 
90°.  The  author  has  repeated  Damsky's  work,  and  finds  that,  under 
the  conditions  which  he  employs,  the  product  is  always  a  mixture  of 
the  isomeric  camphylic  acids,  and  there  can  therefore  be  no  doubt  that 
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1  ■  a  I  ut  tlie  resullM 

iiophylio   acid  on 
tusion  with  alkali  ribed  by  the  author.     In  the 

previous  communu-iiuMi   ^U<iii>..    i^.^^,  73,  829),  it  waa  shown  that 
when  Bulphocamphjiic  acid  is  fufod  with  caustic  soda  in  a  cast  iron 
1   the   principal   product  of   the  reaction    ia  isolauronolio  acid 
.>  ..impholytic  acid). 
IM'  explanation  of  this  curious  result  seems  to  be  that  the  sodium 
hylic  acids  are  first  formed,  CgH„(SOgNa)*CX),Na + 
,    , ,     '  ►,Na  +  NajSOj  +  H,0,  and  that  at  240°,  the  tempera- 
ture of  the  melt,  these  salts  are  reduced  by  the  iron  of  the  vessel  with 
formation  of  the  sodium  salt  of  y3-campholytic  acid,  C8Hjj*CX)2Na  + 
211 «  CgHjj'COjNa.     This  reaction  will  be  discussed  later  in  connection 
with  the  behaviour  of  the  camphylic  acids  on  reduction  (pp.  853  and 
868). 

The  results  of  the  present  investigation  have  also,  in  some  cases, 

been  briefly  described  in  several  abstracts  in  the  Proceedings  (1892, 

1^55,  68;  1893,   109;  1895,  23;  1896,  189),  but  a  detailed  description 

^Hof  the  work  has  always  been  postponed  on  account  of  the  difficulty  of 

^Hnnderstanding  the  constitution  of    the  various  substances   obtained. 

^■Lately,  the  whole  matter  has  been  thoroughly  revised,  and,  although 

^^Hihe   difficulty   of    understanding   the   results   is   not  yet   completely 

removed,  it  was  thought  better  to  publish  the  work  in  its  present  form 

80  that  it  may  be  open  for  discussion. 

*When  sulphocamphylic  acid  is  fused  with  caustic  soda  in  a  nickel 
^     basin,  the  reduction  mentioned  above  is  avoided,  and  the  principal 
g      product  of  the  reaction  is  invariably  a  mixture  of  a-camphylic  acid 
^L(m.  p.  148°)  and  ^-camphylic  acid  (m.  p.  104°),  both  of  which  have  the 
^■formula  CgHjj'COjH.     At  the  same   time,  small  quantities  of  a-di- 
camphylic  acid,  C,gHjj(C02H)2  (m.  p.  230°),  oa-dimethylsuccinic  acid, 
jH'CMej'CHg'COjH,  and  other  substances  are  also  formed. 
The   separation   of    the   camphylic   acids,  which  is   attended   with 
unusual  difficulties,  is  described  in  detail  in  the  experimental  part  of 
this  paper  (p.  847). 

a-Camphylic  Acid, 

Taking  a-camphylic  acid  first,  the  following  is  a  brief  summary  of 

its  chief  properties.     It  is  a  feeble    monobasic  acid,  the  ammonium 

salt  of  which  readily  dissociates  when  its  aqueous  solution  is  boiled, 

but  its  true  acid  nature  is  clearly  proved  by  the   preparation  of  the 

[add  chloride,    CjHu'COCl,   tihyl  eater,    CgHn'COjEt,    and    anilide, 

JjHjj'CO'NH-C^H^,   and  therefore  the  view  expressed  by  Damsky 

[loc,  cU.,  p.  2965)  that  Kachler's  substance  melting  at  148°,  and  which 

i-camphylic   acid,  did   not   show  the   properties   of   an  acid  is 

Incorrect. 
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a-Campbylic  acid  combines  with  hydrogen  bromide  at  the  ordinary 
temperature,  yielding  a-camphylic  acid  dihydrohromide,  CgHjjBrg'COgH, 
a  beautifully  crystalline  substance  which  melts  at  152°,  and,  when 
boiled  with  dilute  alkalis,  is  decomposed  into  its  constituents.  When 
bromine  acts  on  a-camphylic  acid  in  the  dark,  addition  takes  place, 
and  dibroinodihydro-a-camphylic  acid,  CgHjjBrg'COgH  (m.  p.  165 — 170*^), 
is  formed,  but  in  sunlight  substitution  also  takes  place  and  tribromO' 
di/iydroa-camphylic  acid,  CgHjoBrg'COgH  (m.  p.  178°),  is  produced. 
When  the  former  substance  is  digested  with  acetic  acid,  hydrogen 
bromide  is  eliminated  and  monobromo  a-camphylic  acid,  CgHjoBr'COgH 
(m.  p.  107°),  is  formed.  a-Camphylic  acid  also  exhibits  the  properties 
of  an  unsaturated  acid  in  its  behaviour  with  permanganate,  which  it 
instantly  reduces,  and  when  oxidised  by  this  reagent  at  0°  it  is  con- 
verted into  an  acid,  CgHj^O^  (m.  p.  145°),  which  is  probably  a  trihydr- 
oxy-a-camphylic  acid  having  the  formula  CgHjQ(OH)3*C02H. 

This  acid  is  further  oxidised  by  potassium  dichromate  and  sulphuric 
acid,  yielding  a  new  acid,  CgH^oOg,  a  possible  constitution  for  which  is 
given  on  p.  858.  a-Camphylic  acid  is  reduced  by  sodium  amalgam 
with  difficulty,  and  is  converted  into  an  acid,  CgHig'COjH,  which  boils 
at  162°  (45  mm.),  and  the  investigation  of  which  clearly  proves  that  it 
is  the  inactive  modification  of  a-campholytic  acid.  The  a-campholytic 
acid,  which  was  first  obtained  by  Walker  (Trans.,  1893,  63,  498)  by 
the  electrolysis  of  the  potassium  salt  of  orthoethyl  camphorate,  is 
optically  active,*  and  combines  with  hydrogen  bromide  to  form  bromo- 
dihydro-a-campholytic  acid  (m.  p.  98 — 100°). 

It  possesses  the  highly  characteristic  property  that,  when  digested 
with  dilute  sulphuric  acid,  it  is  converted  into  )3-campholytic  acid  (iso- 
lauronolic  acid)  by  a  change  which  is  supposed  to  be  due  to  the 
wandering  of  a  methyl  group,  and  to  be  similar  to  the  transformation 
of  pinacone  into  pinacoline  (Lapworth,  Report  of  the  Meeting  of  the 
British  Association,  Bradford,  1900,  p.  299)  : 

Me(OH).CMe  Me-CMe, 

(OH)CMej^  OCMe 

OHzzcpMe  ^  CHj-(jJMej 

I        CMe;^  -^  I       CMe 

CHg-CH-COjH  UHa-C-COjH 

a>CamphoIytic  acid.  3-CaiupholyUc  acid. 

The  reasons  for  assigning  the  above  formula  to  )3-€ampholytio  acid 
have  already  been  given  (p.  836).  That  the  constitution  of  a-campho- 
lytic acid  is  that  represented  here  was  rendered  probable  by  the  fact 
that  the  acid,  on  oxidation,  yields  principally  dimethyltricarballylic 
acid  : 

•  [«]d=  -5\ 
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CO,H 


CMe^ 
;H, CH-CO,H 


CH=CMe 

The  change  from  a-  to  /9-camphylic  acid  is  'also  aocompaDied  by  a 
loM  of  activity,  which  is  expressed  by  the  fact  that  the  formula  of  the 
a-acid  coDtiins  an  asymmetrical  carbon  atom,  whereas  that  of  the 
/?-acid  does  not.  The  inactive  acid,  obtained  from  a-camphylic  acid  by 
roduction,  possesses  all  the  chemical  properties  of  Walker's  a-campho- 
lytio  acid,  the  fact  that  it  is  converted  into  /3-canipholytic  acid  on 
boiling  with  dilute  sulphuric  acid  being  especially  noteworthy  ;  it 
must  therefore  be  regarded  as  the  inactive  modification  of  a-campho- 
lytic  acid.  This  same  inactive  a-campholytic  acid  has  recently  been 
prepared  synthetically  by  Perkin  and  Thorpe  (Proc,  1903,  19,  57)  by  a 
process  which  leaves  no  doubt  that  the  coDstitution  given  to  this  acid 
above  is  correct.  A  point  of  considerable  interest,  which  has  been 
observed  in  experimenting  on  the  relationship  existing  l)etween  a-cam- 
phylic  acid  and  j8  campholy tic  acid,  is  that  the  former  may  be  obtained 
from  the  latter,  not  only  through  the  intermediate  step  (sulphocam- 
ihylic  acid),  but  also  in  the  following  way. 

When  ethyl  /3-campholytate,  CgHjj'COgEt,  is  treated  with  bromine, 

is  converted  by  addition  into  ethyl  dibromodihydro-^campboiytate, 

.Hj^Brj'COjEt.  If  this  dibromo-ester  is  digested  with  diethylaniline, 
ises  2  molecules  of  hydrogen  bromide,  and  an  ester,  CgHj^'COjEt, 

formed,  which  is  ethyl  a-camphylate,  since,  on  hydrolysis,  it  yields 
imphylic  acid  melting  at  148°. 

This  result  not  only  shows  the  close  relationship  existing  between 
kmphylic  acid  and  /3-campholytic  acid,  but  it  also  affords  a  means  of 

mverting  /8-campho lytic  acid  into  a-campholytic  acid,  as  is  shown  by 

le  following  scheme : 

CgH,  j-COjEt  +  Br,  -  CgHisBr./CO^Et 

Ethyl  /S  campholytate.  Ethyl  dibromodihydro- 

i8-c.impholytate. 


CgHji'COjEt 

Ethyl  a-camphylate. 


Hydrolysis 


Si^"^"' 


CgH,,-CU,U 
a-Camphylic  acid. 


^' 


.o<'"" 


C,H„-CO,H 

••Campholytic  acid. 


842  PERKIN  :   SULPHOCAMPHYLIC   ACID   AND   THE 

It  was  mentioned  on  p.  840  that  a-campholytic  acid,  when  boiled 
with  dilute  sulphuric  acid,  is  converted  into  y3-campholjtic  acid,  the 
change  being  accompanied  by  the  wandering  of  a  methyl  group. 

Since  )8-campholytic  acid  can  be  converted  into  a-campholytic  acid 
by  the  above  scheme,  it  appears  that  the  methyl  group  is  also  able  to 
wander  in  the  reverse  direction,  the  two  changes  being,  in  fact,  very 
similar  to  an  ordinary  case  of  tautomerism.  It  is  because  of  the 
occurrence  of  intramolecular  changes  such  as  these  that  it  has  been 
found  so  difficult  to  determine  with  certainty  the  constitution,  not  only 
of  the  acids  described  in  the  present  paper,  but  also  of  other  sub- 
stances belonging  to  the  camphor  group. 


The  Constitution  of  a-Camphylic  Acid. 

Two  methods  of  formation  of  a-camphylic  acid  are  known,  both  of 
which  confirm  the  same  view  as  to  the  constitution  of  this  acid.  The 
first  of  these  is  the  conversion  of  sulphocamphylic  acid  into  the  a-  and 
)8-camphylic  acids  by  fusion  with  caustic  soda,  a  decomposition  which, 
in  the  author's  opinion,  may  be  expressed  in  the  following  way  : 

CH2-(j?Me2  CH2--(pMe2 

I         CMe-SOgH  — >              I         CMe-OH. 

CHizi-COgH  CH^iA-COjH 

Sulphocamphylic  acid.  Intermediate  substance.* 


CH— CMe2  CH2--(jJ 


Me, 


I         CMe  and  |  _^CMe 

CH=6-002H  CnzzC-COjH 

o-Camphylic  acid.  /3-Camphylic  acid. 

The  second  method  of  formation  of  a-camphylic  acid  is  the  conversion 
of  ethyl  yS-campholytate  into  ethyl  dibromodihydro-^-campholytate  and 
subsequent  removal  of  two  molecules  of  hydrogen  bromide  by  boiling 
with  diethylaniline  (p.  861). 


CHj-CMeg  CHj-CjJMej  CH— (jJM 

I       CMe  — ^         I       CMeBr  —>         I        CM 

=:C 


CHj-C-COgEt  CHj-CBr-COjEt  CH=:C-  CO,Et 

Kthyl  Ethyl  dibromodihydro-  Ethvl 

/3campholytate.  /8-campholytato.  «.camphyUte. 


*  It  is  interesting  to  note  that  a  considerable  quantity  of  water  \m  always  given 
off  when  the  dry  product  of  the  fusion  of  sulphocamphylic  acid  is  distilled.  This 
behaviour  seems  to  indicate  that  the  product  obtained  on  acidifying  the  melt  con- 
sists largely  of  this  intermediate  hydroxydihydrocamphyljc  acid  which,  then,  during 
the  subsequent  distillation,  decomposes  with  elimination  of  «>ater  and  formation  ol 
the  a-  and  /3-camphylic  acids. 
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The  formation  of  trimethjrlene  derivatives  in  this  way  is  not 
remarkable,  as  several  oaaes  very  similar  to  the  above  have  been 
observed  during  recent  years,  especially  in  the  terpene  Mries. 

a-Oamphylic  acid,  indeed,  behaves  as  though  it  were  unsaturated 
and,  at  the  same  time,  a  trimethylene  derivative ;  thus  bromine  adds 
iUelf  to  the  double  linking,  but,  as  is  so  frequently  the  case,  leaves  the 
trimethylene  ring  untouched.  The  constitution  of  dibromodihydrch 
^■^tm^jfiie  acid  and  of  the  other  dorivatives  obtained  by  the  action  of 


bromine  and  mention o) 


CHBriBrOOjH 

Dibromodihydro* 
••camphylic  add. 


851  may  therefore  be  thus  represented 
CBi — CMOj 


CH CMe,  CH-CMe, 

'  CMe  I  ^CMe 

CBrlA-COjH  CHBr- 

Bromo-  Tribromodihydro- 

a-camphylic  acid.  acAmphylic  acid. 

On  the  other  hand,  acamphylic  acid  combines  with  two  molecules  of 
hydrogen  bromide,  both  the  double  linking  and  the  trimethylene  ring 
taking  part  in  the  change  and  the  constitution  of  the  product  thus 
formed  is  therefore  probably  as  follows  : 

CHo— CMe, 


CMeBr 
CHBr-CHCOjH 

a-Camphylic  acid  dihydrobromide. 

although  the  positions  occupied  by  the  bromine  atoms  have  not,  as  yet 
been  proved. 

On  oxidation,  a-camphylic  acid  is  converted  into  a  monobasic  acid, 
JCjHj^Oj  (p.  855),  which  does  not  combine  with  hydroxylamine  and 
which,  since  it  has  all  the  properties  of  a  polybasic  bydroxy-acid,  is 
probably  a  trihydroxydihydro  a-camphylic  acid  having  the  formula 

C(OH) — (jJMej 
|~~^~~^CMe 
UH(OH)-C(OH)-CX)oH 

Lastly,  the  formation  of  acampholytic  acid  from  a-camphylic  acid  by 
reduction,  in  boiling  alkaline  solution,  with  excess  of  sodium  amalgam, 
may  be  represented  thus  : 


CIH--<jJM€ 


CH— CMe 


-s^^ 


^CMe 
OHj-CH-COjU 
lotihnediate  compound. 


CHi=(jJMe 
I  CMe, 
CHj-CH-COjH 

aCainpholytic  acid. 


CMe 
CH^rC-CO.H 
c-Camphylic  acid. 

Such  a  change  is,  of  course,   remarkable,  but  this  tendency  of  a 
[trimethylene  ring  compound,  under  certain  conditions,  to  undergo  intra- 
lolecular  change  into  the  corresponding  unsaturated  compound  has 
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been  observed  before.  Thus,  for  example,  carone,  when  heated,  is 
converted  into  A^-jt?-menthenone  : 

CHMe  CHMe 

CH ^        ^  C-CHMeg 

It  will  be  noticed  that,  if  such  a  change  is  assumed  to  take  place  in 
the  case  of  the  intermediate  compound  shown  above,  a  methyl  group 
must  wander  in  order  to  equalise  the  valencies. 


P-Camphylic  Acid. 

In  order  to  be  able  to  discuss  the  constitution  of  this  acid,  the 
following  summary  of  its  principal  properties  and  of  the  derivatives 
which  have  been  obtained  from  it  may  be  given. 

/?-Camphylic  acid,  CgHj^'COgH,  differs  sharply  in  some  of  its  reactions 
from  the  isomeric  a-acid  ;  thus,  for  example,  it  is  not  reduced,  even  on 
boiling  in  alkaline  solution,  with  a  large  excess  of  sodium  amalgam.* 
Again,  when  treated  with  hydrobromic  acid,  it  takes  up  only  one 
mol ecule of  hydrogen  bromide,  yielding iso6romoc?i%6?ro-^-camp/4yZtc«ci<i, 
CgHjgBr'COgH  (m.  p.  138°),  whereas  a-camphylic  acid,  under  exactly 
similar  conditions,  combines  with  two  molecules  of  hydrogen  bromide. 
This  i«obromodihydro-acid  of  melting  point  138°  is  isomeric  with  the 
bromodihydro-^-camphylic  acid  which  had  previously  been  obtained 
(Perkin,  Trans.,  1898,  73,  827)  from  sulphocamphylic  bromide  by 
the  action  of  heat,  C8Hi2(SO,>Br)'C02H  =  C8Hi2Br-COoH  +  S02,  and 
which  melts  at  128 — 129°.  The  latter  of  these  isomeric  acids,  when 
treated  with  alcoholic  potash,  is  decomposed  into  hydrogen  bromide 
and  )3-camphylic  acid.  A  different  behaviour  is  shown  by  the  wo- 
bromo-acid  which  melts  at  138°,  since,  when  digested  with  methyl- 
alcoholic  potash,  it  does  not  yield  /3-camphylic  acid,  but  is  converted, 
almost  quantitatively,  into  methoxi/dihydro-p-camphylic  acid  (m.  p.  94°). 

CgHioBr-COgH  -->  C8H,2(OMe)-CO.,H. 

*  In  ono  of  the  preliraiuary  notices  on  sulphocamphylic  acid  (Free,  1896,  190),  it 
was  stated  that  /3-camphylic  acid,  when  treated  with  sodium  amalgam,  yields  an 
acid  melting  at  130"  which  was  named  M0-/3-camphylic  acid  and  the  acid-chloride, 
ethyl  salt,  and  anilido  of  which  were  described,  as  also  the  products  obtained  by 
oxidising  it  with  permanganate.  Subsequent  investigation  has  shown  that  this  acid 
was  in  reality  /3-campholytic  acid.  Probably  the  specimen  of  /3-camphylic  acid 
used  in  these  experiments  had  been  prepared  by  fusing  sulphocamphylic  acid  with 
cau»tic  potash  or  soda  in  a  cast  iron  vessel  and  was  therefore  contaminated  with 
jS-campholytic  acid,  the  remarkable  formation  of  which,  by  the  reducing  action  of 
the  iron  of  the  vessel,  was  then  not  understood. 
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Id  iU  behaviour  with  bromine,  /9-caiiiphylio  acid  shows  the  closest 
similarity  to  the  a-acid.  It  is  readily  acted  on  by  bromine  with 
formation  of  dibromjodihydro-p-camphylic  acid,  CgHjjBrg'COjH  (m.  p. 
172^),  and  this,  when  boiled  with  glacial  acetic  acid,  or  treated  with 
alcoholic  potash,  is  oonyerted,  by  the  loss  of  one  molecule  of  hydrogen 
bromide,  mto  hromo-y^omphylie  acid,  CgH^oBvCO^H  (m.  p.  148 — 152°). 
^•Camphylio  acid  is  readily  oxidised  by  permanganate,  and  when 
the  operation  is  carried  out  at  0°  it  is  converted,  apparently  quanti- 
tatively, into  a  syrupy  acid  which,  on  analysis,  gives  numbers  agree- 
ing with  the  formula  C^Hj^Oj.  Since  this  acid  reacts  both  with 
phenylhydrazine  and  with  acetyl  chloride,  it  is  probably  a  keto- 
dihydrw^dikydro-Peamphylic  acid,  Q^Vi^^(OB)^{COYQO.j^.  The  most 
important  point  in  connection  with  this  acid  is  that,  on  further 
oxidation  with  potassium  dichromate,  it  yields  aja.-dimethyl succinic  acid, 
CX)5HCMe,CHj-C02H. 

ConstiltUion  of  pCamphylic  Acid. 

li.  u.-^w.-.^ing  the  formation  of  the  a-  and  )3-camphylic  acids  from 
sulphocamphylic  acid  by  fusion  with  caustic  soda,  two  possible  formulae 
were  given  for  these  acids,  and  the  following  was  selected  to  represent 
iphylic  acid  (p.  842) : 

CHj-(pMe2 
Me 


^a 


CO^H 


With  the  aid  of  this  expression  the  formation  of  the  syrupy  acid, 
CgHj^Oj,  by  oxidation  with  permanganate  and  the  subsequent  further 
oxidation  of  this  acid  to  dimethylsuccinic  acid  are  readily  understood 
and  may  be  formulated  thus : 

CHj-CMcj  CHj— CMe^ 

I       C(OH)-Me  — >  I  COjH. 

CX)-C(0H)-C02H  COgH 

Ketodihydrozydihydro-zS  camphylic  acid.  ao-Diraethylsuccinic  acid. 

It  is  obvious  that  an  acid  having  the  constitution  assigned  to 
a-oamphylic  acid  on  p.  842  could  not  yield  aa-dimethylsuccinic  acid  on 
oxidation. 

Again,  the  other  chief  points  of  difference  between  a-  and  )3-cam- 
phylic  acids  can  be  satisfactorily  explained  if  the  two  formulse  on 
p.  842  are  accepted  as  representing  these  two  acids. 

Thus,  a-camphylic  acid  combines  with  two  molecules  of  hydrogen 
bromide,  both  the  double  linking  and  the  trimethylene  ring  taking 
part  in  this  reaction  (p.  843),  whereas  /3-camphylic  acid  combines  with 
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only  one  molecule  of  hydrogen  bromide,  the  trimethylene  ring  remain- 
ing intact.  The  trimethylene  ring  varies  very  much  in  stability 
according  to  the  groups  attached  to  it,  but  a  ring  of  the  kind  repre- 
sented in  the  formula  of  a-camphylic  acid  is  always  readily  resolved 
by  the  action  of  hydrogen  bromide.  Thus,  for  example,  carone  is 
readily  acted  on  by  hydrogen  bromide  with  the  formation  of  S-bromo- 
menthanone : 


CH-Me  CHMe 

r /        ^  nw 


CH  /    ^( 


CH '         "  CH-CBrMeg 

On  the  other  hand,  the  three-carbon  or  cyc^opropene  ring  contained 

in  the  formula  of  j8-camphylic  acid  is  of  quite  a  different  nature,  and 

might    therefore    be   expected  to    show  great   differences  in  stability 

from    the  trimethylene   ring    in   a-caraphylic  acid.     Very  few  cydo- 

propene  derivatives  have  so  far  been  prepared,  but  among  these  the 

C'OO  H 
methylcyclop'openedicarboocylic  acid,  MeCH<^ii  p,^^^,    discovered    by 

0*00211 

Feist  (Ber.,  1893,  26,  750)  may  be  mentioned  because  it  contains  a 

three-carbon  grouping  similar  to  that  contained  in  the  above  formula 

of  )3-camphylic  acid. 

Like  the  latter  acid,  methyl c^/c^opropenedicarboxy lie  acid  combines 

with   two   atoms   of   bromine,    yielding    dibromomethyltrimethylene- 

dicarboxylic  acid,  MeCH<^V  p^^TT,  and  from  preliminary  experi- 
ments carried  out  by  the  author  it  appears  to  combine  with  only  one 
molecule  of  hydrogen  bromide.  Most  interesting  is  the  observation 
of  Feist,  that  it  is  not  reduced  by  sodium  amalgam  or  even  by 
treatment  with  sodium  in  boiling  woamyl-alcoholic  solution.  It  will 
be  remembered  that  one  of  the  most  remarkable  differences  between 
the  a-  and  )3-camphylic  acids  is  the  fact  that  the  former,  unlike  the 
latter,  is  reduced  by  boiling  with  sodium  amalgam  in  alkaline  solution. 
This  difference  finds  its  explanation  in  the  assumption  that  )3-camphylic 
acid  contains  the  c^c/opentene  ring  which,  apparently,  resists  reduc- 
tion in  a  remarkable  way.  The  other  derivatives  of  )3-camphylio  acid 
mentioned  in  this  paper  may  be  easily  formulated  with  the  aid  of  the 
above  expression  for  the  constitution  of  this  acid.  Thus  ^  camphylic 
acid  readily  combines  with  bromine,  and  the  resulting  dibromide  and 
the  bromo-y-campbylic  acid  *  obtained  from  it  by  the  elimination  of 
hydrogen  bromide  may  be  represented  thus : 

*  This  bromo-acid  14  derived  from  a  third  or  ^modirication  of  camphylic  hc'ui 
which  has  not  yet  been  prepared. 
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CBr-CBr-CO,H  (>-CBr-CO,H 

Dibromodihydro-^-oftmphylio  tcid.  Bromo-7*carophylic  acid. 

)3<<}amphjlio  acid  combinea  with  hydrogen  bromide,  yielding  iso- 
bromodibydro-^camphylic  acid,  and  the  isomerism  existing  between 
this  8u))stance  and  the  bromo-acid,  which  is  obtained  by  the  action  of 
heat  on  sulphocamphylic  bromide  (Trans.,  1898,  73,  827),  is  readily 
expUined  with  the  aid  of  the  formulse : 


CHj'CMej 
CMeBr 
H=C-COoH 


Biomodihydro/Si^amphylio  i^BromodihydroiS-cacnphylio 

acid.  acid. 

When  sulphocamphylic  acid  is  fused  with  soda,  varying  quantities 
of  a  saturated  dibasic  acid,  CiflH2j(C02H)2,  are  formed ;  this  melts  at 
about  230°,  and  is  described  in  detail  in  the  experimental  part  of  this 
paper  (p.  862).  Since  this  acid,  on  distillation,  is  converted  into 
a-camphylic  acid,  it  is  evidently  a  dimolecular  polymeride  of  this  latter 
acid,  and  probably  has  the  formula 

CMe,-CMe-C(CO.H)-C(COoH)-CMe-CMe„ 

l^          I                I        ^        ^1  . 

CH CH CH CH 

This  acid  has  therefore  been  named  a-dicamphylic  acid,  and  its 
relationship  to  acamphylic  acid  is  evidently  of  the  same  kind  as 
that  which  exists  between  the  truxillic  acids  and  cinnamic  acid. 


Preparation  and  Separation  of  the  Caviphylic  Acids. 

In  preparing  these  acids,  sulphocamphylic  acid  (50  grams)  is 
dissolved  in  strong  caustic  soda  solution  (containing  150  grams  of 
NaOH)  and  the  solution  concentrated  in  a  nickel  basin,  the 
residoe  being  maintained  at  a  temperature  of  about  210*^  until 
frothing  ceases. 

The  fused  product,  which  is  grey  in  colour,  is  dissolved  in  hot  water, 
cooled,  acidified  with  hydrochloric  acid,  and  the  resinous  precipitate 
extracted  three  times  with  ether.  The  ethereal  solution,  after  drying 
over  calcium  chloride,  is  evaporated  to  a  small  bulk  and  allowed  to 
stand,  when  generally,  but  not  always,  crystals  of  a-dicamphylic  acid 
(p.  862)  slowly  separate.  After  some  days,  the  crystals  are  collected, 
the  ethereal  solution  evaporated,  and  the  green  residue  distilled  under 
reduced    pressure,  when  almost  the  whole   quantity  passes   over  at 
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190 — 200°  (120  mm.)  as  a  pale  green  oil  which  on  cooling  solidifies 
almost  entirely.  The  mass  is  dissolved  in  dilute  aqueous  sodium 
carbonate,  the  solution  filtered  from  a  small  quantity  of  an  insoluble 
oil,  boiled  with  animal  charcoal,  filtered,  and  precipitated  with  hydro- 
chloric acid.  After  collecting  at  the  pump  and  washing  with  water, 
the  residue,  which  is  now  only  slightly  coloured,  is  recrystallised  from 
60  per  cent,  acetic  acid,  when  a  colourless,  crystalline  cake  is  obtained 
which  consists  of  a  mixture  of  a-  and  /?-camphylic  acids. 

In  order  to  separate  these  isomerides,  the  whole  is  dissolved  In 
dilute  ammonia  and  slowly  distilled  in  steam,  when  the  ammonium 
salt  of  a-camphylic  acid  dissociates  more  readily  than  that  of  the 
^-acid. 

The  distillate,  on  acidifying,  yields  a  white,  crystalline  precipitate, 
and  the  contents  of  the  distilling  flask,  on  cooling,  deposit  a  brown, 
crystalline  mass.  These  are  mixed,  dissolved  in  ammonia,  and  again 
distilled  in  steam,  when,  if  the  operation  has  been  properly  carried  out, 
crystals  separate  in  the  flask  at  the  boiling  temperature  which  are 
identical  with  those  obtained  on  acidifying  the  distillate,  and  consist 
of  almost  pure  a-camphylic  acid  (m.  p.  148°). 

After  the  solution  of  the  ammonium  salt  has  been  distilled  in  steam 
until  no  more  a-caraphylic  acid  separates,  it  yields,  on  acidifying, 
crude  y8-camphylic  acid  (see  p.  866).  By  recrystallising  the  inter- 
mediate fractions  and  constantly  repeating  the  ammonia  treatment,  it 
is  possible  to  almost  completely  separate  the  a-  and  )3-camphylic  acids, 
but  the  process  is  an  exceedingly  tedious  one. 

It  is  stated  above  that  when  the  crude  product  of  the  action  of 
fused  caustic  soda  on  sulphocamphylic  acid  is  fractionated  almost  the 
whole  quantity  distils  at  190—200°  (120  mm.);  there  is,  however, 
always  a  small  fraction  boiling  below  this  temperature.  This  was 
collected  from  a  number  of  fusions  and  carefully  fractionated,  when  an 
oil  was  obtained  which  distilled  at  225 — 230°  under  the  ordinary 
pressure,  and,  on  examination,  was  found  to  consist  of  the  anfiydride  of 
a,S'dimeUiyl8uccinic  acid : 

01102  gave  0-2278  COg  and  00643  H^O.     0  =  564;  H-6-6. 
CgHgOg  requires  C  =  66-3  ;  H  =  62  per  cent. 

This  oil  was  insoluble  in  cold  alkalis,  but  dissolved  in  aqueous  caustic 
potash  on  boiling,  and  the  solution,  after  acidifying  and  extracting 
with  ether,  yielded  a  solid  acid  which  crystallised  from  hydrochloric 
acid,  melted  at  141 — 142°,  and  consisted  of  pure  fkB-dimeU^yltueciniC 
acid : 

01584  gave  02865  COj  and  00966  HjO.     C-49-4  ;  H-6-8. 
CflHio^4  requires  C  «  493 ;  H  »  6*9  per  cent. 
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Id  order  to  be  sure  of  the  identity  of  this  aoid,  some  of  the  anhydride 
was  dissolved  in  bemene  and  the  solution  mixed  with  aniline,  when 
the  amlio  acid  separated  at  once  in  needles  which,  after  recryHtalliaing 
from  dilute  alcohol,  melted  at  187°  with  decomposition.  Auwera 
(ilniMi^,  1896,  292,  186)  gives  the  melting  point  of  dimethyl- 
snoeiDanilic  acid  as  180**.  Some  of  the  anilic  acid  was  heated  at  210^ 
until  the  evolution  of  gas  had  oeased,  and  the  residue  recrystalliged 
from  dilute  alcohol,  when  colourless  needles  were  obtained  which 
melted  at  87^  and  gave  on  analysis  the  following  results  : 

0*317  gave  13*4  c.c.  of  nitrogen  at  18°  and  760  mm.     N  »7'1. 
Ditnetk^lsuocinanil,  Q^^H^fi^'S  requires  N  =  6-9  per  cent. 

The  melting  point  of  this  substance  is,  according  to  Auwers  (loc.  ct(.), 
84 — 86°.  It  was  found  that  the  amount  of  dimethylsuccinic  acid 
which  was  formed  during  the  fusion  varied  considerably  in  different 
experiments. 

a-Camphylic  Acid,  CgHjj'COjH. 

Of  the  isomeric  camphylic  acids,  the  a-acid  is  easily  obtained  in  a 
pure  state  owing  to  the  facility  with  which  it  crystallises  from  acetic 
acid.  It  melts  at  148°,  and,  as  explained  in  the  introduction,  is 
obviously  identical  with  the  compound  of  the  same  melting  point 
which  Kachler  first  prepared  in  1872  (Annalen,  1873,  169,  183) : 

01079  gave  0*2804  COj  and  00760  H^.     C  =  70*9  ;  H  =  7*8. 
01765     „     0*4852  CO2    „    01250  H^O.     0  =  708 ;  H  =  7-9. 
CjHijOj  requires  C  =  71*0;  H  =  7-9  per  cent. 

aCamphylie  acid  is  readily  soluble  in  hot  ethyl  and  methyl  alcohols, 
benzene,  light  petroleum,  and  glacial  acetic  acid,  but  is  rather  sparingly 
soluble  in  methyl  alcohol  and  light  petroleum  in  the  cold.  It  crystal- 
lises from  all  the  above  solvents  in  glistening,  striated,  four-sided 
plates,  the  crystals  from  light  petroleum  being  especially  well-cTeGnod. 
It  is  almost  insoluble  in  cold  water,  but  when  the  finely  divided 
sabstance  is  boiled  with  water,  un  appreciable  quantity  dissolves  and 
crjstallises  out  on  cooling. 

a-CSamphylic  acid  is  readily  volatile  in  sleam  and  distils  under  the 
ordinary  pressure  almost  without  decomposition  at  248°  (740  mm.). 
It  is  readily  oxidised  by  nitric  acid,  and  its  solution  in  sodium  carbonate 
instantly  decolorises  permanganate  with  the  formation  of  trihydroxy* 
dihydro- a  camphylic  acid  (see  p.  855). 

A  neutral  solution  of  tlup  ammonium  salt  gives  with  copper  sulphate 
a  light  blue  and  with  lead  acetate  a  white  precipitate,   but  no  pre> 

itate  with  either  barium  or  calcium  chloride  even  on  boiling. 
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Chloride  of  a-Camphylic  Acid,  CgH^j'COCl. 

This  substance  was  prepared  by  heating  a-camphylic  acid  with 
phosphorus  trichloride  on  the  water-bath  for  about  half  an  hour  and 
then  fractionating  the  product.  The  fraction  138 — 140°  (60  mm.) 
consists  of  the  chloride  of  a-camphylic  acid  : 

0-1947  gave  01679  AgCl.     CI  =  21-3. 

CgHjiOCl  requires  CI  =  208  per  cent. 

When  left  in  contact  with  water,  this  chloride  is  gradually  decomposed, 
yielding  crystals  of  a-camphylic  acid. 

Anilide  of  aCamphylic  Acid,  CgHu'CO'NH'CgHj. 

This  crystalline  derivative  is  readily  obtained  by  adding  the  chloride 
to  an  excess  of  an  ethereal  solution  of  aniline.  A  vigorous  reaction 
takes  place,  and  after  two  hours  the  ethereal  solution  is  washed  with 
dilute  hydrochloric  acid  to  remove  excess  of  aniline,  then  with  sodium 
carbonate,  dried  over  calcium  chloride,  and  evaporated.  The  solid 
residue,  when  crystallised  from  dilute  alcohol,  is  obtained  in  the  form 
of  thick,  colourless  prisms  which  melt  at  111 — 112°: 

0-2337  gave  13'2  c.c.  nitrogen  at  20°  and  761  mm.     N  =  6-4. 
CjgHj^ON  requires  N  =  6-2  per  cent. 

This  anilide  is  moderately  readily  hydrolysed  by  alcoholic  potash, 
and  the  alkaline  solution,  on  acidifying,  gives  a  crystalline  precipitate 
of  pure  a-camphylic  acid. 

Ester  of  Camphylic  Acid,  CgHu'COj'CjHj. 

This  ester  was  prepared  from  the  chloride  by  mixing  it  with 
alcohol  and  heating  to  boiling  for  a  few  minutes.  On  the  addition  of 
water,  an  oil  was  precipitated  which,  after  extracting  with  ether 
and  washing  with  sodium  carbonate,  distilled  constantly  at  132^ 
(70  mm.) : 

01051  gave  02816  COj  and  0*088  H,0.     C  =  731  ;  H-9-2. 
CnHijOj  requires  C  =  73*3  ;  H  =  8'9  per  cent. 

The  solution  of  this  ester  in  chloroform  takes  up  bromine  at  once 
without  the  evolution  of  hydrogen  bromide. 
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Action  qf  Uydrogm  Mtv  i   a-Camphylic    Aeid,     formaUon  rf 

aCampAyiic  Aeid  DikydrobromiiU  (DibramoMrakydro-a-camphylie  Acid), 

C,Hi,Br,-CO,H. 

1q  preparing  tui.^  lULurestiDg  substance,  pure  tt-campbylic  acid  (3 
grams)  waa  diasolved  in  10  c.c.  of  acetic  acid  and  then  mixed  with 
10  c.c  of  a  saturated  solution  of  hydrogen  bromide  in  acetic  acid. 

After  remaining  for  two  days  in  the  dark,  the  glistening,  prismatic 
cTTstals  which  had  separated  were  collected  at  the  pump  and  left  in 
contact  with  porous  porcelain  in  a  desiccator  until  dry. 

The  crystals  then  melted  at  152^  with  vigorous  evolution  of  gas, 
and,  after  rapidly  recrystallising  from  light  petroleum  (b.p.  100 — 105°), 
the  melting  point  was  156° : 

0'UZ7  gave  0-4925  AgBr.     Br -50*7. 

CjHi,0^2HBr  requires  Br -50-9  per  cent. 

This  dihydrobromide  appears  to  decompose  in  moist  air  into  a- 
camphylic  acid  and  hydrogen  bromide,  and  when  distilled  in  steam  it 
is  completely  dissociated,  crystals  of  this  acid  separating  from  the 
distillate.  Boiling  with  quinoline  also  very  quickly  brings  about  the 
decomposition. 


Action  qf  Bromine  on  a-Camphylic  Acid.     Formation  of  Dibromodiliydro- 

a-Camphylic  Add,  CgHjjBrj'COgH,  Tribromodihydro-a-camphylic  Acid, 

CgHjQBrj*(}OjH,  and  Monobromo-a-camphylic  Acid,  CgHjQBfCOjH. 

When  a-camphylic  acid,  dissolved  in  chloroform,  is  gradually  mixed 
with  rather  more  than  the  amount  of  bromine  necessary  to  form  the 
addition  product  C^Hj^BrjOj,  and  the  solution  kept  in  the  dark  at  0°, 
the  bromine  is  slowly  absorbed,  and  if,  after  the  reaction  is  finished, 
the  product  is  poured  into  a  dish  and  allowed  to  evaporate  spon- 
taneously, a  solid,  crystalline  cake  remains.  This  is  best  purified  by 
nibbing  with  light  petroleum,  which  removes  much  oil,  filtering,  and 
orystallising  the  residue  from  light  petroleum  (b.p.  80 — 100°),  this 
operation  being  rapidly  carried  out,  as  otherwise  considerable  decom* 
position  takes  place. 

Another  good  method  of  rapidly  preparing  small  quantities  of  the 
dibromo-acid  is  the  following.  Two  grams  of  a-camphylic  acid  are 
dissolved  in  15  cc.  of  glacial  acetic  acid  and  2*2  grams  of  bromine  in 
5  c.c.  of  acetic  acid  then  gradually  added.  The  colour  disappears 
slowly,  and  after  two  davs  about  0*6  gram  of  needle-shaped  crystals 
will  have  separated,  which  melt  at  about  165—170°  with  decomposition 
and  evolution  of  gas,  and  consist  of  pure  dibromodihydro-a-camphylic 
add.     If  the  mother  liquors  of  these  crystals  are  exposed  over  caustic 
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potash  in  a  vacuum  desiccator,  a  further  crop  of  the  dibromo-acid  is 
obtained,  but  in  a  less  pure  condition.  The  analysis  of  the  dibromo- 
acid  gave  the  following  results  : 

0  2247  gave  0271  AgBr.     Br  =  51-3. 

CgHjgOgBrj  requires  Br —  51*3  per  cent. 

Dibrotnodihydro-a-camphylic  acid  melts  at  about  165 — 170^  with 
decomposition,  and  when  heated  in  a  test-tube  is  decomposed,  with 
elimination  of  hydrogen  bromide  and  formation  of  a  volatile  oil.  It 
is  readily  soluble  in  alcohol,  ether,  and  boiling  light  petroleum, 
moderately  so  in  chloroform,  but  dissolves  very  sparingly  in  cold 
light  petroleum  ;  it  is  insoluble  in  cold  water  and  when  boiled  with 
water  it  decomposes  with  separation  of  hydrogen  bromide  and  evolu- 
tion of  much  carbon  dioxide. 

In  investigating  this  reaction,  the  pure  dibromo-acid  (30  grams)  was 
heated  on  the  water-bath  with  300  c.c.  of  water  for  half  an  hour  with 
constant  stirring.  After  allowing  to  cool,  the  solid  cake  was  warmed 
with  dilute  sodium  carbonate,  filtered  from  a  volatile  oil  which  had  a 
strong  odour  of  peppermint,  the  solution  boiled  with  animal  charcoal, 
and  acidiBed,  when  a  colourless,  crystalline  mass  separated  which, 
after  crystallising  from  dilute  acetic  acid,  melted  at  148°  and  consisted  of 
a-camphylic  acid.  Two  grams  only  of  this  acid  were  obtained  in  this 
way,  the  principal  products  of  the  reaction  being  the  volatile  oil  just 
mentioned  and  substances  soluble  in  water.  On  evaporating  the 
aqueous  solution,  a  yellow  oil  was  left  which  had  a  strong  odour  of 
acetic  acid,  but  from  which  nothing  crystalline  co  uld  be  isolated. 

When  the  solution  of  dibromodihydro-a-camphylic  acid  in  glacial 
acetic  acid  is  treated  with  zinc  dust,  elimination  of  bromine  takes 
place  and  large  quantities  of  a-camphylic  acid  are  produced. 

If  a  solution  of  a-camphylic  acid  (05  gram)  in  chloroform  is  mixed  with 
bromine  (1  gram)  and  exposed  to  sunlight  at  the  ordinary  temperature, 
the  reaction  proceeds  differently  from  that  described  above,  as  much 
hydrogen  bromide  is  eliminated.  On  allowing  the  chloroform  solu- 
tion to  evaporate  at  the  ordinary  temperature,  a  brown  solid  separates 
which  crystallises  from  warm  acetic  acid  in  needles. 

This  substance  melts  at  about  178°  with  evolution  of  gas,  and  is 
evidently  tribromodihydro  a-camphylic  acid  : 

0162  gave  0*2376  AgBr.     Br-611. 

CjHjjOjBrj  requires  Br  =  61*4  per  cent.  * 

Monobromoa-camphyUc  Aculf  CjjH^QBr^COjH. — When  dibromodi- 
hydro-a-camphylic acid  is  dissolved  in  glaoial  acetic  acid  and  the  solution 
heated  to  boiling  in  a  reflux  apparatus,  hydrogen  bromide  is  seen  to  be 
eliminated,  and^  as  soon  as  this  evolution  has  ceased,  the  solution,  on 
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mixing  with  iratar,  deposits  a  browa  |'4vv4>iV4»«.v.  in  uivestigatitig 
thif  dteompositioD,  the  whole  was  extracted  with  ether,  the  ethereal 
tolotion  washed  several  times  in  order  to  remove  as  much  acetic  acid 
as  possible,  dried  o?er  calcium  chloride,  and  evaporated,  when  a  dark 
s«mi-soUd  rdsidue  was  obtained  which,  when  dried  in  contact  with 
{>orous  porcelain,  assumed  a  pale  ochre  colour.  This  cryhtallised 
from  light  petroleum  in  glistening  plates,  melted  at  107°,  and  con- 
sisted of  pure  wumobromo^-cmmphylie  acid : 

01476  gave  02560  CO,  and  0065  H,0.     C  -  473  ;  H  -  50. 
02346      „    0  1911AgBr.     Br-349. 

C,H„0,Br  requires  C  -  467  ;  H  «  4  7  ;  Br  -  34*6  per  cent. 


Convmnion     qf     a-Camphylio     Acid,      OgHjj'COjH,      into     Inactive 
a-Campkolytic  Acid,  CgHjg-COjH,  hy  Reduction  with  Sodium  Amalgam. 

This  interesting  reduction  may  be  carried  out  in  the  following  way. 
a-Camphylic  acid,  in  quantities  of  not  more  than  10  grams,  is 
dissolved  in  dilute  aqueous  caustic  soda  and  2  kilos,  of  3  per  cent. 
sodium  amalgam  added  in  four  separate  quautities,  the  liquid  being 
kept  just  at  the  boiling  point  during  the  whole  process  and  small 
quantities  of  water  poured  in  from  time  to  time  to  make  up  for 
the  loss  due  to  evaporation.  It  was  found  necessary  to  carry  out 
the  reduction  at  the  boiling  point  because  preliminary  experiments 
had  shown  that  the  acid  is  only  very  slowly  and  incompletely  reduced 
by  sodium  amalgam  at  the  ordinary  temperature. 

The  alkaline  product  is  acidified,  extracted  with  ether,  the  ethereal 
solution  evaporated,  and  the  residual  oil  again  treated  with  sodium 
amalgam  exactly  as  before.  On  subsequent  fractionation,  about  60 
per  cent,  of  the  oily  acid  distils  at  160 — 170°  (45  mm.),  leaving  a 
viscid  residue  in  the  flask  which  is  described  on  p.  855.  The  distillate, 
when  again  fractionated,  boiled  almost  constantly  at  160 — 162°  as  a 
ooloorless,  inactive  oil,  a  sample  of  which,  on  analysis,  gave  the  follow- 
ing resalts  : 

01393  gave  03585  CO,  and  01 1 66  H^O.     C - 70-2  ;  H - 9-3. 
0-1485     ,.     0-3792  00,    „    01206  H,0.     C-69-7 ;  H-91. 
CgHj^O,  requires  C«701  ;  H->9'1  per  cent. 

That   this   acid   is  inactive   a-campholytic  acid,  that  is  to  say,  the 

inactive  modification   of   the   acid    which    was   obtained    by    Walker 

(Trans.,    1893,    63,    498)  *\>y   the  electrolysis  of  the  potassium  salt 

[of  the  o-ethyl  ester  of  camphoric  acid  and  by  Noyes  {Amer.  Chem. 

fournal,  1894,  16,  502)  by  the  action  of  nitrous  acid  on  )3-camphor- 

imic  acid,  is  shown  by  the  examination  of  its  properties. 
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Action  of  Bromine, — When  the  solution  of  the  oily  acid  iu  dry 
chloroform  was  cooled  to  -  10°  and  a  slight  excess  of  bromine  added 
drop  by  drop,  the  colour  disappeared  instantly  and  the  liquid,  exposed 
to  the  air  in  a  shallow  basin,  deposited  a  crystalline  solid.  This  was 
freed  from  moisture  and  oily  impurity  by  contact  with  porous 
porcelain  and  then  rapidly  recrystallised  from  petroleum  (b.  p.  60 — 70°) 
when  colourless,  microscopic  crystals  were  obtained  which  evidently 
consisted  of  the  dibroniide  of  inactive  a-campholytic  add : 


0-2122  gave  02546  AgBr.     Br  =  51-0. 
C9Hj^02Br.^  requires  Br  = 


50*9  per  cent. 


The  melting  point  of  this  di bromide  was  not  sharp  ;  it  softened  at 
110°  and  was  completely  melted  at  116°.  Walker  {loc.  cit.)  gives  110° 
as  the  melting  point  of  the  dibromide  of  the  active  acid  and  Noyes 
(Ber.,  1895,  28,  552),  who  also  prepared  this  substance,  found 
110 — 114°  as  the  melting  point. 

Action  of  IlydrobromiG  Acid. — A  small  quantity  of  the  reduction 
product  of  a-camphylic  acid  was  mixed  with  five  times  its  volume  of 
fuming  hydrobromic  acid  (saturated  at  0°),  in  which  it  first  dissolved 
and  then  separated  as  an  oil  which  rapidly  solidified.  The  crystals 
were  thoroughly  washed  with  water,  left  in  contact  with  porous 
porcelain  until  dry,  and  then  washed  first  with  formic  acid  (sp.  gr.  1*22) 
and  then  with  a  small  amount  of  Ij^ht  petroleum.  The  white, 
crystalline  mass  of  the  hydrohromide  of  inactive  a-campkolylie  aeiil 
(inactive  bromodihydro-a-campholytic  acid)  melted  at  about  100°: 

0-1820  gave  01434  AgBr.     Br  =  33-6. 

C9Hi502Br  requires  Br  =»  34*0  per  cent. 

Noyes  (loc.  cit.)j  who  first  prepared  the  active  modification  of  this 
substance,  states  that  it  melts  at  98 — 100°. 

In  an  experiment  made  with  the  object  of  purifying  this  very 
unstable  hydrobromide  by  recrystallisation,  a  cousiderable  quantity 
was  dissolved  in  formic  acid  (sp.  gr.  1-22)  at  35 — 40°  and  the  solution 
allowed  to  remain  over  caustic  potash  in  a  vacuum  desiccator  for  two 
days.  The  crystals,  which  had  separated,  melted  at  130°  and  conbibted 
of  pure  yScampholytic  acid,  an  interesting  observation  which  shows 
that  the  fundamental  intramolecular  change  which  occurs  when 
a  campholytic  acid  is  converted  into  ^-campholytio  acid  (p.  840  and 
below)  may  even  take  place  at  practically  the  ordinary  temperature. 

Action  of  Dilute  Sulphuric  Acid. — Two  grams  of  the  reduction 
product  of  a-camphylio  acid  were  digested  with  10  grams  of  30  per 
cent,  sulphuric  aoid  for  an  hour  when,  on  remaining  overnight,  the 
oily  layer  had  almost  completely  solidified.  The  crystals,  after 
draining   on    porous    porcelain,    and    recrystallisation    from    dilute 
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acetic  acid,  melted  At  1S8 — 180°  and  ooDtisted  of  fi-eampholfftic  aoid 
(ifoUuronoIio  acid). 

0  1477  gHve  0  3784  00,  and  01226  H,0.     C-69-9  ;  H-9  2. 
C^Hj^O,  requires  C- 701  ;  H-91  percent. 

OonvenioD  into  ^-campholytic  aoid,on  boiling  with  dilute  sulphuric 
aeid,  is  one  of  the  most  characteristic  properties  of  ordinary  active 
a-eampkolytio  acid»  loss  of  activity  taking  place  during  the  operation. 
It  is  this  change,  in  particular,  which  clearly  proves  that  the  re- 
duction product  of  a-camphylic  acid  is  the  inactive  modification  of 
a-campholytic  acid. 

Polymmide  of  Inactive  aCampholytie  Acid. 

It  is  stated  above  that  when  a-camphylic  acid  is  reduced  with 
sodium  amalgam  and  the  product  fractionated  only  about  60  per  cent, 
of  mtMdive  a-eampholytic  acid  is  obtained,  and  there  remains  in  the 
retort  a  transparent,  yellow  resin.  This  distils  without  much  decom- 
position at  270 — 290°  (45  mm.),  and  solidifies  in  the  condenser  to  a 
lenn  exactly  like  colophony.  If,  however,  this  is  dissolved  in 
glacial  acetic  acid  and  the  solution  allowed  to  remain,  hard,  crystalline 
crusts  gradually  separate.  The  substance,  which  under  the  microscope 
appears  to  be  quite  homogeneous,  has  no  definite  melting  point ;  it 
softens  at  205°,  and  gradually  melts  as  the  temperature  rises,  and 
repeated  recrystallisation  did  not  affect  this  behaviour.  The  analysis 
of  two  different  specimens  gave  the  following  results  : 

01250  gave  0  3218  COj  and  00981  H^O.     C  =  70  0  ;  H  =  87. 
01561     „     0-4041  CO,    „    01197  HgO.     C  =  706;H  =  8-5. 
(CgHj^O,),  requires  C  =  70-1  ;  H-91  per  cent. 

Probably  this  substance,  which  is  an  acid  and  readily  soluble  in 
sodium  carbonate,  is  a  condensation  product  of  2  molecules  of  a-cam- 
pholytic  acid.  It  should  be  mentioned  that  Walker  {loc.  cU.)  also 
noticed  that  a  resinous  substance,  evidently  similar  to  the  above, 
was  left  in  the  retort  when  crude  ttelive  a  campholytic  acid  was  sub- 
mitted to  fractionation. 

Oxidation  of  a  Camphylic  Acid  %/nih  PermanganaU.     Formation  qf 
Trihydroxydihydroaoamphylic  Acid,  CgHjQ(OH)j*CO,H. 

In  studying  this  oxidation,  a-camphylic  acid  (5  grams)  was  dissolved 
|in  dilute  sodium  carbonate,  and,  after  dilution  with  water  to  1  litre,  a 
[uautity  of  powdered  ice  was  added,  and  then  3  per  cent,  perman- 
solution  introduced  in  a  thin  stream  until  the  colour  remained 
inent.     During  the  whole  operation,  a  rapid  stream  of  carbon 
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dioxide  was  maintained,  and  the  liquid,  which  was  always  kept  at  0°, 
vigorously  stirred  with  a  mechanical  stirrer.  After  destroying  the 
plight  excess  of  permanganate  by  the  addition  of  sodium  sulphite,  the 
product  was  heated  to  boiling,  filtered  at  the  pump,  and  the  manganese 
precipitate  well  washed  with  hot  water.  The  clear,  yellow  solution 
was  neutralised  and  evaporated  to  a  small  bulk,  during  which  opera- 
tion the  colour  changed  to  dark  brown.  As  no  precipitate  was  formed 
on  acidifying  with  hydrochloric  acid,  the  whole  was  extracted  20  times 
with  ether,  the  ethereal  solution  dried  over  calcium  chloride  and 
evaporated  to  a  small  bulk,  when  colourless,  glistening  crystals  slowly 
separated.  These  were  collected,  again  recrystallised  from  ether,  and 
analysed,  with  the  following  results : 

01360  gave  0-2649  CO2  and  00836  Kfi.     C  =  531  ;  H  =  6-9. 
01507     „     0-2960  CO2    „    00934  HgO.     0  =  53-5  ;  H  =  6*9. 
CgHj^Og  requires  0  =  53-5  ;  H=  6'9  per  cent. 

Trihydroxydihydro-a-camphylic  acid  softens  at  145°,  and  decomposes 
rapidly  at  148 — 150°  with  evolution  of  gas  and  blackening;  when  heated 
in  a  test-tube,  the  substance  chars,  gives  off  an  odour  of  burnt  sugar,  and 
yields  a  considerable  quantity  of  a  yellow,  oily  distillate.  It  is  readily 
soluble  in  water,  and  a  concentrated  solution  in  warm  water  deposits 
the  acid,  on  cooling,  in  colourless,  glistening  prisms  ;  if,  however,  the 
aqueous  solution  is  boiled,  decomposition  gradually  takes  place  with 
evolution  of  gas  and  darkening,  the  solution  ultimately  becoming 
quite  black,  and,  on  cooling,  a  black  resinous  substance  separates. 
The  acid  is  sparingly  soluble  in  chloroform,  ether,  benzene,  and  light 
petroleum,  but  very  soluble  in  alcohol.  The  aqueous  solution  gives  no 
precipitate  with />-bromophenyl hydrazine,  and  when  mixed  with  semi- 
carbazide  hydrochloride  and  sodium  acetate,  it  does  not  deposit  crys- 
tals of  a  semicarbazone.  That  it  is  also  incapable  of  yielding  an  oxime 
was  shown  by  the  fact  that,  after  remaining  in  contact  with  hydroxy  1- 
amine  hydrochloride  and  excess  of  potash  for  24  hours,  the  solution, 
on  acidifying  and  extracting  with  ether,  yielded  the  unchanged 
acid. 

Salti  qf  Tinhydroxydihydro-a'Camphylic  Acid, — The  neutral  solution 
of  the  ammonium  salt  of  the  acid  gives  no  precipitate  with  either  silver 
nitrate,  barium  nitrate,  copper  sulphate,  or  lead  acetate,  and  some 
difficulty  was  experienced  in  preparing  a  salt  suitable  for  analysis,  but 
ultimately  the  barium  salt  was  selected  for  the  purpose. 

This  was  prepared  by  adding  a  slight  excess  of  barium  hydroxide  to 
the  aqueous  solution  of  the  acid,  removing  the  excess  of  this  alkali  by 
passing  carbon  dioxide  and  evaporating  to  a  small  bulk,  when  the 
readily  soluble  birium  salt  slowly  separated  in  needles. 

For  analysis,  the  salt  was  dried  at  100°  until  constant,  no  attempt 
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beiui;  ir:i  torminu  the  watar  of  cryRlAllifuilinn    which   appMUrtd 

to  Im 

0  1 372  gave  00603  BaSO^.     Ba - 25*9. 

(C«H|,05),Ba  requires  Ba-25-4  per  ceni 

1  (iH  anal/sit  iDdioatea  that  the  acid  is  monobasic,  and  in  order  to 
oonfirin  this,  a  careful  titration  was  made  with  decinormal  caustic  soda, 
when  0*21  gram  required  for  neutralisation  0'0424  NaOH,  whereas 
thifl  quantity  of  a  monobasic  acid,  C^HnOj,  should  neutralise  00416 
NaOH. 


AaiMe^dik^drox^ihydrtha-eamphylic  Acid,  (J^U^fi^{OC^YifiyCO^B. 

In  preparing  this  acetyl  derivative,  the  pure  acid  was  boiled  with 
acetic  anhydride  for  2  hours,  and  the  solution  placed  over  powdered 
caustic  potash  in  a  vacuum  desiccator  until  the  acetic  acid  and  excess 
of  acetic  anhydride  had  evaporated.  The  thick,  oily  residue  showed 
very  little  tendency  to  crystallise  after  remaining  for  some  weeks,  but 
when  left  in  contact  with  water  it  was  partially  hydrolysed  and 
gradually  became  semi-solid. 

The  oily  impurity  was  easily  removed  by  spreading  on  a  porous  plate, 
and  subeequently  extracting  the  hard,  nearly  colourless  mass  with 
boiling  benzene,  in  which  the  acetyl  compound  is  very  sparingly 
soluble.  The  residue  was  crystallised  by  dissolving  it  in  methyl 
alcohol,  adding  toluene,  and  boiling  away  the  methyl  alcohol ;  the 
supersaturated  solution  thus  obtained  deposited  the  acetyl  compound 
in  crystalline  crusts  : 

0-111  gave  00684  Ufi  and  02184  COj.     C  =  53-8;  H  =  6-8. 
CjjHijOg  requires  C  =  54*1 ;  H  ==  6-5  per  cent. 

That  this  substance,  which  melts  at  about  185°  with  decomposition, 
is  a  monoacetyl  derivative  was  confirmed  by  its  behaviour  with  deci- 
normal caustic  soda.  When  01 95  gram  was  boiled  with  50  c.c.  of 
the  alkali  for  15  minutes  and  the  excess  of  alkali  estimated,  it  was 
found  that  0065  gram  had  been  neutralised.  On  the  supposition  that 
the  acetyl  compound  had  been  hydrolysed  during  this  operation,  this 
amount  of  an  acid,  CnHj^O^,  becoming  dibasic  would  neutralise  0*064 
NaOH. 

Oxidation  of  Trihydroxydihydro-acamphylic  Acid. — When  the  aqueous 
solution  of  the  acid  was  heated  with  excess  of  potassium  dichromate 
and  sulphuric  acid  in  a  reflux  apparatus,  a  vigorous  oxidation  took 
place,  and  a  distinct  odour  of  acetone  was  noticed.  In  order  to  prove 
the  presence  of  acetone,  the  product  was  distilled  in  steam  and  the 
iistillate  mixed  with  />-bromophenylhydrazine  and  acetic  acid,  when  a 
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crystalline  precipitate  separated  at  once.  This  was  collected,  washed, 
drained  on  a  porous  plate,  and  recrystallised  from  light  petroleum,  when 
groups  of  flat  plates  were  obtained  which  melted  at  95 — 96°,  whereas 
the  melting  point  of  acetone  j»-bromophenylhydrazone  is  given  as 
93 — 94°.  The  chromium  liquors  were  extracted  repeatedly  with 
ether,  the  ethereal  solution  washed  with  a  little  water,  dried  over 
calcium  chloride,  and  evaporated,  when  a  viscid  oil  was  obtained 
which  showed  no  signs  of  crystallising,  even  after  remaining  for 
several  days  over  sulphuric  acid  in  a  vacuum  desiccator.  When  this 
oil  was  distilled  under  40  mm.  pressure,  a  considerable  quantity  passed 
over  at  192 — 205°,  and  this  gradually  deposited  crystals. 

These  were  collected,  drained  on  a  porous  plate,  and  purified  by  re- 
crystallisation  from  water,  from  which  the  substance  separated  in 
colourless  prisms  which  melted  at  119 — 120°: 

0-1171  gave  0-2366  CO^  and  0-0813  Ufi.     0  =  55-1 ;  H-7-7. 
CgHioOg  requires  0  =  55*4  ;  H  =  7-7  per  cent. 

These  results  agree  with  the  formula  OgH^jjOg,  but  the  substance 
does  not  appear  to  be  identical  with  any  known  acid  of  this  com- 
position. 

If,  however,  the  formula  for  trihydroxydihydroa-camphylic  acid 
given  on  p.  843  is  correct,  it  seems  probable  that  this  acid,  CgHj^Oj, 
may  be  a  hydroxydimethyltrimethylenecarboxylic  acid  having  the 
formula 

CH(0H)-CMe2 

^^^"^OH-COjH 

Unfortunately,  the  amount  of  this  acid  which  was  obtained  was  so 
small  that  further  investigation  was  impossible. 

Action  of  Bromine  and  Caustic  Potoih  on  arCamphylic  Acid, 

When  the  solution  of  a-camphylic  acid  (12-5  grams)  in  excess  of 
caustic  potash  is  cboled  to  -5°  and  then  bromine  slowly  added,  a 
turbidity  takes  place  at  once,  and  in  a  short  time  a  thick,  heavy  oil 
separates.  As  soon  as  the  addition  of  bromine  caused  no  further  pre- 
cipitation, the  whole  was  extracted  with  ether,  the  ethereal  solution 
washed  with  water,  dried  over  calcium  chloride,  and  evaporated,  when 
an  almost  colourless  oil  (24  grams)  was  obtained,  which,  after  remain- 
iog  for  some  days  over  caustic  potash  and  sulphuric  acid  in  a  vacuum 
desiccator,  gave  the  following  result  on  analysis  : 

0-2498  gave  0-3718  AgBr.     Br  -  64-6. 

On  acidifying  the  aqueous  solution  from  which  this  oil  had  separated 
with   sulphurous  and  hydrochloric  acids,   much  carbon  dioxide  was 
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erolred.  and  tho  liqtiu),  when  extracted  with  ether,  yielded  3*4  grams 
of  a  vincid  oil  whioh  contained  bromine  and  wan  not  further  examined. 
On  fractionating  the  above-mentioned  neutral  oil  under  26  mm. 
praiure,  almost  the  whole  quantity  distilled  at  155  —  160°  with 
ftlighi  deoompoeition,  and  the  distillate,  which  had  a  roost  pronounced 
Oiiour  of  oil  of  turpentine,  now  furnished  the  following  results  on 
analysis: 

0  1853  gave  017S8  00,  and  0-0538  H,0.     0-256  ;  H  -  3  3. 
01904    „     0-2924  AgBr.     Br -65*3. 

OgHijOBr,  requires  0 - 26-5  ;  H - 35  ;  Br » 65*8  per  cent. 

This  oil  (18  grams)  was  now  mixed  with  caustic  potash  (20  grams) 
dissolved  in  alcohol  when,  on  boiling,  much  potassium  bromide 
separated,  and  after  half  an  hour  the  addition  of  water  caused  the 
precipitation  of  a  heavy  oil  which  was  extracted  in  the  u^^ual  way  and 
weighed  11  grams.  This  was  fractionated  under  60  mm.  pressure,  and 
Urns  separated  into  two  nearly  equal  portions  which  boiled  at  90 — 100^ 
and  130 — 140°  respectively.  The  oil  of  lower  boiling  point  distilled 
under  the  ordinary  pressure,  almost  without  decomposition,  at 
165— 16r. 

0-2311  gave  0-4318  00,  and  01 2-22  H,0.     C-510;  H  =  5-9. 
0  2496      „     0-2494  AgBr.     Br- 425. 
0-2665      „     0-2672  AgBr.     Br  =  42-4. 

CgHjjBr  requires  0-51-3;  H-5-9;  Br  =  42  7  per  cent. 

This  oil  is  unsaturated  and  takes  up  bromine  readily  without 
evolution  of  hydrogen  bromide. 

The  fraction  of  higher  boiling  point  was  also  distilled  under 
the  ordinary  pressure  when  a  considerable  portion  passed  over  at 
218 — 220°,  only  very  slight  decomposition  taking  place  : 

0-1813  gave  0*2534  AgBr.     Br  =  59  5. 

CgHjjBr,  requires  Br  =  f9-3  per  cent. 

Damsky  {Ber.,  1887,  20.  2961)  has  described  a  dibromide  of  this 
composition,  which  he  obtained  by  brominating  the  hydrocarbon 
'^'s^u  ^^<^h  results  from  the  distillation  of  the  ammonium  salt  of 
-iilphocamphylic  acid  with  ammonium  chloride,  but  as  he  describes  it  as 
rystalline  and  very  unstable,  it  cannot  be  identical  with  the  dibrom- 
ide described  above. 
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Ethyl  Dibromodihydro-^'Campholytate,  CgU  j^Brj'CO^Et,  Methyl  Dihromo- 
di/iydro-p-campholytatet  CgHjjjBrg'CO^Me,  and  Ethyl  Bromo- 
P-campholytatey  CgHijBi-COjEt. 

The  ethyl  dibromo(iihydro-)3-campholytate  which  was  required  for 
the  experiments  described  in  the  next  section  was  prepared  by  dis- 
solving ethyl  )8-campholytate  (2-8  grams)  in  dry  chloroform  (10  grams) 
and  then  gradually  adding  3  3  grams  of  dry  bromine,  the  whole 
operation  being  conducted  at  0°  in  a  flask  blackened  by  a  sooty 
flame  so  as  to  exclude  light  as  far  as  possible.  After  about  an  hour, 
the  chloroform  was  removed  by  aspirating  through  the  solution  a 
stream  of  dry  air,  and  the  residue  was  then  analysed  with  the  follow- 
ing results  : 

0-2170  gave  0-2348  AgBr.     Br  =  46-0. 

CjiHjgOgBrg  requires  Br  =  46*8  per  cent. 

Ethyl  dibromodihydrO'P-campholytate,  thus  prepared,  is  a  pale  yellow 
oil  which  gradually  becomes  dark  and  decomposes  with  evolution  of 
hydrogen  bromide. 

Methyl  dib)'omodihydro-Pcampholyiate,  CgHjgBrg'COjMe,  was  also 
prepared  in  a  similar  manner  from  methyl  )3-campholytate  and  bromine. 
It  is  a  yellow  oil,  very  similar  to  the  ethyl  salt : 

0-22  20  gave  0-2504  AgBr.     Br  =  48*2. 

CjoHjgOjBrg  requires  Br  =  48*8  per  cent. 

When  ethyl  dibromodihydro-/3-campholytate  is  dissolved  in  twice  its 
weight  of  glacial  acetic  acid  and  heated  to  boiling  in  a  reflux 
apparatus,  hydrogen  bromide  is  evolved  in  quantity  and  the  solution 
gradually  darkens  in  colour.  After  digesting  for  an  hour,  the  evolution 
of  hydrogen  bromide  will  have  almost  ceased ;  the  liquid  is  then 
poured  into  water,  extracted  with  ether,  the  ethereal  solution  washed 
with  dilute  sodium  carbonate  until  free  from  acetic  acid,  dried  over 
calcium  chloride,  and  the  ether  distilled  off.  The  residual  oil  distils 
almost  constantly  at  164 — 168°  (40  mm.),  and  two  different  prepara- 
tions gave  the  following  results  on  analysis  : 

0-3275  gave  02268  AgBr.     Br  -  296. 
0-2620     „     0-1826  AgBr.     Br-29-7. 

^CuHi^OjBr  requires  Br  =  30-6  per  cent. 

It  is  evident  that  this  ester  is  produced  from  ethyl  di bromodi hydro- 
/3-campholytate  according  to  the  equation 

OgHjjBrj-COjEt  -  CgH„Br-CO,Et  -i-  HBr, 

and  the  reaction  proceeds  almost  quantitatively.     If,  then,  no 
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change  has  taken  place  daring  its  formation,  tbia  eeter  must  be  Uh^ 

It  is  aTidenilj  an  ester  of  similar  structure  to  bromodihydro- 
^8-oamphylic  add  (p.  847),  since  this  aoid,  on  heating,  does  not 
readilj  lose  hydrogen  bromide.  The  bromine  atom  in  ethyl  bromo- 
/9-«aaipholytate  is  very  firmly  attached,  and  is  only  partly  removed  by 
boiling  with  diethylaniline  for  six  hours.  When,  however,  the  ester 
is  digested  with  alcoholic  potash,  decomposition  readily  takes  place 
with  separation  of  potassium  bromide.  The  product  from  an  experi- 
ment in  which  the  ester  was  heated  with  a  large  excess  of  strong 
alcoholic  potash  for  two  hours  was  evaporated  with  water  until  free 
from  alcohol,  acidified,  and  repeatedly  extracted  with  ether.  The 
ethereal  solution,  after  drying  over  calcium  chloride,  yielded,  on 
evaporation,  a  viscid  oil  which  distilled  at  174—177°  (35  mm.)  snd 
still  contained  a  trace  of  bromine.  It  gave,  on  analysis,  numbers 
which  seem  to  indicate  that  it  is  eihoxy-p-campholytic  acid,  produced 
according  to  the  equation  : 

CjH„Br-CO,Et  +  EtOH  +  2K0H  - 

C8Hi2(OEt)-COjK  +  KBr  +  EtOH  +  H,0. 

01657  gave  0  4035  CO,  and  01316  H,0.  0  =  664;  H  =  8  7. 
01864  „  0-4540  CO,  „  01425  H,0.  0-665;  H  =  85. 
CnHjgOj  requires  C  -  66*7 ;  H  «  9*1  per  cent. 

No 
carried  out 


CnHjgOj  requires  C  -  66*7 ;  H  «  9*1  per  cent. 

further  investigation  of  this  interesting  acid  has,  so  far,  been 
Ki  out 


Formation  of  a-Campkylic   Acid  from   Ethyl    Dibromodihydro- 
P-campholytate. 

This  interesting  conversion  of  /3-campbolytic  acid  into  a-campbylic 
acid,  which  is  discussed  in  detail  in  the  introduction  (p.  842),  was 
carried  out  as  follows. 

Ethyl  dibromodihydro-/3-campbo1ytate  (50  grams)  was  heated  with 
five  times  its  volume  of  diethylaniline  for  six  hours  and  the  dark 
product  poured  into  excess  of  dilute  sulphuric  acid  and  extracted 
five  times  with  ether.  The  ethereal  solution  was  well  washed  with 
dilate  sulphuric  acid,  dried  over  calcium  chloride,  and  the  ether 
distilled  ofif,  when  27  grams  of  an  oil  were  obtained  which  still 
contained  traces  of  bromine.  On  fractionating,  about  two-thirds  dis- 
tilled at  120 — 130°  (27  mm.),  and  under  the  ordinary  pressure  almost 
the  whole  of  this  passed  «i>ver  at  215—216°.  The  distillate  was  not 
luialysed,  bat  was  at  once  hydrolysed  by  boiling  with  excess  of 
Icoholic  potash  for  three  hours ;  water  was  then  added,  the  solution 
kporated   until   free   from  alcohol,  acidified,  and  extracted  several 
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times  with  ether.  The  ethereal  solutioD,  after  drying  over  calcium 
chloride,  deposited,  on  evaporation,  an  oil  which  almost  immediately 
solidified.  In  purifying  this  very  crude  product,  it  was  first  distilled 
under  reduced  pressure,  when  almost  the  whole  quantity  came  over  at 
192°  (120  mm.)  as  a  colourless  oil  which  at  once  solidified  to  a  hard, 
crystalline  cake,  and,  on  recrystallising  this  from  dilute  acetic  acid,  a 
mass  of  glistening  plates  was  obtained  which  melted  at  100 — 105°, 
and  which  was  at  first  thought  to  consist  of  ^camphylic  acid 
(m.  p.  104°). 

The  behaviour  of  the  substance  on  treatment  with  hydrogen 
bromide  proved,  however,  that  this  was  not  the  case.  The  whole 
mass  was  dissolved  in  acetic  acid  and  treated  with  an  acetic  acid 
solution  of  hydrogen  bromide,  exactly  as  described  on  p.  851,  when  the 
solution  slowly  deposited  glistening  prisms  which  melted  at  150 — 153°, 
and  gave,  on  analysis,  the  following  results : 

0  3311  gave  03947  AgBr.     Br  =  50-8. 

CgHj^OgBrg  requires  Br  =  50*9  per  cent. 

That  this  dibromide,  which  was  obtained  in  a  yield  of  about  9  grams 
from  the  above  quantities,  was  a-camphylic  acid  dihydrohromide  was 
proved  in  the  following  way.  The  finely-divided  substance  was 
digested  with  sodium  carbonate  for  a  few  minutes  and  the  well-cooled 
solution  acidified,  when  a  colourless  precipitate  separated  which 
crystallised  from  light  petroleum  in  glistening,  four-sided  plates  and 
consisted  of  pure  a-camphylic  acid,  as  the  analysis,  melting  point 
(148—150°),  and  other  properties  conclusively  proved  : 

0-1411  gave  0-3667  COg  and  0-1014  HgO.     C  =  70-9  ;  H-8-0. 
CQHjgOj  requires  C  =  71-0;  H  =  7-9  per  cent. 


a-Dicamphylic  Acidj  C^^Vi^ii^^i^^- 

Tn  describing  the  preparation  and  separation  of  the  camphylic  acids 
(p.  847),  it  was  mentioned  that  the  concentrated  ethereal  extract  of 
the  product  of  the  fusion  of  sulphocamphylic  acid  with  caustic  soda 
sometimes  deposits  crystals  of  a-dicamphylic  acid.  The  amount  of 
acid  obtained  in  this  way  is  always  very  small,  being  seldom  more 
than  1  gram  from  250  grams  of  the  sulphonic  acid,  and  in  the  case 
of  several  fusions  no  separation  from  the  ethereal  solution  occurred  at 
all.     In  all  about  11*5  grams  of  the  crude  acid  were  collected. 

This  was  first  roughly  purified  by  crystallisation  from  glacial  acetic  acid 
and  the  brown  plates  thus  obtained  dissolved  in  dilute  sodium  carbonate, 
and  the  solution  digested  with  animal  charcoal.  The  colourlem  acid, 
which  was  precipitated  on  acidifying,  was  crystallised  from  methyl 
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aloohol,  from  which  it  sepamUd  in  noedlM  which  toften  at  220 — 226^ 
and  melt  at  250*" : 

01338  gave  0-3460  CO,  aDd  00947  H,0.     C - 7 H> ;  ii  - 7-9. 
01181     „    0-3071  CO,  ,.     00828  H,0.     Cr.70-9 ;  H-7-8. 
C,,H,,04  requires  C  •  71*0 ;  H  -•  7*9  per  cent. 

a-Dieamphylie  aeid  is  readily  soluble  iu  hot  alcohol,  benzene,  and 
chloroform,  but  dissolves  sparingly  in  light  petroleum ;  it  crystallises 
from  gUcial  acetic  acid  in  iridescent  plates  which  contain  one  molecule 
of  acetic  aci(^  of  crystallisation  and  become  opaque  when  heated 
at  10a». 

0-2724  gram,  heated  at  lOO"*  until  constant,  lost  00448  gram  of 
acetic  acid  or  164  per  cent,  whereas  the  formula  CigH,f04,C,H^0, 
requires  16-5  per  cent,  of  acetic  acid. 

The  molecular  weight  of  the  acid  was  determined  by  the  ebullio- 
scopic  method,  using  benzene  as  the  solvent,  and  two  experiments  gave 
be  values  313  and  298,  whereas  the  molecular  weight  of  C18H24O4 
i&  304.  That  a-dicamphylic  acid  is  a  very  stable  substance  is  shown 
by  the  fact  that  it  dissolves  in  concentrated  sulphuric  acid,  forming  a 
colourless  solution,  and  is  reprecipitated  unchanged  on  the  addition  of 
water,  and  indeed,  even  at  100°,  sulphuric  acid  seems  to  decompose 
the  acid  only  very  slowly.  The  solution  of  the  acid  in  dilute  sodium 
carbonate  does  not  decolorise  permanganate  in  the  cold,  and  its  solu- 
tion in  dry  chloroform  is  not  acted  on  by  bromine,  and  therefore 
a-dicamphylic  acid  is  clearly  a  saturated  acid,  and  in  this  respect 
especially  it  differs  sharply  from  a-camphylic  acid,  to  which  it  is  closely 
related  (see  p.  864).  A  probable  constitutional  formula  for  this  acid 
is  given  on  p.  847. 

SijUU  of  a-Dicamphylic  Acid. 

This  acid  dissolves  readily  in  ammonia,  but  on  evaporation  the  salt 
dissociates  with  separation  of  the  acid,  and  it  is  possibly  owing  to  the 
difficulty  of  preparing  a  neutral  solution  of  the  ammonium  salt  that 
the  salts  prepared  did  not  give  quite  such  good  results  on  analysis  as 
could  have  been  wished. 

The  «/rer  salt,  CjgH^O^Ag,,  prepared  by  precipitating  a  slightly 
alkaline  solution  of  the  ammonium  salt  with  silver  nitrate,  is  a  white, 
gelatinous  salt  which,  after  washing  with  water  and  boiling  methyl 
alcohol,  gave  the  following  results  on  analysis  : 

0-204  gave  03037  CO,  ^d  0  0776  H,0.     C  «  409  ;  H  «  4-2. 
0  2795    „     on  ignition,  01174  Ag.     Ag  -  42  0. 
CjgH^O^Ag,  requires  C  =  41-7;  H  =  4-2;  A  g- 4 1  7  per  cent. 

Th^Calciwn  Sail,  C^^U„0fia,2Hfi  (\).—When  a  slightly  alkaline 
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solution  of  the  ammonium  salt  is  mixed  with  calcium  chloride,  no 
precipitate  is  produced  in  the  cold,  but  on  boiling  the  calcium  salt 
separates  as  a  sparingly  soluble,  crystalline  precipitate  which  does 
not  redissolve  in  the  cold.  The  analysis  of  the  air-dry  salt  seems  to 
indicate  that  it  contains  two  molecules  of  water. 

0-2266,  when  heated  at  125°  until  constant,  lost  0-0194  or  8-6  per 
cent.,  and  the  residue  treated  with  sulphuric  acid  yielded  0*0786 
CaSO^,  corresponding  to  10'2  per  cent,  of  Ca. 

^18^22^4^^) 2 HgO  requires  H20  =  9-5  and  Ca=  10-5  per  cent. 

The  ammonium  salt  of  a  dicamphylic  acid  shows  the  same  behaviour 
with  barium  chloride  as  with  calcium  chloride,  and  gives  with  copper 
sulphate  a  pale  blue,  gelatinous  precipitate,  and  with  lead  acetate 
a  white,  gelatinous  precipitate. 

Conversion  of  a- Dicamphylic  Acid  into  a-Camphylie  Acid  by 
Distillation. 

When  a-dicaniphylic  acid  is  heated  in  a  small  retort,  an  oil  distils 
constantly  at  about  248°  which  solidifies  in  the  condenser,  and  only  a 
trace  of  residue  is  left  in  the  retort.  The  distillate  was  dissolved  in 
sodium  carbonate,  boiled  with  animal  charcoal,  reprecipitated,  and 
crystallised  twice  from  dilute  acetic  acid,  when  colourless,  glistening 
crystals  were  obtained  : 

0-1716  gave  04464  CO2  and  0*1241  Ujd.     C  =  70*9;  H  =  8*0. 
C9H12O2  requires  C  =  71'0  ;  H  =  7*9  per  cent. 

This  substance  melted  at  148°  and  consisted  of  pure  a-camphylic 
acid,  as  a  careful  examination  of  its  properties  conclusively  proved. 

Oxidation  of  a- Dicamphylic  Acid,  G^^^{pOfi\.     Formation  of 
Dihydroxy-a-dicamphylic  Acid,  CigH2o(OH)2(CO,H)2. 

In  describing  the  properties  of  a-dicamphylic  acid  (p.  863),  it  was 
mentioned  that  this  acid  is  stable  to  cold  permanganate  solution.  If, 
however,  its  solution  in  sodium  carbonate  is  boiled  with  this  reagent, 
oxidation  takes  place  slowly,  and  this  reaction  was  carefully  investi- 
gated in  the  hope  of  obtaining  some  furlher  clue  to  the  nature  of 
adicamphylic  acid.  The  pure  acid  (3  grams)  was  dissolved  in  sodium 
carbonate,  the  solution  heated  to  boiling,  and  then  a  cold  saturated 
solution  of  12  grams  of  permanganate  run  in  drop  by  drop,  carbon 
dioxide  being  passed  through  the  liquid  during  the  whole  operation. 
The  considerable  excess  of  permanganate  was  destroyed  by  adding 
alcohol ;  the  filtrate  from  the  manganese  precipitate,  together  with  the 
washings  evaporated  to  a  small  bulk,  was  acidified  and  extracted  with 
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ether.  The  oiherMl  aolation  was  dried  over  oaloium  chloride  and 
eTaporated,  when  a  Tiaoid,  yellow  oil  was  obtained  which  rapidly 
8olidi6ed. 

On  grinding  with  ether»  an  oil*  disaoWed  leaving  a  hard  reaidue, 
which  waa  oollected  and  crystallised  from  dilute  hydrochloric  acid, 
from  which  it  separated  in  microscopic  needles  : 

01019  gave  0  2397  CO,  and  0  0666  H,0.     C  -  641  ;  H  =  72. 
CijHj^Oj  requires  C  «  64*3  ;  H  -  7*  1  per  cent. 

When  heated  in  a  eapillary  tube,  dihydroxy  a-dicamphylic  acid 
softens  at  about  245*  and  melU  at  255—257°  with  rapid  decomposi- 
tion, due  to  evolution  of  gas.  It  is  sparingly  soluble  in  ether  and 
light  petroleum,  but  readily  so  in  water,  from  which  it  separates 
in  spherulitic  crysUls.  The  silver  salt,  O^^^^OJ^CO^Jl^\,  was  obtained 
by  adding  silver  nitrate  to  a  neutral  solution  of  the  ammonium  salt  as 
an  amorphous  precipitate  which  slowly  became  sandy  : 

01890  gave  0*0740  Ag.     Ag  «  39-3. 

CjgHjjOgAgj  requires  Ag  =  39'2  per  cent. 

Dikydroxy-a-dicamphylic  ctcid  does  not  yield  an  oxime  when  treated 
in  alkaline  solution  with  hydro xylamine,  the  acid  being  recovered  by 
acidifying  and  extracting  with  ether.  When,  however,  it  is  digested 
with  acetic  anhydride,  it  yields  an  acetyl  derivative,  the  composition 
of  which  could  not  be  determined  with  certainty  owing  to  lack  of 
material.  When  the  pure  acid  (05  gram)  was  digested  with  5  grams 
of  acetic  anhydride  and  the  solution  allowed  to  concentrate  over 
powdered  caustic  potash  in  a  vacuum  desiccator,  glistening,  six-sided 
plates  separated,  which  melted  somewhat  indefinitely  at  174 — 175°, 
and  gave,  on  analysis,  the  following  results  : 

0  1012  gave  0-2319  CO2  and  00636  H2O.     0  =  62*3;  H  =  6-9. 
C^jHjgOg  requires  C  =  62*8  ;  H  =  6*7  per  cent. 

When  boiled  with  water,  this  acetyl  compound  is  hydrolysed  into 
acetic  acid  and  dihydroxy-a-dicamphylic  acid,  and  it  is  exceedingly 
probable  that  it  is  a  diacetyl  derivative  having  the  formula 

C„H«,(OC,H,0),(CO,H)^ 

*  This  oil  contained  about  1  gram  of  unchanged  a-dicamphylic  acid,  which  was 
isolated  by  conversion  into  the  calciaro  salt  and  subsequent  treatment  with  hydro* 
chloric  acid. 
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iaoBromodihydro-P-camphi/lic  Aeid^  CgHjgBfCOgH,  and  fiCamphylic'^ 
Acid,  CgHn'COgH. 

The  formation  of  )8-camphylic  acid  from  chlorodihydro-y3-camphylio 
acid  (or  broraodihydro-^-camphylic  acid  ♦)  by  the  action  of  alcoholic 
potash,  C8Hj2CIC02H:  =  C8HiiC02H  +  HCI,  has  already  been  described 
(Trans.,  1898.  73,  826). 

Most  of  the  material  used  in  the  present  research  was,  however, 
prepared  by  the  method  described  on  p.  847.  The  crude  ^-camphylic 
acid  thus  obtained  usually  melts  at  about  90 — 100°,  and  contains 
traces  of  a-camphylic  acid  and  other  impurities  which  are  very 
difficult  to  remove  ;  it  may  be  purified  by  repeated  recrystallLsation 
from  dilute  acetic  acid,  but  the  process  is  exceediogly  tedious.  A 
sample  which  had  been  purified  in  this  way,  and  which  melted  at 
101 — 103°,  gave,  on  analysis,  the  following  results  : 

0-1718  gave  04438  COj  and  0*1301  HgO.     C  =  70-5;  H  =  8-4. 
C9H12O2  requires  C  =  71*0  ;  H  =  7'9  per  cent. 

A  simpler  and  more  satisfactory  method  of  purification,  which, 
however,  is  attended  with  considerable  loss,  consists  in  first  converting 
the  crude  acid  into  wobromodihydro-^-camphylic  acid,  which  is  easily 
obtained  quite  pure,  and  then  regenerating  the  y3-camphylic  acid  by 
the  elimination  of  hydrogen  bromide.  The  preparation  of  hohromo- 
dihi/dro-f3-camphylic  acid  is  as  follows.  Crude  ^-camphylic  acid  (20 
grams)  is  dissolved  in  20  c.c.  of  glacial  acetic  acid,  cooled  until 
crystallisation  just  commences,  and  then  a  saturated  solution  of 
hydrogen  bromide  in  acetic  acid  (35  c.c.)  added,  and  the  mixture 
allowed  to  remain  for  two  days  in  a  cool  place. 

The  cake  of  glistening  crystals  which  will  have  separated  is  col- 
lected at  the  pump,  drained  on  a  porous  plate,  and,  if  necessary, 
further  purified  by  rapid  recrystallisation  from  light  petroleum  (b.  p. 
80—100°)  : 

0-2112  gave  0-1710  AgBr.     Br  =34  4. 

C^HigOgBr  requires  Br  =  34-3. 

*  As  this  decomposition  has  an  important  bearing  on  the  qaestioii  of  the  con> 
stitation  of  /S-camphylic  acid,  it  was  again  investigated  and  confirmed  in  the  follow- 
ing way. 

BroiDodihydro-/3-camphylio  acid  was  carefully  purified  by  repeated  reeryitallisation 
from  light  petroleum,  whou  it  molted  at  130—131"  (the  previoosly  observed  melting 
point  of  a  specimen  crystallised  from  formic  acid  was  128-— 129°).  Thij  pare  bromo- 
acid  was  then  decomposed  by  alcoholic  potash  and  the  resulting  acid,  aifter  crystal* 
lisation,  melted  at  103— 104^  That  this  was  fi-campKylic  add  was  proved  by  analysis 
and  by  the  fact  that  when  mixed  with  a  sample  of  this  acid  which  had  been  pre> 
pared  by  the  method  described  on  p.  867,  no  alteration  iu  the  melting  point  could 
be  observed. 
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UoBromoHk^dw^^camfJkyiietMid  melu  at  about  137— ISS^",  and  U 
varj  sparingly  M>luble  id  light  petroleum  in  the  cold  and  not  very 
r^»adily  so  on  boiling.  When  left  in  a  vacuum  desiccator  over  caustic 
potash,  the  aootio  acid  mother  liquors  of  this  substance  gradually 
iepoeit  a  further  quantity  of  crystals  of  the  same  bromo-acid»  and 
ibe  dark  tiltrate  from  these  yields,  on  pouring  into  water,  an  ochre- 
coloured  precipiute.  This  was  oollected,  dried  on  porous  plates,  and 
then  reorystallised  from  light  petroleum.  The  feathery  needles  which 
separated  were  found  to  consist  of  pure  dibromoUUrtthydroa-wmphylie 
acid  (see  pp.  843,  851). 

«spBromodihydro-/8-camphylic  acid  is  isomeric  with  the  acid 
previously  obtained  by  the  action  of  heat  on  sulphocamphylic  bromide 
(Trans.,  1898,  73,  827),  and  which  melU  at  130°.  The  mo8t  striking 
difference  between  these  two  isomerides  is  their  behaviour  on  beating. 
The  latter  is  very  stable  and  may  be  distilled  without  decomposition, 
whereas  uobromodihydro-^-camphylic  acid  is  at  once  decomposed  on 
heating  with  elimination  of  hydrogen  bromide. 


Action  rf  ira<sr  on  isoBromodihi/dro-p-camphi/lic  Acid.     Formation 
of  p'Camphi/lic  Acid. 

When  the  finely-powdered  bromo-acid  is  mixed  with  water  and 
heated  on  the  water-bath,  it  rapidly  melts  and  sinks  as  a  heavy  oil, 
and  soon  undergoes  decomposition  into  hydrogen  bromide  and  )S-cam- 
phytic  acid,  the  change  being  apparently  a  quantitative  one.  After 
half  an  hour,  the  mass  is  cooled,  the  precipitate  collected,  and  re- 
crystallised  from  dilute  acetic  acid,  from  which  it  separates  in  striated 
plates: 

01440  gave  03730  CO,  and  01060  H,0.     0  =  707  ;  H  =  8-2. 
0-1586     „     0-4125  CO,    „    01144  H,0.     0-709;  H  =  80. 
CjH„0,  requires  0  =  710;  H  =  7-9  per  cent. 

Prepared  in  this  way,  fi-camphylie  acid  melts  at  about  104^  but 
not  quite  sharply,  and  repeated  recrystallisation  raises  the  melting 
point  to  about  105 — 106°.  It  is  very  readily  soluble  in  alcohol,  ether, 
and  mofet  other  organic  solvents,  but  is  very  sparingly  so  in  water. 
If,  however,  the  finely-divided  acid  is  boiled  with  much  water,  it 
dissolves  i^preciably,  and  the  solution,  after  filtering,  deposits,  on 
cooling,  feathery  crystals  of  the  pure  acid. 

It  sublimes  slowly  at  80 — 90°,  and  is  readily  volatile  in  steam  ; 

when  distilled   under  reddbed  pressure,  it  passes  over,  without  any 

ecomposiiioo,  at    192°  (120  mm.),  and,  indeed,  it  may  be  distilled,  in 

aall    quantities,  under    the  ordinary   pressure    with    little   decom- 

pc»sition,  the  boiling  point  being  about  248°  (740  mm.).     This  boiling 
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point  is  exactly  the  same  as  that  of  a-camphylic  acid,  and  in  order  to 
be  sure  of  this,  both  determinations  were  made  on  the  same  day  and 
in  the  same  apparatus. 

When  left  in  contact  with  light  and  air,  )3-camphylic  acid  becomes 
yellow,  and  when  distilled  a  quantity  of  a  dark  brown  resin  (probably 
a  polymeride,  see  p.  862),  which  boils  at  a  very  high  temperature,  is 
left  in  the  retort.  This  behaviour  has  not  been  observed  in  the  case 
of  acamphylic  acid. 

The  solution  of  the  acid  in  sodium  carbonate  decolorises  perman- 
ganate instantaneously. 

Salts  oj  ft-Camphylic  Acid. — The  silver  salt,  CgHjj'COgAg,  is 
obtained  as  a  white,  distinctly  crystalline  precipitate  when  silver 
nitrate  is  added  to  a  slightly  alkaline  solution  of  the  ammonium  salt. 

It  is  not  readily  acted  on  by  light,  and  when  heated  in  a  test-tube 
it  yields  a  yellow,  oily  distillate,  which  solidifies  on  cooling  : 

0-2372  gave   0-3610  COg,  0-0938  H2O,  and   0*0992  Ag.    0  =  41-5; 
H  =  4-4;  Ag=-41-8. 
CgHiiOgAg  requires  0  =  41-7  ;  H-4-3;  Ag  =  41-7  per  cent. 

The  neutral  solution  of  the  ammonium  salt  gives  white,  amorphous 
precipitates  with  lead,  zinc,  and  cadmium  chlorides,  a  pale  green 
precipitate  with  copper  acetate,  but  the  barium  and  calcium  salts  are 
readily  soluble  in  water. 

)8-0amphylic  acid  differs  sharply  from  the  isomeric  a-acid  (p.  853) 
in  that  it  does  not  appear  to  be  capable  of  being  reduced  by  means  of 
sodium  amalgam.  The  pure  acid  (5  grams)  was  dissolved  in  dilute 
aqueous  caustic  soda,  a  large  excess  of  freshly  prepared  sodium 
amalgam  was  added  in  small  quantities  at  a  time,  the  solution  being 
heated  to  boiling  during  the  whole  operation  and  until  the  amalgam 
was  decomposed.  On  acidifying,  a  white  crystalline  acid  separated, 
which,  after  crystallising  from  dilute  acetic  acid,  melted  at  104 — 106°, 
and  consisted  of  unchanged  ^-camphylic  acid : 

01226  gave  03190  00.^  and  0*0866  VLfi.     0  =  70-9;  H-7-9. 
O9H12O2  requires  0  =  71-0;  H  =  79  per  cent. 

As  this  behaviour  was  difficult  of  explanation,  the  experiment  was 
repeated,  but  exactly  the  same  result  was  obt-ained.* 

*  Since  /3  catupholytic  auid  is  the  principal  product  obtained  when  snlphocara- 
phylic  acid  is  fused  with  caustic  soda  in  a  cast  iron  vessel  (Trans.,  1898.  78*  829)» 
it  seoms  prob  ible  that  both  a-  and  /3-camphylio  acids  are  reduced  to  6-campholytie 
acid  by  the  action  of  iron  at  the  iiigh  temperature  of  the  fasion. 


\v 
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Utaoxydikydr<hp<amphylxe  Acid,  C,H„(OM0)*OO,H. 

1 1  has  just  been  stated  that  when  wobromodihydro-^  camphylic  acid 
s  boiled  with  water  it  is  readily  decomposed  with  formation  of 
}^mmphylio  acid,  and  it  is  therefore  remarkable  that,  when  digested 
ith  methyl -alcoholic  potash,  the  reaction  should  proceed  in  quite 
I  differeat  direction  with  the  formation  of  methoxydihydro-p-camphylie 
cid : 

CgH„Br-CO,H   +   MeOK   -   C8H,2(OMe)-COjH   +   KBr. 

isoBromodihydro-^-camphylic  acid  (5  grams)  was  dissolved  in  a  solution 
of  caustic  potash  (5  grams)  in  absolute  methyl  alcohol,  when  potassium 
bromide  began  to  separate  at  once,  the  liquid  becomiDg  quite  warm. 

After  boiling  for  a  few  minutes  on  the  water-bath,  water  was  added 
and  the  solution  evaporated  until  free  from  methyl  alcohol. 

On  acidifying,  an  oil  was  deposited  which  was  extracted  with  ether, 
the  ethereal  solution  dried  over  calcium  chloride  and  evaporated,  wh«n 
an  oily  residue  was  obtained  which  soon  began  to  crystallise,  and  on 
remaining  overnight  became  almost  solid.  In  contact  with  porous 
l>orcelain,  the  oily  impurity  was  gradually  absorbed,  and  the  residue, 
ifter  washing  with  a  little  light  petroleum  and  crystallising  from  the 
:ime  solvent,  was  obtained  in  the  form  of  hard,  glistening,  crystalline 
rusts,  which  melted  at  94°  : 

01436  gave  03049  COg  and  01128  H,0.    0  =  648;  H  =  8-7. 
0-1584     „     0-3781002    „    01248  HgO.     0  =  651 ;  H  =  8-8. 
OjoHigOg  requires  0  =  65  2  ;  H  =  87  per  cent. 

Muhoxydihydrxhp-camphylic  (icid  is  very  readily  soluble  in  alcohol, 
benzene,  and  hot  light  petroleum,  and  is  a  saturated  acid,  since  it« 
solution  in  sodium  carbonate  does  not  reduce  permanganate. 

The  silver  salt,  0gHjj(0Me)*002Ag,  prepared  by  precipitating  the 
neutral  solution  of  the  ammonium  salt  with  silver  nitrate,  was  a 
sparingly  soluble,  caseous  precipitate  : 

01833  gave  02760  00^  j  00829  HjO,  and  00675  Ag.     0  =  41-0; 
H  =  5-0;  Ag  =  36-8. 
OjoHijOjAg  requires  0-412  ;   H  =  51  ;  Ag  =  37-1  per  cent. 

The  neutral  solution  of  the  ammonium  salt  gives  no  precipitate 
with  barium  or   calcium   chloride,   but   copper  sulphate   produces  a 

Sish-green,  caseous  precipitate. 
Che  constitution  of  this  acid  may,  of  course,  be  easily  deduced  from 
t  of  i«obromodihydro-)3-camphylic  acid  (p.  847)  by  substituting  the 
;hoxy-group  for  the  bromine  atom  in  that  formula. 
roh.  Lxxxiu.  3  M 
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Dibroinodihydro-p-camphylic  Acidj  CgHjjBrg'COgH,  and  Bromo-ycam- 
phytic  Acid,  CgHjoBr-COjH. 

)3-Camphylic  acid  reacts  very  readily  with  bromine,  the  addition 
taking  place  almost  quantitatively  in  chloroform  solution,  as  the 
following  experiment  shows.  Two  grams  of  the  acid,  dissolved  in 
chloroform,  decolorised  2*04  grams  of  bromine,  whereas,  according 
to  the  equation  C8Hj^-C02H  + Br2  =  C8H,iBr2-C02H,  21  grams  of 
bromine  should  have  been  absorbed. 

The  product  was  allowed  to  remain  on  a  flat  watch-glass  until  the 
chloroform  had  evaporated,  and  the  crystalline  residue  ground  up  with 
light  petroleum  to  remove  a  slight  trace  of  oily  impurity,  and  then 
rapidly  recrystallised,  first  from  the  same  solvent  and  then  from 
benzene.  The  dibi'omodihydro-P-camjyhylic  acid  separates  from  benzene 
in  glistening  plates,  which  melt  at  about  172°  with  rapid  decomposition  : 


0-2120  gave  0-2531  AgBr.      Br  =  50*8. 

CgHjgOgBrg  requires  Br  =  5 1*2  per 


cent. 


A  more  convenient  way  of  preparing  small  quantities  of  this 
dibromo  acid  is  the  following  : 

)3-Camphylic  acid  (1  gram)  is  dissolved  in  a  little  glacial  acetic  acid 
and  treated  with  bromine  (1*1  grams),  dissolved  in  acetic  acid;  a  quantity 
of  crystals  of  the  pure  dibromo-acid  slowly  separates.  The  filtrate 
from  these  crystals,  if  left  over  powdered  caustic  potash  in  a  desic- 
cator, deposits  a  crust  of  the  same  acid  which,  if  washed  with  a  little 
acetic  acid  to  remove  a  slight  amount  of  oily  impurity,  melts  at 
168 — 170°  with  decomposition  and  is  almost  pure. 

Dibromodihydro-)8-camphylic  acid  is  readily  soluble  in  alcohol  and 
in  hot  benzene,  but  almost  insoluble  in  cold  light  petroleum.  When 
heated  in  a  test-tube,  it  decomposes  with  evolution  of  much  hydrogen 
bromide,  and  the  residue  distils  almost  completely  as  a  pale-green  oil 
which  solidifies  on  stirring.  When  either  treated  in  the  cold  with 
alcoholic  caustic  potash  or  boiled  with  acetic  acid  or  diethylaniline,  it 
loses  hydrogen  bromide,  and  is  converted  into  bromo-y-camphylic  acid, 

CgHiiBrj-COjH  -  CgHioBr-COjH  +  HBr. 

£xpt.  I. — The  dibromo-acid  (1  gram)  was  heated  with  diethylaniline 
(5  grams)  just  to  boiling,  the  product  was  then  poured  into  dilute 
hydrochloric  acid,  and  the  precipitate  collected,  dissolved  in  sodiam 
carbonate,  and  boiled  with  animal  charcoal.  The  colourless  filtrate  was 
acidified,  and  the  precipitate  recrystallised  from  light  petroleum,  when 
glistening  plates  were  obtained  which  melted  at  148 — 152^  and  con- 
sisted of  bromo-y-camphylic  cLcid  : 
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0  1 790  ga?e  0S076  00^  and  0*0806  Kfl,    0  -  46*8  ;  H  •  50. 
0  2008     ..     0-2108  AgBr.     Br-34*4. 

C,U,jO,Br  require!  C- 46-7;  H-4-7;  Br -34  6  per  cent. 

EjBfd,  //.—The  dibromo-add  (5  grams)  was  dissolved  in  50  grams  of 
glacial  acetio  acid  and  heated  to  boiling  in  a  reflux  apparatus,  when 
mueh  hydrogen  bromide  was  eliminated,  and  as  soon  as  this  ceased  to 
be  given  off,  the  proiluct  was  poured  into  water  and  allowed  to  remain 
overnight.  The  brown,  crystalline  precipitate  was  purified  by  treating 
its  solution  in  sodium  carbonate  with  animal  charcoal,  and  subsequently 
recrystallising  the  acid  from  light  petroleum  exactly  as  in  Expt.  I. 
The  bromo-acid  thus  obtained  softened  at  about  146*^,  melted  at  152°, 
and  gave  the  following  results  on  analysis 


01 143  gave  0*0928  AgBr    Br  =  34  6. 

CjH„0,Br  requires  Br  -  34* 


•6  per  cent. 

£xpi.  III. — ^Tbe  following  is  perhaps  the  most  convenient  process 
for  preparing  bromo-7^camphylic  acid.  The  dibromo-acid  is  dissolved 
in  cold  methyl  alcohol  and  mixed  with  an  excess  of  a  filtered  solution 
of  methyl-alcoholic  potash.  In  a  short  time,  the  liquid  becomes  cloudy, 
owing  to  the  separation  of  potassium  bromide,  and  after  an  hour  the 
whole  is  heated  just  to  boiling  and  then  poured  into  excess  of  dilute 
hydrochloric  acid.  The  colourless,  crystalline  mass  which  separates  is 
then  recrystallised,  when  it  melts  at  about  152°,  and  is  identical  with 
the  acid  obtained  by  either  of  the  two  processes  described  above. 

Bromo-y-camphylic  acid  is  readily  soluble  in  hot,  but  only  sparingly 
so  in  cold  light  petroleum ;  it  dissolves  readily  in  alcohol  and  benzene, 
but  is  almost  insoluble  in  water,  even  on  boiling. 

The  bromine  atom  in  this  acid  is  very  firmly  attached,  since  it  is 
only  very  slowly 'eliminated  on  boiling  with  caustic  potash,  and  the 
acid  remains  unchanged  when  its  alcoholic  solution  is  digested  with 
zinc  dost  and  acetic  acid.  Again,  when  dissolved  in  sodium  carbonate 
and  treated  with  a  large  excess  of  sodium  amalgam,  the  unchanged 
icid  separates  on  acidifying.  The  formula  assigned  to  this  acid  on 
[K  847  affords  a  ready  explanation  of  the  remarkable  stability  which 
this  bromo-acid  exhibits,  especially  towards  alkalis,  as,  according  to 
liis  formula,  there  is  no  adjacent  hydrogen  atom  with  which  the 
bromine  atom  can  combine  to  form  hydrogen  bromide. 

Oxidalion  of  fi-C*mphylic  Acid, 

In  investigating  this  oxidation,  10  grams  of  the   pure  acid  were 

folved  in  dilute  sodium  carbonate  and  treated  with  permanganate 
f*  in  the  presence  of  earbon  dioxide,  exactly  as  described  in  the 
of  a-camphylic  aoid    (p.  855).     Since,   after  concentrating  and 
3M2 


872  ISOMEUIC   a-   AND  /3-CAMPHYLIC   ACIDS. 

acidifying,  ether  only  extracted  a  portion  of  the  product,  the 
whole  was  evaporated  to  dryness  and  extracted  with  ether  in  a 
Soxhlet  apparatus.  The  ethereal  solution  was  dried  over  calcium 
chloride  and  evaporated,  when  a  viscid  syrup  was  obtained  which,  even 
after  renaainiog  some  days  over  sulphuric  acid  in  a  vacuum  desiccator, 
showed  no  signs  of  crystallising,  and  which  on  analysis  gave  numbers 
agreeing  closely  with  those  required  by  the  formula  CgHj^Oy  Two 
different  preparations  were  analysed  with  the  following  results : 

01391  gave  0-2732  CO2  and  00942  HgO.     0  =  535;  H  =  7-5. 
01803     „      0-3512  OO2    „    0-1219  H2O.     0  =  53-1  ;  H  =  7-5. 
OgHj^Og  requires  0  =  53  5  ;  H  =  69  per  cent. 

On  titration,  the  substance  gave  results  which  show  that  it  is  a 
monobasic  acid.  04906  gram  dissolved  in  water  neutralised  0*134  gram 
KOH,  where  IS  this  amount  of  a  monobasic  acid,  OgHj^O^,  should 
neutralise  0-136  gram  KOH.  This  acid  is  probably  a  ketodihydroxy- 
dihydro-p-camphylic  acid  having  the  formula  given  on  p.  845. 

This  syrupy  acid  was  now  dissolved  in  water  and  digested  with 
sodium  dichromate  and  sulphuric  acid  until  no  further  action  took 
place.  On  distilling  the  product  in  steam,  the  odour  of  acetone  was 
very  noticeable,  and  the  first  portions  of  the  distillate  gave,  with 
7?bromophenylhydrazine  acetate,  a  copious  precipitate  of  acetone 
j9-bromophenylhydrazone  (m.  p.  93°).  The  residue  was  saturated  with 
ammonium  sulphate  and  repeatedly  extracted  with  ether  and  the 
ethereal  solution  evaporated,  when  an  oil  was  obtained  which  smelt  of 
acetic  acid,  and  which  after  some  months,  became  semi-solid  owing  to 
the  separation  of  a  quantity  of  needle-shaped  crystals.  These  were 
freed  from  the  oily  mother  liquor  by  contact  with  porous  porcelain, 
and  then  crystallised  from  hydrochloric  acid,  when  co^lourless  crystals 
were  obtained  which  melted  at  140°,  and  consisted  of  aa-dimethyl- 
succinic  acid,  COaH-CMea-CHj-COgH  : 

01561  gave  0-2809  00^  and  00985  H^O.     C  =  49*1 ;  li  =  7*0. 
CgHjoO^  requires  C  =  49'3;  H  =  6-9  per  cent. 

This  acid  yielded  the  characteristic  calcium  salt,  and  its  identity 
with  aa-dimethylsuccinic  acid  was  further  demonstrated  by  mixing 
it  with  a  sample  of  this  acid  which  had  been  prepared  from  ethyl 
malonate,  when  no  alteration  in  the  melting  point  could  be  observed. 

In  conclusion,  the  author  wishes  to  state  that  much  of  the  heavy 
expense  incurred  in  carrying  out  this  investigation  has  been  met  b^ 
repeated  grants  from  the  Research  Fund  of  the  Royal  Sooietv, 

The  Owbns  Colleoi, 
Makchestbr. 
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L XX XVI. — Isomeric  Partially  liacemic  Salts  containing 
QuinqueraUnt  Nitrogen,  Part  VIII.  Resolution 
of  the  a-Modification  of  Hydrindamine  Bromo- 
ca  mphorsulphon  ate. 

By  FaEDBRic  Stanley  Kipping. 

In  prU  1  — VII  of  this  series  of  papers  (Trans.,  1900,  77,  8GI  ;  1901, 
70,  430),  the  author  has  described  the  isolation  and  properties  of 
several  pairs  of  isomeric  salts,  distinguished  as  a-  and  yS-salts,  which 
he  obtained  by  the  combination  of  (//-hydrindamine  with  cZ-bromo-  and 
r/-chloro>camphorsulphonic  acids,  and  with  ct«-7r-camphanic  acid,  and 
also  by  the  combination  of  benzylhydrindamine  with  the  t/-bromo- 
acid.  The  facts  established  in  the  investigation  of  these  compounds 
led  to  the  conclusion  that  in  every  case  both  the  isomeric  salts  contain 
an  externally  compensated  base  ;  consequently,  any  explanation  of  their 
isomerism  based  on  the  assumption  that  the  resolution  of  the  base  had 
occurred  was  to  be  regarded  as  untenable. 

This  limitation  imposed  the  necessity  of  advancing  some  other 
explanation  of  the  existence  of  such  isomerides,  which  were  apparently 
of  a  type  previously  unknown,  and  after  a  consideration  of  all  the 
facts  {loc.  cU.),  the  view  embodied  in  the  following  statements  was  pro- 
visionally adopted  : 

(a)  The  two  unoccupied  valencies  of  the  quinquevalent  nitrogen 
atom  of  an  amino-group,  which  is  a  component  of  an  optically  active 
compound,  cannot  be  identically  situated  with  regard  to  the  molecule 
as  a  whole. 

(b)  When  such  an  amino-group  combines  with  the  ions  of  an  acid, 
union  may  take  place  in  two  ways,  thus  giving  rise  to  isomeric  salts. 

(c)  An  externally  compensated  base  such  as  hydrindamine  might 
therefore  give  rise  to  four  different  salts,  two  being  formed  from  the 
d-  and  two  from  the  /-modi6cation,  as  indicated  below  : 


^•Hydrindninine. 

MIydi 

lindaniino. 

a   b  C 

a   b   c 

a   c   b 

a    c    b 

Y 

X-N-H 

Y 

H-N-X 

X-N-II 

Y 

U-N-X 

/\ 

iCh 

,{\ 

.A. 

{d}  These  four  compounds  might  then  unite  in  pairs  to  produce 
isomeric  partially  racemic  salts  such  as  the  a-  and  /3-3iodifications  of 
hydiindamine  bromocamphorsulpLonate. 
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According  to  this  view,  each  of  the  isomeric  salts  consists  of  two 
components,  one  derived  from  (/-hydrindamine,  the  other  from  the 
enantiomorphously  related  ^-base,  and,  further,  each  optically  active 
base,  if  isolated,  should  give  two  different  salts  when  combined  with 
the  c^acid ;  both  these  deductions  have  now  been  established  ex- 
perimentally, and  the  further  study  of  these  and  of  similar  compounds 
thus  seems  to  point  to  the  existence  of  isomeric  nitrogen  compounds  of 
the  type  NRjRgHg. 

The  present  paper,  part  VIII,  contains  an  account  of  the  resolution 
of  the  partially  racemic  a-salt,  obtained  from  c?/-hydrindamine  and 
(Z-bromocamphorsulphonic  acid,  into  the  salts  of  the  d-  and  Abases  ; 
although,  for  reasons  which  will  appear  later,  it  is  difficult  to  decide 
which  should  be  regarded  as  the  dextro-  and  which  as  the  laevo-rotatory 
base,  these  two  components  of  the  a-salt  may  be  distinguished  as  the 
ad-  and  a^isomerides  respectively  ;  the  partially  racemic  a-salt  then  is 
a  crystalline  combination  of  equal  or  approximately  equal  quantities 
of  these  isomerides. 

The  resolution  of  the  partially  racemic  a-salt  is  accomplished  with 
the  aid  of  ethyl  acetate  under  special  conditions.  As  previously 
stated  (Trans.,  1900,  77,  861),  this  salt  may  be  repeatedly  crystallised 
fractionally  from  warm  or  cold  water,  dilute  alcohol,  or  dilute  acetone 
without  undergoing  any  appreciable  change,  and  crystallisation  from 
warm  ethyl  acetate  under  ordinary  conditions  also  fails  to  resolve  it 
into  its  components  ;  when,  however,  crystallisation  is  carried  out  at 
the  boiling  point  of  the  solution,  the  latter  deposits  the  a'i-salt,  and 
the  mother  liquors  give  a-salt,  together  with  a  large  proportion  of 
unchanged  a-salt,  which  is  separated  and  treated  again. 

The  ad-  and  a^salts  are  easily  obtained  in  a  state  of  purity ;  they 
both  crystallise  in  anhydrous  prisms  (the  partially  racemic  o-salt  con- 
tains 51  per  cent.  HgO)  melting  at  about  222°  and  130°  respectively  ; 
they  have  practically  the  same  specific  rotation  in  aqueous  solution, 
but  in  chloroform  their  values  are  very  different,  as  shown  by  the 
following  data  : 

[a\o  in  water.       [a\n  in  chloroform.     [M]o  in  water. 

aciJ-Salt +6P  +30°  +271 

o?-Salt +60  +60  +266 

The  molecular  rotation  in  aqueous  solution  approximates  very 
closely  to  270°  in  both  cases,  and,  as  this  is  the  value  of  the 
molecular  rotation  of  the  acidic  ion,  it  is  obvious  that  the  basic  ions 
are  practically  devoid  of  optical  activity  ;  that  the  bases  of  the  ad-  and 
a/-salts  do  actually  represent  the  d-  and  /forms  of  hydrindamine  is 
proved,  however,  by  the  following  facts.  (1)  A  concentrated  solution 
in  very  dilute  alcohol  of  the  base  obtained  from  the  act-salt  is  dextro- 
rotatory, whilst  a  similar  solution  of  the  base  of  the  a/-salt  is  Itevo- 
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rotatory.  (3)  The  two  bases  give  hydrochlorides,  pUtinichloride«, 
and  piorates  which  ar«  identical  in  melting  point,  crystalline  form, 
and  oth«r  ordinary  properties,  bat  when  combined  with  optically 
active  acids  such  as  <i-bromo-  and  <i-chloro-camphor8ulphonic  acids, 
cis-vHsamphanic  acid,  and  Reychler's  cam phorsul phonic  acid,  they  give 
rise  to  salts  which  differ  in  melting  point,  Sk, 

It  is  an  interesting  fact  that  in  some  of  their  salts  the  bases  appear 
to  be  almost  optically  inactive  and  that  the  slight  activity  which  the 
salts  doubtless  possess  is  of  opposite  sign  to  that  of  the  bases  them- 
selves ;  thus,  a  15  per  cent,  solution  of  the  hydrochloride  of  that  base 
which  is  dextrorotatory  in  aqueous  alcoholic  solution  shows  a  lasvorota- 
tion  of  [a]D  —  0*8° ;  these  observations  do  not,  of  course,  throw  any  doubt 
n  the  enantiomorphous  relationship  of  the  bases,  but  they  explain  the 
V  losely  approximating  values  of  the  molecular  rotations  of  the  ad-  and 
oZ-isomerides   in  aqueous   solution.     They  also  show   that  the  mere 
fact  that  the  salt  of  an  optically  active  acid  has  the  same  molecular 
rotation  as  the  acid  itself  cannot  be  accepted  as  evidence  that  the  base 
is  not  enantiomorphous ;   in  other   words,  optical   examination  may 
frequently  fail  to  distinguish  between  a  salt  of  the  type  dAdB  on  the 
one  hand,  and  a  partially  racemic  salt  on  the  other.  The  ad-  and  a^salts 
indergo  no  change  when  repeatedly  crystallised  from  water,   dilute 
ilcohol,  or  other  solvents,  and  the  bases  liberated  from  these  salts  do 
not  undergo  racemisation  when  kept  at  the  ordinary  temperature  or  when 
distilled  in  a   current  of   steam,  except  possibly  to  a  very  minute 
extent,  this  statement  being  based  on  the  fact  that  when   the  dis- 
illed  base  is   recombined   with   cZ-bromocamphorsulphonic    acid    the 
i^^ulting  salt  is  always  free  from  the  partially  racemic  a-  and  ^-salts. 
The  salt  thus  obtained  by  combining  the  optically  active  base  of 
he  ou2-compound  with  the  c^bromo-acid,  and  which  will   in   future  be 
termed  the  regenerated  salt,  is  nevertheless  different  from  the  original 
substance  ;  similarly,  the  regenerated  a/salt  is  not  identical  with  the 
original  one,  this  difference  being  proved  in  the  following  manner. 
When  equal  quantities  of  the  a(Z-  and  a^salts,  obtained  by  the  resolu- 
tion of  the  a-salt,   are  mixed  together   and  the  product  crystallised 
'ractionally    from    water,  all    the   fractions   consist   of    the  partially 
icemic  a-salt ;  but  a  mixture  of  regenerated  ad-  and  o^salts,  treated 
10  the  same  way,  gives  both  the  a-  and  the  /3-partially  racemic  salts. 
This  behaviour  is  a  necessary  consequence    of   the   views  already 
X pressed,  and  may  be  regarded  as  affording  them  strong  support. 
I  he   suggested  explanation  is  that  each  of  the  free  optically  active 
leases  combines  with  the  aoid,  giving  rise  to  very  unequal  quantities 
of  two  isomeric  salts ;  the  regenerated  salt  of  the  (i-base  is  a  mixture 
of  ad  and   a  new  isomeride,   )3c/,  whilst  the  regenerated  salt  of  the 
/-base  contains,  in  addition  to  a/,  a  new   isomeride,  /3/.     When  the 
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regenerated  salts  are  mixed  and  crystallised,  ad  and  al  are  deposited 
together,  forming  the  partially  racemic  a-salt,  whilst  fid  and  fil 
(together  with  the  a-forms,  compare  p.  890)  give  the  partially  racemic 
)3  salt.  As  the  a-isomeride  is  produced  in  by  far  the  larger  proportion, 
and  as,  moreover,  the  ad-  and  /3(Z- varieties  are  very  similar,  an 
ordinary  series  of  fractional  crystallisations  of  the  regenerated  salt 
fails  to  reveal  the  presence  of  the  /3d-vsLr\ety,  and  it  is  probable  that 
this  isomeride  has  not  even  yet  been  isolated  in  a  pure  condition  ;  in 
the  case  of  the  regenerated  a^compound,  however,  a  complete  separation 
of  the  al-  and  /^/-components  is  possible,  and  both  have  been  carefully 
examined. 

The  results  of  the  further  investigation  of  the  partially  racemic 
a-salt,  produced  from  fZ/-hydrindamine  and  (Z-bromocamphoraul phonic 
acid,  in  so  far  as  they  bear  on  this  question  of  isomeric  salts  of  the 
type  NRjR^^lg,  are  fully  borne  out  by  those  obtained  during  the  study 
of  the  isomeric  partially  racemic  j8-salt. 

Experimental. 
Resolution  of  the  'partiaXly  Racemic  a- Salt. 

The  partially  racemic  a-modification  of  hydrindamine  bromo- 
camphorsulphonate,  freed  from  the  isomeric  )3-3alt  by  repeated 
crystallisation  from  water,  is  roughly  dried  in  the  air  and  dissolved 
in  a  very  small  quantity  of  anhydrous  ethyl  alcohol ;  the  solution  is 
then  evaporated  in  a  beaker  on  the  water-bath,  where  it  is  left  for 
some  time  in  order  to  expel  as  much  water  as  possible  and  most  of 
the  alcohol. 

The  syrup  which  remains  is  mixed,  while  still  hot,  with  anhydrous 
ethyl  acetate,  placed  again  on  the  water-bath,  and  the  solution  stirred 
vigorously.  If  too  much  alcohol  be  present,  a  precipitate  is  not  pro- 
duced, whereas  if  too  much  ethyl  acetate  be  added,  unchanged  a-salt, 
or  what  seems  to  be  such,  may  be  deposited,  particularly  if  the  tempera- 
ture of  the  solution  be  allowed  to  fall ;  with  suitable  proportions  of 
the  two  solvents,  however  (a  condition  which  is  best  attained  by  adding 
the  ethyl  acetate  in  small  portions  at  a  time),  the  hot  solution  gives 
a  deposit  of  minute  needles,  which  gradually  increases  in  quantity  on 
leaving  the  solution  simmering  on  the  water-bath.  This  deposit, 
which  consists  of  the  adsaXt,  must  be  rapidly  separated  by  filtration 
through  a  hot  funnel,  for  if  the  solution  be  allowed  to  oool  it  sets  to 
a  solid  mass  composed  of  either  the  partially  racemic  salt,  or  an 
intimate  mixture  of  the  atl-  and  aZ-components. 

The  original  filtrate  is  immediately  poured  back  into  a  beiker  and 
heated  again  on  the  water-bath  with  the  addition  of  a  little  more  ethyl 
acetate,  when  a  second  deposit  may,  or  may  not,  be  obUiined,  aocord- 
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iog  to  the  manner  in  which  the  first  operation  hat  heen  carried  out 
if  no  pranpiUte  b«  produoed,  the  addition  of  a  little  petroleum 
(h.  p.  80— 90^)  will  often  oa«M  the  separation  of  a  second  crop  of 
erjstaU  identical  with  the  first,  but  unless  great  care  is  taken  this 
precipitate  usnallj  oonsists  of  a  mixture  of  the  ad-  and  a/-isomerides. 
For  this  reason,  the  use  of  light  petroleum  is  not  to  be  recommended, 
and  if  ethyl  acetate  fails  to  give  a  precipitate,  the  solution  is  best 
treated^  described  below. 

If  the  resolution  of  the  salt  has  been  successfully  accomplished, 
the  deposit  or  deposits  from  the  hot  solution,  after  having  been 
washed  with  a  little  boiling  ethyl  acetate,  will  melt  at  a  temperature 
of  about  230°,  and  will  separate  from  water  in  long,  distinct  needlep, 
free  from  the  opaque,  felted  masses  of  the  a-salt ;  if,  however,  the 
preetpco  of  the  latter  is  detected  on  crystallising  a  test  portion,  it 
is  best  to  redissolve  the  whole  in  the  least  possible  quantity  of  boil- 
ing ethyl  alcohol  and  again  precipitate  with  ethyl  acetate  from  the 
hot  solution.  The  crude  af/salt  is  finally  crystallised  from  boiling 
water  until  its  melting  point  is  constant  and  the  aqueous  mother 
liquors  do  not  give  the  characteristic  felted  masses  of  the  partially 
racemic  salt,  the  presence  of  which  is  so  easily  recognised  by  inspec- 
tion. The  final  aqueous  filtrates  from  the  a^Z-salt  give  deposits  of  this 
Fait  mixed  with  the  partially  racemic  salt ;  these  two  substances  can 
be  separated  mechanically  to  some  extent,  but  it  is  best  to  evaporate 
the  liquid  to  dryness  and  to  treat  the  residue  as  original  material. 

The  ethyl  acetate  mother  liquors  from  the  original  deposit  of 
(u/salt  still  contain  a  very  large  quantity  of  this  compound  of  higher 
melting  point,  which,  however,  cannot  be  separated  because  the 
solution  is  also  saturated  with  the  a/-isomeride ;  when  allowed  to  cool, 
it  sets  to  a  mass  of  crystals  which  seems  to  consist  of  the  hydrated 
racemic  salt  mixed  with  an  anhydrous  partially  racemic  salt ;  at  any 
rate,  when  this  mass  is  separated  and  dissolved  >n  water,  it  gives  the 
hydrated  partially  racemic  a-salt.  In  order  to  isolate  the  a/-salt,  one 
of  two  methods  may  be  adopted.  (1)  A  few  drops  of  water  are 
added  to  the  hot  ethyl  acetate  mother  liquor,  and  the  solution  is 
allowed  to  cool ;  the  deposit  of  the  partially  racemic  a-salt  is  separated, 
the  mother  liquors  allowed  to  evaporate,  and  further  crops  of  the 
a  salt  again  removed  ;  the  filtrate  is  then  evaporated  to  dryness  and 
the  residue  slowly  crystallised  from  water  or  very  dilute  alcohol ;  this 
solution  deposits  yellow  or  brown  rosettes  of  compact  needles  of  the 
a/*isomeride.  (2)  The  hot  ethyl  acetate  mother  liquors  are  mixed 
with  such  a  quantity  of  ethyl  alcohol  that  crystallisation  takes  place 
only  very  slowly  after  the  mixture  has  cooled  to  the  ordinary  tempera- 
ture ;  the  first  deposits  then  consist  principally  (or  entirely)of  rosettes  of 
compact,  anhydrons  needles  of  the  aZ-salt,  which  is  finally  recrystallised 


878         Dipping:  isomeric  partially  RACEific  salts 

from  hot  water ;  the  alcoholic  ethyl  acetate  filtrate  gives,  on  further 
evaporation,  the  partially  raceraic  o-salt. 

The  partially  racemic  a-salt  obtained  from  the  solutions  by  either 
of  these  methods  is  again  treated  in  the  same  way  as  the  original 
material,  and  a  further  quantity  is  thus  resolved.  By  repeating  these 
operations,  practically  the  whole  is  separated  into  approximately  equal 
quantities  of  its  two  components,  but  the  final  residues,  on  crystallisa- 
tion from  water,  give  a  mixture  of  the  a^salt  and  partially  racemic 
salt  which  cannot  be  easily  separated. 

ad- ffydinndamine  d-Bromocamphorsulphonate. 

The  a(Z-salt,  which  is  deposited  from  the  hot  ethyl  acetate  solution  of 
the  partially  racemic  a-salt,  crystallises  from  hot  water  in  long,  colour- 
less, transparent  needles,  and  from  cold  aqueous  alcohol  in  massive, 
transparent  prisms  exceeding  20  mm.  in  length.  It  melts  at  222 — 223°, 
apparently  without  decomposing,  and  is  anhydrous.  It  is  practi- 
cally insoluble  in  hot  ethyl  acetate  and  petroleum  (b.  p.  80 — 90°), 
and  only  very  sparingly  soluble  in  cold  water,  but  dissolves 
moderately  easily  in  cold  alcohol,  readily  in  hot  alcohol,  boiling 
water,  or  cold  chloroform.  It  undergoes  no  change  when  repeatedly 
crystallised  from  boiling  water  or  other  solvents ;  samples  of  the 
pure  salt,  which  were  fractionally  crystallised  from  water,  gave  deposits 
identical  in  appearance,  melting  point,  and  optical  properties. 

The  specific  rotation  of  the  ac^salt  was  determined  in  aqueous  and 
in  chloroform  solutions,  all  the  samples  having  been  dried  at  100°; 
corresponding  samples  are  indicated  by  letters. 


Substance. 

Solvent. 

Vol.  of 
solution. 

Length  ol 
tube. 

ao. 

[«]o. 

I. 

0-474 

Water 

25  c.c. 

200  mm. 

+  2-27° 

-h59-7° 

II. 

0-5 

»» 

a 

i> 

2-47 

61-7 

III.  (a) 

0-5 

>» 

» 

>» 

2-45 

61-2 

IV.  (b) 

0-5 

>i 

>» 

>i 

2*44 

61-0 

III.  («) 

0-5 

Chloroform 

>» 

ii 

1.42 

35-5 

IV.  (b) 

f  0-4992 
I  0-5040 

»» 

M 

!♦ 

1-17 

29-4 

>» 

)} 

t» 

1-18 

29-2 

V. 

0-599 

tt 

ii 

») 

1-41 

29-4 

VI. 

0-5 

a 

» 

»» 

1-33 

33-2 

VII. 

0'5034 

ti 

>t 

)l 

1-21 

300 

VIU. 

0-4058 

tt    • 

M 

»> 

0-95 

293 

The  results  obtained  for  the  specific  rotation  in  aqueous  solutions 
are  practically  constant ;  neglecting  the  first  sample,  which  wm 
possibly   imperfectly  purified,    the  mean   value  is  [a]o  +  6l°,   which 
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oorratpoods    with    a    molecuUr    roUtioo    [Bi]D-f271^      Sioo«    the 

molMoUr  rolaiioii  of  the  bromooamphorfulphoDio  acid  ii    +  270^  it 

might  be  ooooladod  that  the  basic  ion  of  this  salt  is  optically  inactive 

r  feebly  dextrorotatory,  wherea^  as  a  matter  of  fsct»  in  its  hydro* 

nloride  the  base  shows  a  molecular  rotation  of  [M  ](,-  P. 

The    first    sample    Ilia   ezamioed    in    chloroform    solution    gave 

[«Jd-I-35-50;  the  next  (IV6).  [aJD-l- 29  S'' ;  as  this  difference  was  too 

large  for  experimental  error,  the  sample  IV6  was  crystallised  four  or 

ve  times  from  water,  all  but  about  30  per  cent,  sepu^ating  out.     The 

most  sparingly  soluble  fraction,  V,  gave  [a]„  +  29*4°.     A  fresh  sample, 

VI,  was  then  examined,  this  gave  [a]o  +  33'2°,  and  in  view  of  the 

revious  results,  particular  caro  was  taken  in  reading  the  polarimeter, 

that  it  is  certain  that  the  rotation  was  not  as  low  as  29*3°.     Sample 

I,  which  melted  at  222—223°,  was  then  crystallised  six  times  from 

iter  and  reeolved  into  four  fractions ;  the   first  (VII)  and  the  last 

VIII)   melted    simultaneously   at    223°,  and    gave   [alu  +  30°    and 

.♦•3°  respectively. 

As  it  is  hardly  possible  that  the  abnormally  high  results  obtained 
ith  samples  III  and  VI  could  be  due  to  experimental  error  or  to 
apurity,  it  is  thought  desirable  to  place  them  on  record,  especially  as 
>mewhat  similarly  abnormal  observations  have  been  previously  made 
1  the  case  of  the  partially  racemic  chlorocamphorsulphonates  and 
>  v-camphanates  of  hydrindamine. 

aX'Uydrindamine  d'BrwnoeampKorsulphonaU. 

The  ol-salt,  the  isolation  of  which  is  described  above,  separates  from 
aqueous  solutions  in  long,  colourless,  anhydrous  needles  very  similar 
in  appearance  to  those  of  the  a^salt,  but  not  quite  so  large.  From  its 
solution  in  alcohol,  it  is  deposited,  on  spontaneous  evaporation,  in 
massive,  transparent  prisms  exceeding  20  mm.  in  length.  It  resembles 
the  Ofi-salt  very  closely  in  its  behaviour  towards  different  solvents, 
and,  like  the  latter,  is  practically  insoluble  in  boiling  ethyl  acetate. 
The  fact  that  the  two  components  of  the  partially  racemic  salt  may  be 
separated  in  the  manner  already  described  seems,  therefore,  to  be  due 
to  the  greater  solubility  of  the  a/-oompound  in  a  solution  containing 
both  isomerides. 

When  a  single,  large,  transparent  crystal  of  this  salt  is  heated 
moderately  quickly  in  a  capillary  tube,  it  begins  to  become  opaque  at 
about  130°,  but  may  not  melt  until  about  150°;  if,  however,  the 
crystal  is  crushed  to  a  fine  j^wder,  the  latter  melts  almost  entirely  at 
122 — 123°,  but  generally  solidifies  again  whilst  in  the  bath  and  melts 
for  a  second  time  at  185°;  crystals  of  medium  size  usually  melt  more 
lees  completely  at  about  130°.     These  observations  seem  to  show 
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that  the  salt  is  polymorphous ;  the  form  deposited  from  aqueous  solu- 
tions is  apparently  changed  at  122 — 123°  into  a  stable  form  melting 
at  185°. 

*  Fractional  crystallisation  of  the  oZ-salt  from  water  and  dilute 
alcohol  gave  homogeneous  deposits,  identical  in  melting  point  and  in 
optical  properties;  owing  to  the  great  difference  in  the  appearance  of 
the  crystals  of  the  partially  racemic  a-salt,  on  the  one  hand,  and  its 
ad-  and  a^-components  on  the  other,  a  mere  inspection  of  the  deposits 
from  water  shows  whether  the  ad-  or  a/component  contains  any  of  the 
former  or  not. 

The  samples  used  for  determining  the  specific  rotation  of  this  aZ-salt 
were  dried  at  100°,  and  identical  preparations  are  indicated  as  before ; 
the  solvents  were  water  and  chloroform  : 

Vol.  of  Length  oi 

Substance.     Solvent.         solution.  tube.  ao.  [a].,. 

1(a)       0-5         Water         25  c.c.  200  mm.  +2*43  +60-7 

11(6)       0-5             „                 „  ,.  2-38  59-5 

III           0-5             „                 „  „  2-40  60-0 

l{a)       0-5       Chloroform      „  „  2*43  60-7 

11(6)       0-4972       „                 „  „  2-38  598 

In  aqueous  solution,  the  average  molecular  rotation  is,  if  anything, 
a  trifle  lower  than  that  of  the  ai-salt,  although  the  basic  ion  in  its. 
hydrochloride  has  a  dextrorotation  [AIJ^  +  1°.  Assuming  that  the 
a  salt  is  composed  of  equal  quantities  of  the  ad-  and  a^salts  and  that 
the  specific  rotations  of  these  compounds  are  the  same  when  they  are 
in  solution  together  as  when  they  are  separate,  the  molecular  rota- 
tion of  the  partially  racemic  salt  should  be  [M]i,  +  269°;  according 
to  the  determinations  previously  given  (Trans.,  1900,  77,  885),  it  is 
[M]d  +  268^ 


iO 


The  ad-  a7id  a\- Salts  contain  Eiiantiomorj>hou8ly  Related  Baaea, 

The  molecular  rotation  of  the  al-  and  ac^-salts  being  practically 
identical  with  one  another  and  with  that  of  the  partially  racemic  a-salt, 
it  was  necessary  to  prove  that  the  latter  has  actually  been  resolved 
into  salts  of  the  enantiomorphously  related  bases ;  for  this  purpose, 
some  afZ-salt  (about  1 7  grams)  was  decomposed  with  barium  hydroxide ; 
the  base  was  distilled  in  steam,  and  the  first  20  or  30  c.c.  of  distillate, 
which  contained  a  considerable  quantity  of  the  base  in  suspension, 
were  clarified  by  the  addition  of  a  little  alcohol ;  on  examining  this 
solution  in  a  200  mm.  tube,  it  showed  a  dextrorotation  of  ao  *h  0'75^ ; 
aqueous  alcoholic  solutions  of  the  base  obtained  in  a  similar  manner 
from  about  17  0  grams  of  the  a/-salt  gave  a  IsBVorotation  of  about  hq  -  1°. 


CONTAINING  QUINQUKVALBNT   NITROOBN.      PART  VIII.      881 

I  >oteriiiiD«tioot  of  the  spcciBc  roUtions  of  the  free  bMee  haTe  not 
been  ouule;  ihey  are  »peringlj  eoluble  in  water,  and  the  reeulti 
obtained  with  other  aolfente  would  be  of  little  valuo  as  regards  their 
bearing  on  the  present  invefttigation. 

The  A^rodUoricfi,  obtained  from  the  base  of  the  ad fn\i  by  nouttnl 

ing  with  add,  separatee  from  water  in  flat,  tranRpiiront  prisniH  and 

')in  cold  fiolutioDs  in  large,  very  well-defined,  six-sided,  tabular  cryHtals 
At  least  10  mm.  in  length  and  5  mm.  in  breadth.  These  crystals  are 
very  different  in  appearance  from  those  of  the  hydrochloride  of  the 
eztamally  compensated  base,  which  consist  of  slender  needles  or 
prisms  ;  they  become  opaque  at  about  210'^  and  melt  sharply  at  233° 
when  quickly  heated,  turning  slightly  brown  ;  the  hydrochloride  of 
t  he  aetiTe  base  is  very  readily  soluble  in  water. 

The  plaUniekloridss  of  the  d-  and  ^ bases  are  precipitated  when 
platinic  chloride  is  added  to  solutions  of  the  hydrochlorides.  The 
salts  are  identical  in  appearance,  both  crystallisiog  in  thin,  well-defined, 
six-sided,  yellow  plates.  They  are  readily  soluble  in  hot  water  and  in 
alcohol,  but  only  sparingly  so  in  cold  water.  When  heated,  they 
behave  identically,  but  have  no  definite  melting  point ;  at 
190 — 300^,  according  to  the  rate  of  heating,  they  begin  to  turn  brown, 
and  by  the  time  the  temperature  has  risen  to  about  210°  they  have 
become  almost  black. 

The  pieraUB  were  also  prepared  by  addiog  a  hot  concentrated  solution 
of  picric  acid  to  solutions  of  the  ad-  and  oZ-salts  respectively.  The 
precipitates  were  recrystallised  from  hot  water,  from  which  they  were 
deposited  in  yellow  prisms  or  needles,  the  two  preparations  being 
identical  in  appearance ;  when  rapidly  heated,  the  two  salts  began  to 
turn  brown  at  about  190°,  and  decomposed  completely  at  about  207°, 
their  behaviour  being  exactly  similar.  The  salts  are  only  sparingly 
soluble  in  cold  water. 

The  examination  of  the  hydrochlorides,  platinichlorides,  and  picrates 
of  the  bases  obtained  from  the  ad-  and  a/-salts  respectively  confirm 
the  conclusion  that  the  bases  are  enantiomorphously  related  ;  there  is, 

::   fact,  no  other  possible  view,  since  it  has  been  previously  proved 
i  Trans.,   1900,   77,   883)   that   there   is   no   structural   isomeride  of 
//-hydrindamine  present  in  the  partially  racemic  a-salt. 
If  farther  evidence  is  required  that  the  bases  of  the  ad-  and  oZ-salts 

re  enantiomorphously  related,  it  is  afforded  by  the  fact  that  they  give 

.  ise  to  different  compounds  when  combined  with  an  optically  active 

lacid.      The    cf-bromocamphorsulphooates    themselves,    the    <i-chloro- 

icamphorsulphonates,   and   the   cm-t  camphanates  prove  the  truth  of 

statement ;  the  salts  which  the  two  bases  form  with  Reychler's 

iphorsulphonic  add  are  also  different. 
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TfiS    Free    Bases    do    not    RacemUe. 

The  enantiomorphously  related  hydrindamines  do  not  racemise  when 
set  free  from  their  salts  or  when  distilled  in  a  current  of  steam,  except, 
possibly,  to  a  very  minute  extent ;  in  spite  of  their  very  slight  optical 
activity,  this  is  easily  proved  beyond  all  doubt  by  the  great  and 
characteristic  differences  in  properties  between  the  a-  and  p-  partially 
racemic  salts  on  the  one  hand,  and  their  components  on  the  other. 
When  a  mixture  of  ad-  and  a  little  partially  racemic  a-salt  is  fraction- 
ally crystallised  from  water,  the  latter  passes  into  the  last  mother 
liquors  and  is  deposited  from  them  in  the  characteristic  opaque  masses 
of  hydrated  needles,  the  presence  of  which  is  easily  detected  by  mere 
inspection.  If,  however,  the  pure  ad-soXt  is  decomposed  with  barium 
hydroxide,  the  base  distilled  in  steam,  and  again  combined  with  the  acid, 
the  product  is  absolutely  free  from  the  partially  racemic  a-salt,  and  does 
not  yield  a  trace  of  the  latter  when  systematically  crystallised  from 
water.  Similar  experiments  with  the  a^salt  also  prove  this,  but  require 
a  more  detailed  description  (p.  886) ;  the  examination  of  the  hydrind- 
amine  chloro-salts  in  a  similar  manner  (p.  906),  and  that  of  the 
cis-TT-camphanates*  also  proves  conclusively  that  the  free  bases  do  not 
racemise  to  any  appreciable  extent. 

Synthesis  oj  the  Partially  Bacemic  a-Salt. 

As  the  partially  racemic  a-salt  is  resolved  into  apparently  equal 
quantities  of  the  ad-  and  a^-isomerides,  it  was  to  be  expected  that  this 
salt  would  be  formed  on  mixing  its  components  and  crystallising  the 
mixture  from  water.  One  gram  of  the  pure  arf-salt  and  an  equal 
quantity  of  the  pure  a^-isomeride  were  therefore  dissolved  together, 
and  the  solution  allowed  to  crystallise ;  the  deposit  consisted  of  the 
characteristic  opaque,  felted  masses  of  the  partially  racemic  a-salt. 
On  evaporating  the  first  mother  liquors  and  separating  successive 
fractions  which  seemed  to  be  precisely  similar,  only  one  compound 
appeared  to  be  present,  and  the  last  few  drops  gave  what  was 
obviously  partially  racemic  a-salt.  When,  however,  the  three  or 
four  fractions  thus  obtained  were  submitted  to  a  repeated  and 
systematic  crystallisation  from  water,  the  last  mother  liquors  gave 
traces  of  a  substance  which  separated,  together  with  a  few  minute 
needles,  in  concentrically  grouped,  transparent,  hydrated  prisms 
which   were  not  thpse  of  the  ordinary  partially  racemic  a-salt ;  the 

*  The  investigation  of  these  salts  is  not  yet  concluded,  bnt  it  has  been  ascertained 
that  the  salts  of  the  active  bases  are  different  from  the  i>artially  raceaiic  salts 
already  described  (Trans.,  1900,  77,  861 ;  1901,  79,  430). 
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oature  of  theae  two  orjstalline  sabetances  was  not  determined.  The 
experiment  ahowed  most  dearly  that  the  partially  racemic  ^-salt  was 
not  produoed  from  the  two  components  of  the  a-salt,  and  the  ocourrenoe 
of  the  other  crystalline  compounds  is  doubtless  to  be  explained  as 
follows  :  the  partially  racemic  salt  is  probably  not  composed  of  exactly 
equal  quantities  of  its  two  components,  a  conclusion  in  accordance 
with  the  theoretical  deductions  as  to  the  composition  of  such  salts. 
When,  therefore,  equal  quantities  are  crystallised,  the  one  in  excess 
will  either  separate  alone  or  may  form  mixed  crystals  with  some 
of  the  partially  racemic  a-salt,  thus  giving  rise  to  crystalline  pro- 
ducts of  different  melting  points.  Whether  this  be  the  true 
explanation  or  not,  the  fact  remains  that  the  partially  racemic  /3-salt 
is  not  formed  when  the  ad-  and  a/-components,  obtained  by  the 
resolution  of  the  partially  racemic  a-salt,  are  mixed  and  crystallised 
from  water. 

Synthesii  of  th^  Partially  Baoemic  a-  and  p-Salta, 
Evidence  oj  the  Existence  of  ifbur  Salts. 

According  to  the  author's  explanation  of  the  formation  of  the  two 
partially  racemic  salts  from  hydrindamine  and  rf-bromocamphor- 
sulphonic  acid,  there  must  be  four  distinct  compounds  produced  when 
the  base  is  neutralised  with  the  acid.  The  ad-  and  a^-salts  would 
represent  two  of  these  compounds,  one  being  derived  from  the  d-  and 
the  other  from  the  /-base.  If,  however,  the  ac/salt  be  decomposed, 
the  base  separated  by  steam  distillation,  and  again  neutralised  with 
the  acid,  it  should  give  two  salts,  one  of  which  would  be  identical 
with  adj  the  other  being  a  new  isomeride,  which  may  be  distinguished 
as  pd ;  similarly,  two  salts  should  be  produced  from  a/,  namely,  the 
original  a/-salt,  and  a  new  isomeride,  fit. 

Now,  when  the  experiment  is  actually  tried,  it  is  found  that  the 
regenerated  salt  obtained  from  ad  is  apparently  identical  with  the 
original  ad-s&lt ;  it  consists  of  crystals  indistinguishable  in  appearance 
from  those  of  ad,  and,  if  separated  into  three  or  four  fractions  by 
crystallisation  from  water,  all  the  fractions  seem  to  be  identical  and 
melt  at  practically  the  same  temperature,  the  most  sparingly  soluble 
at  about  220°,  the  most  readily  soluble  at  about  217°. 

Similarly,  when  the  a/salt  is  decomposed  and  the  basic  distillate 
neutralised  with  the  bromo-acid,  a  salt  is  obtained  which  seems  to  be 
identical  with  the  a/-compound ;  when  separated  into  three  or  four 
fractions  by  crystallisation  from  water,  the  deposits  seem  to  be  homo- 
geneous, and  all  melt  at  the  same  temperature,  namely,  at  about  130° 
(compare  p.  879). 

If,  however,  these  regenerated  salts  are  really  mixtures,  they  should 
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behave  differently  from  ad  and  a/,  and  when  mixed  together  and 
crystallised  from  water,  they  should  give  both  the  a-  and  the  /3- 
partially  racemic  salts  ;  experiment  showed  this  to  be  the  case.  One 
gram  of  a  fraction  of  the  regenerated  ac^salt  deposited  from  the  last 
mother  liquors  and  1  gram  of  the  corresponding  fraction  of  the 
regenerated  a/-salt  were  dissolved  together  in  hot  water  and  the 
solution  cooled  ;  the  first  two  or  three  successive  deposits  consisted  of 
the  partially  racemic  a-salt,  but  the  last  mother  liquors  deposited 
hydrated,  transparent  prisms,  which  were  indistinguishable  in  appear- 
ance from  the  crystals  of  the  partially  racemic  )3-salt ;  the  several 
deposits  were  systematically  crystallised  from  water  and  the  supposed 
y3-salt  obtained  in  a  pure  condition.  This  synthetical  product  was 
then  directly  compared  with  the  ordinary  partially  racemic  )3-salt,  and 
was  found  to  be  identical  with  it  in  melting  point  (130°  when  dried  at 
100°)  and  other  properties,  and  repeated  crystallisation  failed  to 
change  it  appreciably  in  any  way. 

The  quantity  of  pure  air-dried  )3-salt  thus  isolated  was  0*37  gram, 
but  there  must  also  have  been  a  considerable  quantity  which  could 
not  be  separated  from  the  lower  fractions  of  the  partially  racemic 
a-salt ;  the  proportion  of  /?-salt  in  the  product  obtained  from  (^-base 
and  the  bromo-acid  is  probably  less  than  15  per  cent.,  so  that  the 
somewhat  larger  proportion  isolated  in  the  above  experiment  is  due 
to  the  fact  that  the  readily  soluble  fractions  of  the  regenerated  salts 
were  used,  and  these  were  rich  in  the  components  of  the  )S-salt. 

The  formation  of  the  partially  racemic  ^-salt  from  the  regenerated 
ad-  and  a^-salts,  and  its  non-formation  from  the  pure  ad-  and  a/-salts, 
is  one  of  the  first  important  pieces  of  evidence  that  the  regenerated 
salts  are  really  mixtures  of  isomerides. 

That  there  is  here  no  question  of  the  conversion  of  the  partially 
racemic  a-salt  into  the  j3-isomeride  is  absolutely  certain ;  samples  of 
the  pure  a-salt  have  been  heated  on  a  water- bath  in  aqueous  solution 
during  more  than  24  hours,  the  solution  then  concentrated,  and  the 
salt  submitted  to  fractional  crystallisation,  but  not  a  trace  of  /3-salt 
could  be  detected. 

The  Regenerated  ad-Salt  is  a  Mixture  qf  Isomerides. 

The  experiment  just  recorded  having  proved  that  there  is  some 
difference  between  the  original  and  the  regenerated  a(2-8alt,  a  consider- 
able quantity  of  the  former  was  crystallised  from  water  once  or  twice 
and  the  pure  preparation  then  separated  into  several  fractions  ;  these 
all  had  the  same  appearance  and  melting  point.  The  whole  of  this  pure 
ealtwas  then  decomposed  with  barium  hydroxide,  the  base  steamed  over, 
and  the  bromo  acid  recovered  from  the  residue  by  exactly  precipitating 
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the  banum  with  sulphuric  add  ;  the  aotd  was  then  neutraliied  with  the 
aqueous  difftiltate  containing  the  base,  the  solution  concentrated,  and 
the  salt  obtained  in  three  or  four  fractions  by  successive  deposition. 
Pheee  fractions  teemed  to  be  homogeneous ;  they  were  indistinguish- 
able in  appearance,  and  had  practically  the  same  melting  point; 
systematic  fractional  crystallisation  was  therefore  continued  until  the 
salt  (about  17  grains)  had  been  resolved  into  nine  fractions,  the  first 
eight  of«  which  had  each  been  crystallised  about  six  times,  using  the 
mother  liquors  from  each  to  dissolve  the  next  more  soluble  deposit ; 
fraction  IX,  which  consisted  of  the  most  readily  soluble  portions,  had 
been  recrystallised  twice  from  a  little  water  to  free  it  from  any 
impurity,  and  did  not  contain  barium,  sulphuric  acid,  or  other 
mineral  matter. 

The  various  fractions,  which  still  seemed  to  be  homogeneous  and 
identical,  now  differed  considerably  in  melting  point,  as  shown  below : 

FrmcUon.  I.  IV.  VI.  VII.  IX. 

M,  p.     220—222°    218—220°     215—217°     210—211°    205—207° 

They  also  differed  in  specific  rotation,  the  following  results  being 
obtained  with  the  most  sparingly  soluble  and  most  soluble  portions 
respectively  after  drying  the  samples  at  100°  : 

Volamo  of     Len^h  of 
Sabetance.  Solvent,     solution.  tube.  a^.  [a]». 

Fraction  I       0*5       water       25  c.c.       200  mm.        +242°       +60-5° 

IX    0-5  „  „  „  +2-20         +550 

These  two  fractions  were  separately  crystallised  from  water,  dried, 
;ind  again  examined : 

Fraction  I       0-5       water       25  c.c.       200mm.        +244°       +610° 
IX   0-6  „  „  „  2-19        +54-7 

Further  systematic  crystallisation  of  the  fractions  I — VIII  raised 
the  melting  point  considerably,fractiony III  then  melting  at  216 — 217°, 
the  others  at  gradually  increasing  temperatures  up  to  222°.  The 
mother  liquors  gave  deposits  which  were  mixed  with  fraction  IX 
and  the  mixture  crystallised  from  aqueous  alcohol.  The  substance 
obtained  in  this  way  crystallised  in  large  tufts  of  slender  needles,  not 
very  unlike  those  of  the  partially  racemic  a-salt  in  appearance,  but 
anhydrous,  and  melting  fairly  definitely  at  213—214°;  its  quantity 
was  very  small,  and  as  there  appeared  to  be  no  possibility  of  isolating 
a  pure  compound  its  further  examination  was  deferred  (this 
vol.,  894). 

These  results  show  that  the  pure  ou^salt,  melting  at  223°,  when 
decomposed,  as  described  above,  and  regenerated  from  the  same  base 

VOL.   LXXXTU.  3   N 
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and  the  same  acid  then  contains  some  substance  which  depresses  its 
melting  point,  but  which  cannot  be  separated  from  it  except  with  the 
greatest  difficulty ;  this  seems  to  show  that  the  other  substance  is  iso- 
morphous  with  the  ad-s&lt  and  very  closely  related  to  it,  the  presence 
of  any  ordinary  impurity  being  out  of  the  question. 

In  addition  to  the  evidence  of  the  melting  point,  the  optical 
examination  of  fraction  IX  indicates  the  presence  of  a  second  sub- 
stance of  lower  specific  rotation  than  that  of  the  ad  suit ;  this  is  not  a 
salt  of  the  Isevo-base,  because  if  this  were  present,  partially  racemic  a- 
or  yS-salt  would  be  contained  in  the  last  mother  liquors  and  not  a 
trace  of  these  compounds  could  be  found.  Neither  is  it  possible  that 
fraction  IX  is  a  crystalline  mixture  of  ad-  with  either  of  the  partially 
racemic  salts,  because  the  crystals  are  anhydrous  and,  as  has  already 
been  stated,  these  two  salts  are  easily  separated  by  crystallifiation. 
Moreover,  the  presence  of  partially  racemic  a-salt  would  not  lower  the 
specific  rotation.  The  presence  of  any  impurity  or  isomeride  (/-acid) 
in  the  c^-bromo  acid  is  also  out  of  the  question,  since  the  acid  used  was 
that  contained  in  the  pure  ac^-salt,  and  the  acid  does  not  racemise 
under  the  conditions  of  the  experiment.  The  only  explanation  of  the 
above  results,  therefore,  is  that  the  regenerated  salt  is  a  mixture  of 
two  isomerides,  ad  and  fid,  which  are  so  similar  in  properties  that  the 
isolation  of  the  pd-iorm,  which  is  present  in  small  proportion  only,  is 
practically  impossible. 

The  Begenerated  a\-Salt  is  a  Mixture  of  Isomerides.     Isolation  qf  the 

Pl-Salt. 

Some  carefully  purified  a^falt  (about  5  grams)  which  was  free  from  a- 
salt  was  decomposed  with  barium  hydroxideandthe  salt  regenerated  from 
the  base,  which  had  been  separated  by  distillation  in  steam  and  from  the 
(2-bromo-acid  in  the  residue.  The  solution  was  then  concentrated  and 
the  product  obtained  in  five  crops  of  crystals,  each  of  which  was  then 
crystallised  about  5  times  from  hot  water,  the  mother  liquors  from  the 
first  being  used  to  dissolve  the  second,  and  so  on  ;  then,  on  examining 
the  several  deposits,  which  were  practically  indistinguishable  in 
appearance,  and  all  of  which  crystallised  in  long  needles  just  like  the 
original  a/-salt,  no  appreciable  difference  in  melting  point  could  be 
detected,  as  they  all  liquefied  at  about  127— 130^  The  fifth  fraction, 
which  did  not  seem  to  crystallise  so  readily  as  the  others,  and  which 
sometimes  separated  in  an  oily  condition  from  warm  solutions,  was 
then  further  crystallised  from  water  and  separated  into  several  small 
portions ;  when  some  of  these  were  allowed  to  crystallise  slowly  at  the 
ordinary  temperature,  the  deposits  consisted  of  bulky,  opaque  masses 
of   very   slender,  concentrically  grouped,   transparent   needlesi  very 
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diff«r«Di  in  appearance  from  the  crystals  of  the  oZ-salt  and  resembling 
closely  the  forms  in  which  the  partially  raoemio  a-valt  is  deposited. 
These  mswsss,  when  warmed  in  contact  with  their  mother  liquor,  under- 
went aooM change,  the  needles  becoming  white  and  opaque  as  if  they  were 
being  dehydrated  ;  when  air  dried,  however,  they  melted  fairly  sharply 
at  132^,  as  did  a  erutktd  sample  of  the  a/salt  (compare  p.  879). 

On  repeated  crystallisation  from  water,  these  opaque  masses  yielded, 
as  the  most  sparingly  soluble  fraction,  long  needles  melting  at  about 
130^  and  indistinguishable  in  outward  properties  from  the  crystals  of 
'  he  oAsalt,  whilst  the  mother  liquors  gave  again  the  bulky,  opaque 
depoeits.  Some  of  the  latter  were  collected,  dried,  and  examined 
optically  with  the  following  result :  05  gram  dissolved  in  chloroform, 
the  solution  made  up  to  25  c.c.  and  examined  in  a  200  mm.  tube,  gave 
ap  +  1  83^  whence  [a]u  +  52  3°. 

Now  the  specific  rotation  of  the  a/-&alt  in  chloroform  solution  is 
[a]i>  +  60°,  and  the  original  sample  of  oZ-salt  used  in  this  experiment  bad 
been  found  to  have  this  rotation ;  further,  when  a  portion  of  the 
original  uoregenerated  salt  was  systematically  crystallised  from  hot 
water,  it  did  not  give  any  of  the  opaque  masses  just  referred  to;  it  is 
obvious,  therefore,  that  the  regenerated  salt  is  different  from  the 
original  one.  This  knowledge,  and  certain  observations  made  in  the 
meantime  on  the  resolution  of  the  partially  racemic  )3-salt,  led  to 
a  repetition  of  the  experiment,  larger  quantities  (about  17  grams)  of 
the  pure  a/-salt  l>eing  regenerated  as  before  and  then  systematically 
crystallised  from  water. 

The  most  sparingly  soluble  fraction  which  was  then  obtained  by 

crystallising  15  to  20  times  from  water  proved  to  be  the  pure  a/-salt,  as 

^'hown    by  the  determination  of  its  specific  rotation  :  0*5  gram  dis- 

olved  in  water,  the  solution  diluted  to   25  c.c.  and  examined  in  a 

JOO  mm.  tube,  gave  oo  +  240°,  whence  [a]u  +60°. 

From  the  most  readily  soluble  portions,  the  bulky,  opaque  masses 
were  again  deposited ;  these  were  collected,  dissolved  in  very  dilute 
ethyl  alcohol,  and  the  solutions  crystallised  at  the  ordinary  temperature. 
The  deposits  thus  obtained  consisted  of  the  opaque  masses,  but  em- 
>edded  in  them  some  rosettes  of  somewhat  larger  prisms  were  usually 
bserved,  and  because  of  their  greater  size  these  crystals  were  slightly 
ellow  in  colour,  having  been  deposited  from  a  yellow  solution  ;  these 
rosettes  were  separated  mechanically,  the  opaque  masses  redissolved, 
I  ue  deposits  again  examined,  and  the  rosettes  picked  out,  these  opera- 
tions being  continued  until  the  opaque  masses  only  were  obtained. 

From  this  stage,  the  isolation  of  the  new  isomeride  presents  no  very 

f'    difiiculty.      The    yellow   rosettes    consist   of    practically   pure 
t,  and  on  recrystallisation  from  hot  W|iter  they  give  the  ordinary 
transparent  prisms  of  this  isomeride.    The  bulky,  opaque  masses 
3N2 
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consist  of  a  mixture  of  the  al-  and  pi-aaMs,  which,  in  presence  of  excess 
of  the  former,  seem  to  separate  together  unchanged  in  some  loose  crys- 
tallographic  union,  since  individual  crystals  become  quite  white  and 
opaque  when  warmed  with  their  mother  liquor ;  when,  however,  the 
excess  of  the  a^-salt  has  been  removed  mechanically  in  the  manner 
described,  and  the  opaque  masses  are  then  repeatedly  crystallised  from 
hot  water,  they  finally  yield  deposits  of  long,  transparent  needles  and 
mother  liquors,  which  again  give  the  opaque  masses  ;  the  latter  are 
then  submitted  again  to  crystallisation  from  very  dilute  ethyl  alcohol, 
when  rosettes  of  the  a^salt  are  again  obtained.  After  this  substance 
has  been  removed,  repeated  fractional  crystallisation  gives  a  further 
quantity  of  long  needles  (^/-salt). 

The  needles  (^^salt)  thus  obtained  in  very  small  quantities  were  added 
to  the  sample  isolated  in  the  first  experiment  and  the  mixture  recrys- 
tallised  three  times  from  warm  water;  the  product  now  seemed  to 
be  identical  with  the  aZ-salt ;  like  the  latter,  it  sintered  at  about  122° 
and  melted  at  about  130°.  Optical  examination,  however,  showed  that 
these  needles  certainly  represent  a  new  isomeride. 

05  gram  dissolved  in  water,  the  solution  made  up  to  25  c.c.  and 
examined  in  a  200  mm.  tube,  gave  aD  +  1*64°,   whence  [ajp  +41°. 

This  value  for  the  specific  rotation  is  only  about  two-thirds  of  that 
of  the  a^salt  under  like  conditions,  and  is  considerably  lower  than 
that  of  any  of  the  salts  previously  examined,  including  the  partially 
racemic  compounds. 

Three  more  recrystallisations  from  aqueous  methyl  alcohol  lowered 
the  specific  rotation  even  further,  the  sample,  when  dried  at  100°,  then 
giving  the  following  result : 

0*5  gram  dissolved  in  water,  the  solution  diluted  to  25  c.c.  and  ex- 
amined in  a  200  mm.  tube,  gave  od  +  1'58°,  whence  [aj^  4-39-5°. 

The  further  description  of  this  isomeride  is  given  in  the  following 
paper  (p.  897). 

These  experiments  prove  beyond  doubt  that  the  salt  obtained  by 
combining  the  pure  /-base  with  the  pure  bromo-acid  consists  of  two 
isomerides,  both  of  which  crystallise  in  transparent  needles,  indistin- 
guishable by  inspection,  and  barely  so  by  melting  point  determinations ; 
apparently  these  two  isomerides,  which  have  the  same  solubility  in 
cold  water,  crystallise  together  in  certain  definite  proportions,  giving 
deposits  resembling  those  of  the  partially  racemic  a-salt.  Even  know- 
ing that  the  regenerated  a/salt  is  a  mixture,  the  separation  of  its  two 
components  is  a  process  of  very  considerable  difficulty,  and  had  it  not 
been  for  the  possibility  of  a  mechanical  separation  of  the  a/-salt  in 
the  manner  described,  which  again  depends  on  a  slightly  coloured 
mother  liquor,  it  is  probable  that  the  isolation  of  the  pure  pi-salt 
would  not  have  been  successful. 
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r.XXXX'l I. — fsomenc  Partially  Racemic  Salts  containing 
Quiittforafmt  Nitrogen.  Part  IX,  Resolution  of 
the  S- Modification  of  Al-Hydrindamine  d-Bromo- 
ca  uiphorsidphonate. 

By  Frederic  Stanley  Kipping. 

AocoROiNo  to  the  view  briefly  summarised  in  the  preceding  paper,  the 
partially  racemic  ^-salt,  obtained  from  c£^bydrindamine  and  <£  bromo- 
camphorsul phonic  acid,  should  consist  of  a  mixture  of  two  isomeride?, 
one  derived  from  the  d-y  the  other  from  the  /-base,  and  these  salts 
should  be  different  from  the  ad-  and  a/-components  of  tho  partially 
racemic  a-salt.  In  the  expectation  that  the  /3-salt,  like  the  a  salt, 
might  be  resolved  by  crystallising  it  at  a  temperature  above  its 
transition  point,  experiments  were  carried  cut  in  hot  ethyl  acetate 
solution,  and  after  several  unsuccessful  attempts,  the  resolution  was 
accomplished,  but  only  with  very  great  difficulty. 

The  nrst  product  of  this  resolution,  namely,  that  precipitated  from 
the  hot  solution,  resembles  the  a<i-i8omeride  (p.  878)  very  closely 
in  properties,  and  is  a  mixture  of  two  salts,  one  identical  with  the 
ctfi-isomeride,  the  other  doubtless  identical  with  the  )3c/component  of 
the  regenerated  oc^-salt ;  it  was  not  found  possible,  however,  to 
separate  completely  these  two  isomerides,  and  the  )3(i-modification 
has  not  yet  been  obtained  free  from  the  ac/  salt. 

The  second  product  of  this  resolution  of  the  partially  racemic  /3-salt, 
namely,  that  obtained  from  the  ethyl  acetate  mother  liquors,  is  also  a 
mixture  of  two  isomerides,  one  being  identical  with  the  a/component 
of  the  partially  racemic  a-salt  (p.  879),  the  other  with  the  )8/-modi6ca- 
tion  contained  in  the  regenerated  a/salt  (p.  888)  ;  these  two  isomerides 
have  been  separated  and  obtained  in  a  pure  condition. 

These  results  seem  to  show  that  the  explanation  of  the  formation  of 
the  partially  racemic  a-  and  /3  salts  originally  given  by  the  author 
(Trans.,  1900,  77,  861)  is  substantially  correct,  and  only  requires 
modifying  in  one  unimportant  detail,  namely,  that  the  /3-salt,  instead 
of  being  composed  of  only  two  isomerides,  which  differ  from  the  com- 
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ponents  of  the  a-salt,  is  really  a  compound  formed  by  the  crystallo- 
graphic  union  of  two  new  isomerides  with  the  two  components  of  the 
a-salt. 

The  )8-salt,  therefore,  consists  of 

^  '  I  formed  from  tZ-hydrindamine. 

'  "  V  formed  from  ^-hydrindamine. 

This  )3-salt  represents  a  new  type  of  crystalline  compounds  which 
may  be  classed  as  2mrtially  di-nicemic,  since  they  may  be  regarded  as 
formed  by  the  crystallographic  union  of  two  partially  racemic  salts  ; 
as  will  be  shown  later,  the  ci-bromocamphorsulphonate  of  c^-methyl- 
hydrindamine  (this  vol.,  p.  922)  and  the  partially  racemic  )8-salt  of 
(Z-chlorocamphorsulphonic  acid  and  c^^hydrindamiue  (this  vol.,  p.  902) 
also  belong  to  this  class  of  interesting  substances. 

These  partially  di-racemic  )3-salts  are  not  merely  mixtures  of  their 
four  component?,  but  differ  from  the  latter   in  crystalline  form,  and 
also,  as  a  rule,  in  containing  water  of  crystallisation,  the  components 
being  generally  anhydrous.     They   form  well-defined,  or  fairly  well- 
defined,  crystals  of  considerable  size,  and   under  ordinary  treatment, 
such  as  crystallisation  from  warm  water,  aqueous  alcohol,  moist  ethyl 
acetate,  and  so  on,  they  behave  as  if  composed  of  only  one  substance. 
It  is  obvious,   therefore,   that  failure    to   resolve   a   compound   by 
fractional  crystallisation  of  its  salts  affords  very  little  evidence  as  to 
whether  such  a  compound  is  or  is  not  composed  of  enantiomorphously 
related  components ;  in  the    case    of    cZ^hydrindamine,  five   different 
optically  active  acids  were  tried  before  the  experiments  were  successful. 
Although  these  partially  di-racemic  salts  appear  to  be  so  unchange- 
able, it  seems  possible  that  the  relative  proportions  of  the  four  com- 
ponents may  vary  within  certain  limits  acccording  to  the  tempera- 
ture at  which  the  salt  is  deposited  and  the  nature  of  the  solvent ; 
the  ad-  and  /?fZ-forms  being   apparently  capable  of    forming   mixed 
crystals,  and  the  al-  and  y8/-modifications  being  probably  closely  related 
to  one  another  in  crystalline  form,  the  removal  of  a  portion  of  the 
two  a-isomeride?,  as  partially  racemic  a-salt,  might  have  little  effect 
on  the  crystalline  structure  of  the  residual  partially  di-racemic  salt, 
but  would,  of  course,  alter  its  specific  rotation  (since  the  a-  have  very 
different  specific  rotatory  powers  from  those  of  the  /^-modifications), 
and  probably  also  its  melting  point.     If  such  a  variation  in  composi- 
tion be  possible,  the  fact  would  afford  an  explanation  of  the  somewhat 
discordant  results  obtained  in  the  determination  of  the  specific  rota* 
tioa  of  the  partially  di-racemic  hydrindamine  ci-bromo-  and  <i-chloro- 
camphorsulphonates  (Trans.,  1900,  77,  pp.  885,  897);   the  samples. 
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hftving  doubtless  beea  crjuUtlliFod  under  slightly  different  conditions, 
were  possibly  not  identical  as  regards  the  relative  proportions  of  their 
four  component  isomerides.  Direct  observations  pointing  to  the  same 
conclusion  have  been  made  in  the  course  of  this  work,  inasmuch  as 
KAuiples  of  the  partially  di-racemic  bromo-salt,  which  seemed  to  be 
free  from  the  a-isomeride,  on  repeated  crystallisation  under  different 
conditions,  have  sometimes  afforded  a  small  quantity  of  the  partially 
raeemic' «*8alt ;  long  continued  crystallisation,  therefore,  is  always 
neoessarj  before  a  sample  of  the  /3-salt  can  be  regarded  as  pure. 

That  mixtures  of  the  four  isomerides,  in  proportions  very  different 
from  those  existing  in  the  partially  di-racemic  salt,  may  enter  into 
crystal lographic  union,  forming  an  apparently  homogeneous  substance, 
is  shown  in  this  paper.  The  crude  )8(i  salt  (containing  the  ad-iso- 
meride)  and  the  pure  /3/-salt,  when  mixed  in  equal  quantities  and 
crystallised,  give  a  hydrated  compound  which  is  indistinguishable 
from  the  ordinary  partially  di-racemic  /3-salt  by  inspection,  but  which, 
nevertheless,  differs  from  it  in  melting  point  and  specific  rotation. 

Experimental. 

The  separation  of  the  components  of  the  partially  raeemic  )S-salt  of 
hydrindamine  and  (^bromocampborsulphonic  acid  is  a  far  more 
troublesome  process  than  the  resolution  of  the  a-salt,  partly  because 
of  the  smaller  quantities  of  this  isomeride  which  are  available,  but 
principally  because  of  its  more  complex  character ;  as  shown  below, 
it  consists  of  four  components. 

The  /3-salt,  freed  from  the  a-isomeride  by  repeated  crystallisation 
from  water  and  dilute  alcohol,  is  dried  in  the  air  and  dissolved  in  a 
small  quantity  of  ethyl  acetate,  in  which  the  hydrated  crystals  are 
readily  soluble.  The  solution  is  then  placed  in  a  beaker  covered  with 
a  clock-glass,  and  left  on  the  water-bath  for  some  hours,  when  the 
syrupy  residue  thus  obtained  usually  begins  to  deposit  minute  crys- 
tals ;  a  little  more  dry  ethyl  acetate  is  then  added,  and  the  heating 
continued,  whereupon  a  small  proportion  of  the  salt  is  slowly  deposited 
in  silky  needles;  this  deposit  («)  is  rapidly  separated  from  the  hot 
solution  and  washed  thoroughly  with  boiling  ethyl  acetate,  in  which 
it  is  only  very  sparingly  soluble. 

If  the  operation  has  been  successrul,  this  precipitate  (a),  on  recrys- 
tallisation  from  water,  will  give  long,  slender  needles,  and  will  be 
practically  free  from  any  partially  raeemic  ^-salt ;  if,  however,  precipi- 
tation has  been  carried  too  far,  the  substance  deposited  from  the 
aqueous  solution  may  consist  almost  entirely  of  unchanged  P-ssiit, 
iwhich  separates  in  rosettes  of  hydrated  prisms. 

The  ethyl  acetate  filtrate  and  washings  from  the  original  deposits, 
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when  concentrated  on  the  water-bath,  may  or  may  not  give  a  second 
deposit  of  silky  needles,  according  to  the  manner  in  which  the  first 
operation  has  been  conducted  ;  if  no  precipitate  forms,  the  addition  of 
light  petroleum  (b.  p.  80 — 90°)  and  further  heating  may  cause  a  second 
separation  from  the  hot  solution  ;  the  petroleum,  however,  must  be 
added  very  cautiously,  otherwise  the  solution  separates  into  two  layers 
and  the  lower  one  then  solidifies  to  a  mass  of  unresolved  salt.  When 
it  is  found  that  no  further  resolution  occurs  on  continued  heating, 
the  ethyl  acetate  solution  is  mixed  with  a  few  drops  of  water  and 
left  at  the  ordinary  temperature  until  most  of  the  solvent  has 
evaporated  ;  the  deposit,  which  consists  of  the  hydrated,  partially 
racemic  ^-salt,  is  separated  and  submitted  again  to  the  original 
treatment ;  the  filtrate  is  evaporated  to  dryness,  the  residue  dissolved 
in  a  considerable  quantity  of  cold  water,  and  after  some  time  the 
cold  solution  (b)  is  filtered  from  traces  of  resinous  matter  and  concen- 
trated. 

The  original  ^-salt  is  thus  resolved  by  repeated  treatment  into  the 
substance  (a)  melting  at  about  215°,  and  the  substance  or  substances 
in  the  aqueous  solution  (6). 

Examination  of  the  Precipitate  (a). 

The  substance  which  separates  from  the  hot  ethyl  acetate  solution 
of  the  ^-salt  crystallises  from  water  in  long,  silky  needles,  but  from  hot 
saturated  solutions  it  is  deposited  as  an  oil.  When  freed  from 
partially  racemic  salt  by  one  or  two  crystallisations  from  water,  it 
melts,  not  quite  sharply,  between  213°  and  216°,  generally  at  about 
215°,  and  is  indistinguishable  in  outward  properties  from  the  a<i-salt 
(p.  878). 

As  this  preparation  was  conceivably  one  of  the  two  salts  of  which 
the  partially  racemic  /3-compound  was  supposed  to  consist,  a  sample 
was  dried  at  100°  and  examined  optically,  with  the  following  results  : 

Vol.  of       Length  of 
Substance.        Solvent,      solution.  tube.  Od.  [a]i,. 

0-5010       Water  25  c.c.       200  mm.        +233°       +58-25° 

0-4078       Chloroform     „  „  +098         +300 

These  values  agree  very  closely  with  those  of  the  arf-salt,  namely, 
+  61°  in  aqueous  and  +30°  in  chloroform  solution  ;  further,  the  melt- 
ing point  of  this  new  substance  is  not  very  different  from  that  of 
the  a(/-salt. 

Now  the  sample  of  )3salt  from  which  this  substance  had  been  pre- 
pared was  repeatedly  crystallised  before  submitting  it  to  resolution, 
and  it   seemed   quite  impossible  that  the  above  substance  could  be 
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derived  from  some  partially  racemic  a-salt  which  had  escaped  detec- 
tion ;  nevertheless,  a  fresh  sample  of  ^-salt  was  purified  even  more 
carefully  than  beforehand  this  preparation  was  then  resolved.  The 
dejWMt  (a),  as  before,  crystallised  from  water  in  long  needles  melting 
at  215 — 216°  fairly  sharply,  and  when  mixed  with  ac/.salt  it  gave  a 
mixture  melting  at  218°.  Its  specific  rotation  was  determined  with 
the  following  results  : 


Vol.  of 

Ixjngth  of 

Substance. 

Solvent       solution. 

tube. 

Od. 

[«]o. 

0-5436 

Water          25  c.c. 

200  mm. 

2-44° 

56-3° 

0-6436 

Chloroform     ,, 

i« 

1-25 

28-7 

A  third  sample,  prepared  from  a  different  specimen  of  the  )3-salt, 
also  melted  at  214 — 216°,  and  its  melting  point  did  not  change  appre- 
ciably after  three  crystallisations  from  water  ;  its  specific  rotation  was 
determined  in  aqueous  solution  and  found  to  be  [ajo  +58'7°,  a  value 
which  agreed  closely  with  that  of  the  first  preparation. 

Now  from  the  results  of  the  experiments  with  the  regenerated 
a(2-salt,  the  component  of  the  /?-salt,  namely,  jBd,  has  a  specific  rotation 
less  than  [ajo  +50°  in  aqueous  solution;  it  seemed,  therefore,  that 
the  substance  actually  obtained  from  the  y8-salt  could  not  consist  of 
the  pure  /3(2-modification. 

A  considerable  quantity  of  the  mixture  of  the  three  different  pre- 
parations obtained  from  the  partially  racemic  ^-salt  was  next  submitted 
to  a  systematic  fractional  crystallisation  from  water,  and  thus  resolved 
into  eight  portions,  each  of  which  had  been  crystallised  8 — 10  times  ; 
the  most  sparingly  soluble  (fraction  I)  and  the  most  readily  soluble 
(fraction  VIII)  were  then  examined;  they  melted  at  217 — 219°  and 
at  208 — 212°  respectively,  and  had  the  following  specific  rotations  in 
aqueous  solution : 


Substance. 

Vol.  of 
solution. 

Length  of 
tube. 

Od. 

[a?. 

ion  I  

.      0-502 

25  c.c. 

200  mm. 

+  2-42° 

+  59-9° 

ion  VIII.. 

.     0-4955 

»t 

>» 

2-18 

55  0 

It  thus  appeared  that  the  product  from  the  /3-salt  is  not  a  single  sub- 
stance ;  fraction  I  seemed  to  be  identical  with  the  acZ-salt,  fraction  VIII 
with  the  mixture  of  ad-  and  ^c/-salts  obtained  from  the  regenerated 
ad-isomeride  (p.  884) ;  as,  however,  fraction  VIII  might  conceivably 
have  contained  traces  of  the  partially  racemic  ^-salt,  it  was  thrice 
crystallised  from  water,  and  again  examined  optically;  its  specific 
rotation  in  aqueous  solution  was  then  [a]o  +56-2°. 

Fractional  crystallisation  was  therefore  continued,  aqueous  methyl 
alcohol  being  used  instead  of  water,  and  after  many  operations  the 
melting  point  of  the  most  sparingly  soluble  portion  rose  to  222 — 223°, 
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which  is  identical  with  that  of  the  ac^salt ;  its  speciBc  rotation  in 
aqueous  solution  was  also  identical  with  that  of  this  isomeride. 

The  most  readily  8oluV>le  portions  now  melted  almost  sharply  at 
213 — 214°,  and,  when  examined  polarimetrically,  gave  the  following 
values  : 


Substance. 

Solvent. 

Vol.  of 
solution. 

Length  of 
tube. 

ttD. 

[«]o. 

0-5 

Water 

26  c.c. 

200  mm. 

+  2-23° 

+  55-75° 

0-5 

Chloroform 

!• 

a 

1-25 

310 

These  results  prove  that  the  precipitate  (ft)  obtained  in  the  resolu- 
tion of  the  pure  partially  racemic  ;8-salt  is  a  mixture  of  isomerides, 
one  of  which  is  identical  with  the  a<Z-isomeride,  the  other  being 
doubtless  identical  with  the  )8(Z-modification,  the  existence  of  which 
has  already  been  shown  to  be  probable. 

Many  attempts  have  been  made  to  obtain  the  j8<i  isomeride  in 
a  pure  condition ;  the  most  readily  soluble  portions  of  the  salt 
referred  to  above  were  mixed  with  the  most  readily  soluble  fractions 
of  the  regenerated  ac^-salt  (p.  885),  and  the  mixture  systematically 
crystallised  from  water  and  dilute  alcohol  until  all  the  more 
sparingly  soluble  substances  had  been  separated.  About  1*5 
grams  remained,  representing  the  most  soluble  portion  obtained 
from  about  50  grams  of  salt ;  this  melted  at  200—203°,  and  had  a 
specific  rotation  [ajo  +51°  in  aqueous  solution.  It  was  crystallised 
twice  from  water,  the  more  sparingly  soluble  portions  (about  half) 
being  rejected ;  the  mother  liquors  were  then  evaporated  and  the 
deposit  crystallised  from  ethyl  acetate  and  a  little  methyl  alcohol. 
The  substance  finally  obtained  melted  at  207 — 208°,  and  had  a  specific 
rotation  of  [ajo  +49*2°  in  aqueous  solution;  this  sample  represents 
the  most  concentrated  form  of  the  yS^Msomeride  which  has  yet  been 
prepared. 

It  is  very  doubtful  whether  it  would  be  possible  to  obtain  the 
pdB%\t  quite  free  from  its  a(i-isomeride ;  the  two  substances  are 
obviously  very  similar  in  properties  and  form  mixed  crystals. 

The  impure  y3(/-salt  of  specific  rotation  [o]u  +492°  differs  from  the 
oe^-isomeride  principally  in  the  manner  in  which  it  crystallises  from 
cold  water  and  from  aqueous  alcohol  ;  from  the  former,  it  is  deposited 
in  large,  opaque  tufts  of  concentrically  grouped,  slender  needles,  from 
the  latter  in  bunches  of  ill-defined  prisms,  whereas  the  act-salt  gives  a 
transparent  deposit  of  separately-formed,  coarse  needles  and  of  massire, 
well-defined  prisms  respectively. 

Although  these  differences  may  appear  to  be  unimportant,  there  is  not 
the  least  doubt  as  to  the  existence  of  the  ^c^-isomeride  ;  the  very  fact 
that  there  is  so  mush  difficulty  in  separating  the  two  compoDents  of 
the  deposit  (a)  is  almost  conclusive  evidence  that  they  are  very  closely 
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related  and  that  the  lower  melting  point  and  speoifio  rotation  of  the 
more  aoluble  portions  of  this  substaooe  are  not  due  to  the  preeenoe  of 
any  ordinar}*  impurity.  If  these  results  stood  alone,  they  might 
possibly  still  leave  an  impression  of  doubt ;  fortunately,  they  are  con- 
firmed in  every  respect  by  the  experiments  described  later,  especially 
by  the  results  of  the  investigation  of  the  corresponding  salts  of  (£-chloro- 
oamphorsalphonic  acid,  as  in  this  case  the  isolation  of  the  pure 
pd^Momirid^  was  accomplished. 


f 


<lf  tkt  AquMtu  Soluiton  (b). 

The  aqueous  solution  (6)  obtained  in  treating  the  products  of  the 
resolution  of  the  /Ssalt  (p.  892),  when  crystallised  slowly  at  the 
ordinary  temperature,  may  give,  6rst,  either  a  deposit  of  partially 
racemic  )8*salt,  in  the  form  of  yellow  prisms  or  nodules,  or  white,  bulky 
masses  consisting  of  minute,  concentrically  grouped  needles,  which  at 
first  were  thought  to  consist  of  partially  racemic  a-salt,  so  closely  do 
they  resemble  the  deposits  of  the  latter.  If  the  partially  racemic 
^•salt  separates  first,  crystallisation  is  continued  until  white  specks 
appear,  and  the  solution  is  then  decanted  and  further  evaporated.  The 
bulky,  white  masses  thus  obtained  melt  somewhat  indefinitely  at 
about  122°,  and  when  recrystallisod  from  water  are  deposited 
apparently  unchanged,  except  that  their  mother  liquors  often  afford 
small  quantities  of  the  )3-salt ;  on  repeated  fractional  crystallisation, 
however,  the  deposits  become  more  and  more  definite,  and  after  about 
ten  operations  a  relatively  very  small  quantity  of  an  apparently  pure 
product  is  obtained. 

This  substance  crystallised  from  water  in  long  needles  melting  at 
about  130**;  when  separated  into  two  fractions  by  crystallisation 
from  water,  the  two  fractions  seemed  to  be  homogeneous  and  identical. 
They  were  dried  at  100^  and  examined  optically  in  aqueous  and  in 
chloroform  solution,  with  the  following  results  :  — 


Fraction 


Viia^e  values  are  very  different  from  those  given  by  the  a/sult  under 
conesponding  conditions,  |^nd  the  optical  examination  seems  to  show 
that  this  new  substance  is  identical  with  the  /3/-isomeride  obtained 
from  the  regenerated  oAsalt  (p.  888),  but  is  not  quite  pure;  on 
urther  investigation,  these  conclusions  were  fully  confirmed  and  this 
substance  is  therefore  referred  to  as  the  pi-sali. 


Vol.  of 

Length  of 

SubsUnce. 

Solvent.      solution. 

tubs. 

ao. 

[«]u. 

I 

0-5724 

Water       25  c.c. 

200  mm. 

1-88° 

411° 

II 

0-4570 

I'                >> 

»» 

163 

446 

I 

0-5724 

Chloroform       „ 

»> 

1-85 

404 

11 

0-4570 

»>                ft 

»» 

154 

421 

896  KIPPING:   ISOMERIC   PARTIALLY   RACEMIC  SALTS 

The  various  aqueous  filtrates  resulting  from  the  crystallisation  of 
the  ySZ-salt  give,  when  evaporated  at  the  ordinary  temperature,  deposits 
which  generally  contain  three  compounds,  namely,  the  partially 
racemic  /}-salt,  the  opaque,  white  masses,  and  small  rosettes  of  prisms ; 
the  latter  crystals  being  of  some  size  are  distinctly  yellow,  and  can  thus 
be  picked  out  from  the  deposits ;  when  dissolved  in  hot  water,  they 
separate  again,  on  cooling,  in  long  needles  which  melt  at  about  130° 
and  appear  to  be  identical  with  the  crystals  of  the  /?/-salt ;  if,  how- 
ever, they  are  mixed  with  some  /S/-salt,  the  mixture,  when  dissolved  in 
hot  water,  gives  an  oily  product,  whereas  the  )S/-isomeride  separates 
in  crystals  even  on  the  water-bath.  When  crystallised  slowly,  more- 
over, the  solution  of  this  mixture  gives  the  opaque,  white  masses. 

The  rosettes  of  yellow  prisms,  therefore,  are  different  from  the 
crystals  of  the  y3/-isomeride,  and  this  conclusion  is  confirmed  by  the 
results  of  polarimetric  examination  obtained  with  two  different 
samples  dried  at  100°. 

Substance.        Solvent.     Vol.  of  solution.     Length  of  tube.        Oo.  [a]o. 

0-502         Water  25  c.c.  200  mm.        -f2-36°       +58-7° 

0-418  „  „  „  1-94  58-0 

As  the  specific  rotation  of  the  a^salt  in  aqueous  solution  is  [a]o 
+  60",  and  as  these  samples  (which,  however,  were  not  very  carefully 
purified)  have  all  the  other  properties  of  the  a^-isomeride,  there  is  no 
doubt  that  the  latter  is  a  component  of  the  partially  racemic  fi-salt. 

The  isolation  of  the  y8/-salt,  which  in  any  case  is  very  troublesome, 
is  best  accomplished  by  the  method  previously  described  in  the  case  of 
the  regenerated  a^salt  (p.  887) ;  after  repeatedly  crystallising  from  cold 
dilute  methyl  alcohol  (not  fractionally)  and  picking  out  every  time  any 
crystals  of  the  a^-  or  of  the  partially  racemic  ^-salt  which  can  be  observed, 
the  white,  opaque  masses  are  fractionally  crystallised  from  warm 
water  until  the  most  sparingly  soluble  portion  separates  in  distinct 
needles  of  some  size.  The  mother  liquors,  again,  give  the  white,  opaque 
masses,  which,  having  been  separated  from  some  )3/-salt,  when  recrys- 
tallised  from  aqueous  methyl  alcohol  furnish  the  rosettes  of  the 
a/-isomeride  ;  these  are  removed  and  the  operations  continued. 

In  this  way,  the  substance  in  the  aqueous  solution  (6)  is  finally 
separated  into  a/-salt,  crude  /3/-salt,  and  the  partially  racemic  yS-salt. 

There  is  another  method  which  sometimes  gives  the  fil-saAt  in  small 
quantities,  but  which  is  very  uncertain  ;  this  is,  to  evaporate  on  the 
water-bath  the  ethyl  acetate  filtrate  from  the  original  deposit  (a), 
when  the  oily  residue  gradually  solidifies  to  a  solid  mass ;  if  this  is 
DOW  repeatedly  extracted  with  boiling  ethyl  acetate,  the  residue, 
when  dissolved  in  water,  givei  the  white,  opaque  masses  of  the  mixture 
of  cd'  and  fil-aUta,  the  former  being  generally  present  in  relatively 
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>m%\\  proportion ;  from  these  deposiU,  the  fiiuM  it  iioUted  by  the 

•>thod  already  described.     The  curious  fact  is  here  observed  that, 

^▼hereas  the  first  deposit  from  the  hot  ethyl   acetate  solution  of  the 

partially  raoemio  salt  consists  of  the  ad-  and  )9(i-isomerideSf  the  most 

sparingly  soluble  portion  of  the  residue  just  referred  to  is  a  mixture 

of  the  «/•  and  /3/-5alts;  this  is  doubtless  because  all  the  four  com- 

ponwits  mif  a/,  fid,  fil^  are  practically  insoluble  in  boiling  ethyl  acetate 

wbao  separated  from  the  others,  but  are  soluble  in  presence  of  the 

(v^rresponding  isomeride.      In  resolving  the  ^-salt,  it  often  happens 

iftt,  although  the  original  precipitate  may  appear  to  be  a  Fatisfactory 

resolution  product  and  melt  at  a  temperature  far  above  the  melting 

i>oint  of  the  partially  racemic  salt,  yet  when  crystallised  from  water 

gives  a  deposit  consisting  almost  entirely  of  the  latter ;  in  such 

cases,  therefore,  the  precipitate  contains  all  the  four  isomerides. 

Final  ProducU  of  the  Resolution  of  the  pSall. 

The  following  are  the  various  products  of  the  resolution  of  the 
partially  racemic  )3-faIt : 

(1)  Pure  orf-salt ;       m.  p.  222—223°  ;  [a],,  +599°  in  water. 

(2)  Impure  /W-salt ;  m.  p.  207—208°  ;  „     +  49-2 

(3)  Purea/-salt;        m.  p.  indefinite  (130°) ;    „      +590 

(4)  Pure/W-salt;        m.  p.         „         (130°);    „      +394 

(5)  ^fixtures  of  the  ad-  and  y^c^-salts  in  various  proportions. 

The  quantities  of  (3)  and  (4)  are  approximately  the  same,  and  the 
sum  of  the  weights  of  (1),  (2),  and  (5)  is  approximately  equal  to  that 
of  the  weights  of  (3)  and  (4) ;  it  may  be  concluded,  therefore,  that  the 
partially  racemic  /3-salt  is  composed  of  approximately  equal  quantities 
of  the  four  isomerides,  but  it  is  impossible  to  make  more  than  a  rough 
estimate. 

pl-Ui/drindam ine  Bromocamp/iorstdphonate. 

Various  samples  of  the  )3/-salt  obtained  in  the  resolution  of  the 
Partially    racemic  fisalt  gave,  when  examined  optically  in  aqueous 

)lution,  [ajo  +40*4°,  +44  6°,  and  +41-8°,  whereas  samples  of  the 
)7-salt,  isolated  from  the  regenerated  a/-modification  (p.  888),.  gave 
-  41°  and  +  39*5°  respectively  ;  all  these  preparations  crystallised  in 

>ng  needles,  and  were  seemingly  pure,  but,  nevertheless,  most  of 
them  contained  small  quantities  of  the  a/isomeride,  of  which  [a]o 
»+60°.  • 

A  considerable  quantity  of  this  crude  plsa\t  having  been  prepared 
from  the  partially  racemic  /^-compound,  the  whole  was  crystallised  four 
times  from  water  and  aqueous  methyl  alcohol  alternately,  and  the 
most  sparingly  soluble  portion  separated  and  dried  at  100°  (sample  I). 
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Its  specific  rotation  was  then  determined  in  chloroform  and  in  aqueous 


solutions : 

Vol.  of 

Length  of 

Substance.     Solvent. 

solution. 

tube. 

«o- 

Wo- 

Sample       I 

0-5     Chloroform 

25  c.c. 

200  mm. 

1-47° 

36-7° 

11 

0-5 

>> 

u 

1-46 

36-5 

„     in 

0-5 

>> 

>» 

1-47 

36-7 

I 

0-5          Water 

»> 

)> 

1-58 

39-4 

The  two  samples  (II  and  III)  were  obtained  in  later  preparations, 
and  purified  in  a  similar  manner. 

Further  crystallisation  failed  to  change  the  optical  or  other  proper- 
ties of  this  isomeride  in  any  way,  and  the  final  value  (  +  39  4°) 
obtained  in  aqueous  solution  agrees  very  closely  with  that  of  the  pure 
sample  of  ^^salt  isolated  from  the  regenerated  aZ-modification  ;  as 
the  small  quantity  of  the  aMsomeride  present  in  the  crude  pi-saXt 
becomes  removed,  the  crystals  of  the  latter  gradually  change  from 
tufts  of  minute  needles  to  distinct,  lustrous  prisms,  and  after  some 
experience  it  is  easy  to  tell  by  mere  inspection  when  the  fil-saXt  is 
free  from  its  isomeride. 

That  the  pure  substance  is  identical  with  the  /5^-component  of  the 
regenerated  a/-salt  is  proved  by  the  identity  in  optical  properties  and 
in  all  other  respects ;  samples  from  the  two  sources,  when  mixed  and 
crystallised,  behaved  like  a  single  substance. 

Although  several  analyses  of  the  partially  racemic  )3-salt  had  been 
previously  made  {loc.  ci7.),  and  there  could  consequently  be  little 
doubt  as  to  the  composition  of  this  pl-ssM,  a  halogen  determination 
was  made  with  a  pure  sample  dried  at  100° : 

0-306  gave  01285  AgBr.     Br  =  17-9. 

CioHi^OBrSOgHjCgHjiN  requires  Br=180  per  cent. 

This  ^^salt  seems  to  be  more  sparingly  soluble  in  warm  water  than 
the  a/-isomeride,  but  at  the  ordinary  temperature  their  solubilities  are 
the  same,  as  was  found  experimentally  ;  it  separates  from  moderately 
concentrated  warm  solutions  in  long  prisms  or  needles,  from  very 
concentrated  hot  solutions  in  felted  masses  which  seem  to  be  crystallo- 
graphically  different  from  the  needles ;  even  when  its  solutions  are 
evaporated  on  the  water-bath,  the  pure  /8/-salt  separates  in  crystals, 
whereas  the  aMsomeride  under  these  conditions  is  often  deposited  as 
an  oil.  The  pi-sa\t  crystallises  from  atjueous  methyl  alcohol  in  fairly 
large,  semi-transparent  prisms,  less  well-defined  than  those  of  the 
a/-isomeride,  which,  however,  it  resembles  very  closely  in  most  other 
respects.  Like  the  latter,  it  does  not  melt  definitely,  a  fact  which 
adds  to  the  difficulty  of  isolating  a  pure  prepai-ation ;  many  melting 
point  determinations  have  been  made,  but  the  behaviour  of  the  salt 
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variee  so  much  with  the  site  of  the  erjst&U .  and  with  the  rate  of 
heating  thai  concordant  reeults  are  seldom  obtained.  The  finely 
powdered  salt  sometimes  melts  almost  completely  at  about  122^»  but 
sometimes  shows  very  little  change  until  about  233° ;  single  crystals 
of  moderate  sise  sometimes  melt  almost  entirely  and  fairly  sharply  at 
128—130^,  sometimee  only  partially  even  at  138"^;  even  if  fusion, 
irtial  or  complete,  occurs  at  these  relatively  low  temperatures,  the 
lit  genet-ally  solidifies  again  and  melts  for  a  8eeond  time  at  about 
33**»  decomposing  slightly.  It  may  be  inferred  that  this  behaviour 
is  due  to  diaiorphisui  ;  the  form  obtained  from  aqueous  solutions  has 
probably  a  melting  or  transition  point  of  about  122°,  at  which 
temperature  it  passes  more  or  less  completely  and  rapidly,  accordiog 
to  the  conditions  of  the  experiment,  into  a  modification  melting  at  a 
higher  temperature;  whether  the  second  melting  point  or  decom- 
position point  (233°),  which  is  fairly  constant,  is  that  of  this  second 
crystallographic  modification  or  that  of  some  compound  of  acid  and 
salt  has  not  been  determined. 


SyrUheiis  of  the  partially  Raoemic  fi-aalt  (m.  p.  130°). 

The  first  results  of  the  experiments  on  the  resolution  of  the  )8-salt 
<^med  to  show  that  this  substance  was  composed  of  two  salts,  namely, 
;ie  component  melting  at  about  215 — 216°,  obtained  from  the  deposit 
(a)  (p.  892),  and  the  component  crystallising  in  tufts  of  needles  melting 
at  about  122°  obtained  from  the  aqueous  solution  (b)  (p.  895);  before 
it  was  known  that  each  of  these  components  is  a  mixture  of  isomerides, 
it  seemed  desirable  to  ascertain  whether  or  not  they  were  identical 
with  the  components  of  the  partially  racemic  a-salt  which  respectively 
they  resembled  very  closely.  The  best  way  of  doing  this  seemed  to 
be  to  mix  the  two  )3-products  in  equal  quantities  and  crystallise  the 
mixture  from  water ;  this  experiment  was  therefore  made. 

The  sample  of  the  less  fusible  component  which  was  used  had  been 
crystallised  only  once  or  twice  from  water  to  free  it  from  partially 
racemic  )3-salt,  and  probably  consisted,  therefore,  of  the  isomeric  ad-  and 
/3<2-salts  in  practically  the  same  proportions  as  they  occur  in  the  partially 
racemic /3-component;  tbesampleof  the  more  fusible  component,  however, 
had  been  fractionally  crystallised  from  water,  and  probably  contained  a 
^larger  proportion  of  the  )3/-isomeride  than  the  original  mixture. 
Teveitheless,  on  crystallising  the  mixed  salts  from  water,  a  substance 
deposited  in  transparent,  well-defined,  hydra  ted  prisms  which 
fndistingubhable  in  appearance  from  the  crystals  of  the  ordinary 
ily  racemic  /3-salt,  and  which,  when  dried,  had  the  melting  point 
of  the  latter.  Crystallisation  of  this  synthetical  product  failed  to 
reveal  the  presence  of  any  of  the  partially  racemic  a*salt. 
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This  experiment  proves  that  the  ordinary  partially  racemic  )3-salt  is 
really  a  mixture  of  four  isomerides,  and  that  the  ad-  and  a^components 
which  are  obtained  from  it  are  not  derived  from  the  partially  racemic 
a-salt  present  as  impurity. 

Synthesis  of  a  New  partially  Racemic  pSalt. 

Having  found  that  the  two  components  used  in  the  preceding 
experiment  were  both  mixtures  of  isomerides,  and  that  the  ordinary 
/3-salt  consists  of  four  substances,  it  seemed  interesting  to  ascertain 
the  result  of  mixing  the  pure  yS^salt  with  the  (impure)  y9c?-isomeride. 

For  this  purpose,  a  sample  of  pure  yS^salt  having  a  specific  rotation 
of  [ajo  +36-5°  in  chloroform  and  [ajo  +394°  in  aqueous  solution 
was  mixed  with  an  equal  quantity  of  a  sample  of  impure  ^c^-salt 
having  the  values  [ajo  +31°  and  [ajp  +55*7°  under  corresponding 
conditions. 

The  specific  rotation  of  the  mixture  was  then  determined,  with  the 

following  results  : 

Vol.  of  Lengtli  of 

Substance.             Solvent.              solution.  tube.                     a^.                 Md. 

0-6            Chloroform        25  c.c.  200  mm.         +164°        +41° 

0-5               Water                „  „                  1-93             485 

On  crystallising  the  mixture  from  water,  a  salt  was  deposited  in 
rosettes  of  well-defined,  transparent  prisms,  indistinguishable  by 
inspection  from  the  crystals  of  the  ordinary  partially  racemic  )8-salt ; 
these  prisms,  moreover,  contained  water  of  crystallisation,  an  air- 
dried  sample  losing  26  per  cent,  of  water  when  heated  at  100°  during 
7  hours,  and  3*09  per  cent,  after  heating  during  13  hours;  the  ordinary 
)8-salt  contains  2*7  per  cent,  of  water. 

Obviously,  however,  this  substance  cannot  be  identical  with  the 
ordinary  partially  racemic  )8-salt,  and  as  a  matter  of  fact  it  differs  from 
the  latter  in  melting  point;  when  previously  dried  at  100°,  instead  of 
melting  at  130°  (the  melting  point  of  ordinary  ^-salt),  it  fuses  fairly 
sharply  at  158 — 160°,  probably  undergoing  some  crystallographic 
change  at  lower  temperatures,  since  it  seems  to  melt  partially  at  about 
140°  and  then  solidify  again. 

A  consideration  of  the  optical  properties  of  this  salt  in  different 
solvents  affords  insuflBcient  evidence  that  it  is  different  from  the 
ordinary  partially  racemic  p-s&M.  Calculating  from  the  values  of  its 
components,  its  specific  rotation  in  chloroform  should  be  [ajp  +33*7° 
and  in  water  [ajp  +475°,  those  actually  found  being  [ajp  +A°and 
+  48  5°  respectively;  in  chloroform,  therefore,  the  observed  is  very 
different  from  the  calculated  value,  whereas  in  aqueous  solution  the 
two  values  are  practically  the  same,  showing  that  in  the  latter  case  the 
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presence  of  the  one  iaomeride  does  not  seem  to  change  appreciably  the 
specific  rotation  of  the  other. 

Now  the  specific  rotation  of  the  ordinary  partially  racemic  /S-salt 
was  previously  given  as  +  41*5°  in  chloroform  (one  determination  only), 
and  from  +48*3°  to  +54*3°  in  water;  taking  the  lowest  of  these 
▼alues  in  aqiieoas  solution,  the  results  agreed  very  closely  with  those 
obtained  with  the  synthetical  salt. 

During  the  present  investigation,  a  specimen  of  the  ordinary 
partially  racemic  /3-salt  was  obtained  by  crystallisation  from  aqueous 
alcohol  in  large,  beautifully  defined,  Hat  prisms,  all  of  which  were 
obvioui^ly  identical ;  as  this  sample  seemed  to  represent  a  perfectly 
definite  compound,  it  was  dried  in  the  air  and  examined  optically,  with 
the  following  results : 

Substance.  Solvent     Vol.  of  solution.    Length  of  tube.       0^.  [o]d. 

0*5  Chloroform        25  c.c.  200  mm.       +1-82°        +45*5° 

0-5  Water  „  „  216  640 

Calculating  for  the  anhydrous  substance,  the  values  would  be 

chloroform:  [a]i,  +46*8°,     water:  [ajp  +55*5°, 

which  are  higher  in  both  cases  than  any  previously  obtained. 

From  the  results  of  these  experiments,  it  would  seem,  therefore,  that 
the  four  isomerides  of  the  ordinary  partially  racemic  /3-salt  may 
crystallise  together  in  different  proportions,  giving  products  which  are 
apparently  homogeneous,  and  which  have  all  the  ordinary  characteristics 
of  a  pure  single  substance ;  a  change  in  the  solvent  or  in  the  tem- 
perature at  which  crystallisation  occurs  probably  causes  a  slight 
alteration  in  the  proportions  of  the  four  components  of  the  y3-salt 
without  appreciably  altering  the  crystalline  form,  so  that  on  fraction- 
ally crystallising  under  ordinary  conditions,  a  number  of  slightly 
different  substances  may  be  obtained.  In  any  case,  on  crystallising 
the  original  salt,  obtained  from  c?/-hydrindamine  and  c^-bromocamphor- 
sulphonic  acid,  the  whole  of  the  fid-  and  /3/-components  remain  in  the 
deposits  of  partially  racemic  /3-salt,  since  the  two  products  of  the  reso- 
lution of  the  a-salt  are  homogeneous,  and  consist  of  the  pure  ad-  and 
a/-isomerides  respectively. 

That  the  partially  racemic  o-salt  is  free  from  the  pd-  and 
I /3^- isomer  ides  might  be  inferred  from  a  consideration  of  the  specific 
[rotation  of  the  salt  itself  and  those  of  its  components,  the  values  in 

per  cent,  aqueous  solution  being  as  follows  : 

o-Salt:  [a]D  +60-8°;  •rf-salt :  [aj^  +61°;  oZ-salt :  [o]d  +60°. 

Taking   the   values  in  2  per  cent,   aqueous  solution,   the  average 
for   the  partially  racemic  )3-salt  is  about  [ajo    +51*0°;  those  of  its 
>mponents  are  as  follows:    cuf-salt,    +61°;    oZ-salt,    +60°;    ^d-salt 
VOL.  LXXXIII.  3   O 
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(impure),  +  50° ;  pi-s&\t,  +  39°.  Assuming  that  the  ordinary  partially 
racemic  y3-salt  contains  approximately  equal  quantities  of  all  four 
components,  its  calculated  specific  rotation  would  be  [ajp  +52*5°. 

It  is  an  interesting  question  whether  the  ad-  and  o/isomerides  and 
the  /3d-  and  ySZ-forms  are  actually  produced  in  equal  quantities  on 
combining  the  dl-hase  with  the  acid,  or  whether  a  larger  proportion 
of,  say,  the  ad-saXt  is  formed  from  cZ-base  than  of  a/-salt  from  the 
/-base;  from  theoretical  considerations,  equality  is,  perhaps,  to  be 
expected. 

A  comparison  of  the  properties  of  the  four  isomeric  hydrindamine 
bromocamphorsulphonates,  described  in  this  and  in  the  preceding  paper, 
with  those  of  the  corresponding  (Zchlorocamphorsulphonates  (see  below) 
and  a  discussion  of  their  isomerism  form  the  subject  of  a  later  com- 
munication (p.  937). 

University  College, 
Nottingham. 


LXXXVIII. — Isomeric  Partially  Racemic  Salts  contain- 
ing Quinquevalent  Nitrogen.  Part  X.  The  Four  Iso- 
meric HydHndamine  di-Chlorocamjphorsulphonates 
NK1R2HS. 

By  Frederic  Stanley  Kipping. 

The  further  investigation  of  the  partially  racemic  a-  and  jS-salts 
derived  from  (ZZ-hydrindamine  and  d-chlorocamphorsulphonic  acid 
(Kipping,  Trans.,  1900,  77,  889)  was  a  natural  consequence  of  the 
results  described  in  the  preceding  papers,  and  it  was  expected,  from 
the  close  relationship  between  corresponding  salts  of  the  two  acids, 
that  the  methods  used  for  the  resolution  of  the  bromo-compounds  would 
be  equally  successful  in  the  case  of  the  chloro-derivatives ;  these 
expectations,  however,  were  not  realised  ;  it  was  not  found  possible  to 
resolve  either  of  the  partially  racemic  salts  of  the  chloro-acid  by 
crystallising  from  boiling  ethyl  acetate,  with  or  without  the"  addition 
of  light  petroleum. 

Fortunately,  an  alternative  method  was  available  for  the  isolation 
of  the  four  isomerides,  the  existence  of  which  had  been  promised, 
namely,  to  combine  the  optically  active  bases  obtained  from  the  broifio- 
ealts  with  the  chloro.acid,  and  then  to  submit  the  products  to  fraotiooal 
crystallisation ;  the  results  of  these  experiments  may  be  summarised 
as  follows. 

(^-Hydrindamine,   prepared  from  the    pure    ac2-oomponent  of    th< 
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partially  rAoemio  bromo-salt^  combines  with  f/*ohlorooamphoraulphoiiio 
acid,  giving  two  iaomeho  salts  in  very  unequal  quantities. 

The  prineipal  product,  which  corresponds  with  the  cui  bromo-salt, 
and  whieh  is  therefore  distinguished  as  the  a-is  omeride,  is  easily 
obtained  in  a  pure  condition.  It  separates  from  water  in  well-defined, 
compact,  hydrated  crystals,  melts  at  208 — 209°  when  dehydrated,  and 
haa  a  specific  rotation  [  a]i>  +  46*^  in  aqueous  and  [a]^  -H  15*5°  in  chloro- 
form solution.  It  is  very  different  in  ordinary  properties  from  the 
corresponding  af/bromo-salt,  and  also  from  all  the  other  three  isomeric 
chloro-salts. 

The  second  product,  which  corresponds  with  the  /ic/bromo-salt,  is 
formed  in  relatively  very  small  quantities,  but  can  nevertheless  be 
isolated  in  what  seems  to  be  a  pure  condition.  This  /Sc^isomeride 
crystallieee  from  water  in  long,  hydrated  needles  and  melts  at 
202 — 203**  when  dehydrated  ;  its  specific  rotation  is  [ajo  +  59°  in 
aqoeoos  and  [a]i,  +  50*0°  in  chloroform  solution. 

The  great  difference  in  outward  characters  between  these  isomerides 
is  very  noteworthy  considering  the  great  similarity  which  seems  to 
exist  between  the  corresponding  ad-  and  fid-iorms  of  the  bromo- 
camphorsulphonate ;  it  is  also  interesting  to  note  that  in  spite  of 
these  differences  the  isolation  of  the  /Scf-isomeride  is  exceedingly 
troublesome,  this  modification  retaining  small  quantities  of  thecui-com- 
pound  with  great  tenacity. 

That  these  two  chloro-salts  are  really  produced  from  identical  com- 
ponents was  proved  by  decomposing  the  pure  ad-form  and  regenerating 
the  salt  from  the  same  acid  and  the  same  base ;  the  product  consists 
of  a  mixture  of  the  ad-  and  /3(i-isomerides. 

As  the  /3(2  chloro-salt  has  a  much  higher  specific  rotation  than  the 
ai-isomeride,  it  is  obvious  that  its  formation  cannot  be  attributed  to 
racemisation  of  the  chloro-acid. 

^Hydrindamine,  prepared  from  the  pure  a^modificatioti  of  the 
bromo-salt,  also  combines  with  (2-chlorocamphorsulphonic  acid,  giving 
rise  to  a  mixture  of  very  unequal  quantities  of  two  isomerides. 

The  principal  product,  the  a/-modificatioo,  corresponding  with  the 
oAbromo-salt,  separates  from  water  in  long,  anhydrous  needles,  indis- 
tinguishable by  inspection  from  those  of  the  a/-bromo-compound  ;  it 
melts  at  118 — 119°  and  has  a  specific  rotation  [ajo  -i-  44°  in  aqueous, 
and  [a]j,  -»•  45*5°  in  chloroform  solution. 

The  subsidiary  product,  namely,  the  )3^-isomeride,  is  formed  in  rela* 
I  lively  very  small  quantities,  and  its  separation  from  the  ciZ-salt  is  a 
most  troublesome  operation  ;  nevertheless,  it  can  be  isolated  in  a  pure 

mdition,  and  then  crystallises  from  water  in  long,  anhydrous  needles 
Iting  very  indefinitely  at  about  140°.     Its  specific  rotation  is  [a]o 

•57*5°  in  aqueous  and  [ajo   +60*5°   in   chloroform  solution.     This 
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/3^chloro-salt  closely  resembles  the  corresponding  bromo-isomeride  in 
nearly  all  respects,  and  like  the  latter  seems  to  be  dimorphous. 

The  pure  a^-form  of  the  chloro-acid,  when  decomposed  and 
regenerated  from  the  same  acid  and  the  same  base,  gives  rise  to  both 
the  a/-  and  /3/-modifications,  so  that  the  isomerism  of  the  two  com- 
pounds is  of  the  same  type  as  that  of  the  ad-  and  pd-ssiits.  Here, 
again,  since  the  subsidiary  product  has  a  higher  specific  rotation  than 
its  isomeride,  its  formation  cannot  be  attributed  to  racemisation  of  the 
chloro-acid. 

The  isolation  of  these  four  isomeric  hydrindamine  chlorocamphor- 
sulphonates  affords  strong  support  to  the  author's  views  as  to  the 
nature  of  the  isomeric  partially  racemic  salts,  but  a  discussion  of 
their  properties  from  this  standpoint  is  postponed  until  the  isomeric 
derivatives  of  methylhydrindamine  have  been  described  (p.   918). 

Experimental. 

AttemjHs  to  Resolve  the  partially  Racemic  a-  and  pSalts. 

It  has  already  been  mentioned  that  the  resolution  of  the  partially 
racemic  hydrindamine  chlorocamphorsulphonates  (Trans.,  1900,  loc.  cit.) 
has  not  yet  been  accomplished,  and  the  difference  in  behaviour  between 
these  salts  and  those  of  the  bromo-acid  is  certainly  noteworthy. 

The  partially  racemic  a-salt  was  dissolved  in  a  very  small  quantity 
of  alcohol,  the  solution  evaporated  to  a  syrup,  and  hot  ethyl  acetate 
added,  together,  in  some  cases,  with  a  slight  amount  of  light  petroleum 
(b.  p.  80 — 90°) ;  on  allowing  the  solution  to  simmer  on  the  water- 
bath,  very  slender  needles  were  slowly  deposited,  just  as  in  the  case 
of  the  bromo-salt,  and  it  seemed  that  a  partial  resolution  had  occurred ; 
when,  however,  this  precipitate  was  separated  and  dissolved  in  water, 
the  solution  gave  deposits  of  the  bulky,  opaque  masses  of  the  partially 
racemic  a-salt.  Fractional  crystallisation  of  the  original  deposit  from 
boiling  ethyl  acetate  was  also  tried,  the  operations  being  continued 
until  only  a  very  small  quantity  of  salt  remained,  but  even  this 
preparation  seemed  to  consist  of  approximately  equal  quantities  of  the 
ad-  and  a^components,  as  when  crystallised  from  water  it  gave  the 
hydrated  partially  racemic  salt. 

The  partially  racemic  )3salt  was  examined  in  a  somewhat  similar 
manner,  but  it  could  not  be  made  to  crystallise  from  the  hot  solutions, 
and,  on  cooling,  crystals  of  the  original  fi-salt  were  slowly  deposited. 

Formation  and  Separation  qf  the  ad-  and  pd-Uomeridea, 

The  pure  a<f-modification  of  hydrindamine  bromocamphorsulphonate 
(this  vol.,  p.  878)  was  decomposed  with  barium  hydroxide  solution,  the 
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base  distilled  Id  steam,  and  the  distillate  neutralised  with  c^chloro- 
camphorsulphonic  acid,  prepared  from  the  carefully  purified  ammonium 
salt  (Kipping  and  Pope,  Trans.,  1895,  67,  364);  after  having  been 
concentrated,  the  solution,  on  cooling,  deposited  a  large  quantity  of 
salt  in  long,  opaque  bundles  or  bands  of  small  prisms ;  this  salt  was 
removed,  the  solution  concentrated,  and  the  first  and  successive 
deposits*  repeatedly  and  systematically  crystallised  from  water  and 
aqueous  alcohol. 

The  salt  was  thus  separated  into  seven  fractions,  each  of  which, 
excepting  the  last,  had  been  crystallised  about  six  times,  the  mother 
liquors  from  the  first  (fraction  I)  being  used  to  dissolve  the  next,  and 
so  on ;  fraction  VII  was  obtained  by  evaporating  the  final  mother 
liquors  to  a  small  bulk  and  then  separating  the  whole  of  the  deposit 
from  the  cold  solution. 

All  the  fractions  thus  obtained  seemed  to  be  identical,  aud  consisted 
of  broad,  opaque  bands  of  characteristic  appearance  ;  melting  point 
determinations  indicated  the  presence  of  water  of  crystallisation,  the 
several  fractions  partly  liquefying  at  about  140°,  then  gradually 
solidifying  and  melting  again  at  203 — 208°. 

When  dried  at  100°,  fraction  I  melted  sharply  at  208—209°; 
fraction  VII  sintered  at  203—204°,  and  melted  at  206—207°. 

The  specific  rotations*  of  these  two  fractions  (dried  at  100°)  were 
determined  in  chloroform  and  in  aqueous  solutions,  with  the  following 
results: 


Substance. 

Solvent.        Vol.  of  solution. 

Od. 

[a]o. 

Fraction     I 

0-5 

Chloroform           25  c.c. 

+  0-62° 

+ 15-5° 

„      VII 

0-5 

»»                     >» 

1-52 

380 

I 

05 

Water 

1-84 

46-0 

„      VII 

0-5 

»                     }) 

2-10 

52-5 

Obviously,  in  spite  of  their  similarity  in  appearance  and  melting 
point,  these  two  fractions  contained  salts  having  very  different  specific 
rotations,  especially  in  chloroform  solution,  and  the  presence  of 
isomerides  was  distinctly  indicated. 

In  order  to  ascertain  to  what  extent  the  fractional  crystallisation 
had  effected  a  separation  of  these  isomerides,  fractions  II  and  VI  were 
also  dried  at  100°  and  examined  in  the  polarimeter : 


I  Substance.     Solvent.  Vol.  of  solution. 

Fraction   II  0  5      Chloroform       25  c.c. 


VI  0-5 

II  0-5        Water 

VI  0-5 

A  200  mm.  tube  was  employed  in  all  these  polarimetric  determinations. 


Oi,. 

[«]u 

0-59° 

+  14-79^ 

0-80 

20-0 

1-86 

46-5 

1-86 

46-5 
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These  results  indicated  that  fractions  I  to  V  probably  consisted  of 
the  oc?-salt  only,  whilst  fraction  VI  contained  a  small  amount,''and 
fraction  VII  a  larger  proportion  of  the  ^cZ-isomeride. 

Regeneration  of  the  ad-Salt. 

The  first  five  fractions,  which  constituted  about  85  per  cent,  of  the 
whole,  were  next  decomposed  with  barium  hydroxide  solution,  the 
base  distilled  in  steam  and  again  neutralised  with  the  chloro-acid, 
which  was  recovered  from  the  solution  of  the  barium  salt.  The  solu- 
tion was  then  concentrated,  and  the  regenerated  salt  systematically 
crystallised  from  water  and  aqueous  alcohol  as  before  ;  it  was  thus 
separated  into  eight  fractions,  all  of  which  except  the  last  (Villa)  had 
been  crystallised  about  eight  times. 

Fractions  la  and  Villa  were  dried  at  100° ;  they  then  melted  at 
207°  and  200°  respectively,  and  gave  the  following  values  when  examined 
optically : 

Substance,  Solvent.     Vol.  of  solution.       Oi,.            [o]t>. 

Fraction         la         05  Chloroform       25  c.c.       +0-63°  +15-75° 

Villa          „  „                     „              0-72           180 

„              la         „  Water                „              183          457 

These  results  seem  to  show  that  the  regenerated  salt  was  homo- 
geneous, but  as  this  could  hardly  be  the  case,  fraction  Vila  (the  last  but 
one),  which  differed  somewhat  from  the  others  in  appearance,  was  also 
examined,  and  as  the  following  data  show,  an  impure  preparation  of 
the  missing  ^c^-isomeride  was  thus  discovered. 

Fraction    Vila      0-5  gram     Chloroform      25  c.c.      +1-39°      +34-8° 

This  experiment  emphasises  the  importance  of  examining  such  salts 
for  the  presence  of  isomerides,  and  shows  also  that  even  when  one  of 
the  compounds  is  produced  in  relatively  very  small  proportion  it  does 
not  necessarily  pass  into  the  final  mother  liquors  when  the  crude  pro- 
duct is  systematically  crystallised  ;  similar  observations  have  been 
made  in  the  case  of  the  other  salts  examined. 

Having  proved  that  the  chloro-salt  regenerated  from  the  pure  ow/- 
compound  contains  an  isomeride,  attempts  were  made  to  isolate  the 
latter. 

The  two  fractions,  VII  and  Vila,  of  the  crude  preparation  were 
therefore  mixed  together  and  crystallised  two  or  three  times  from 
water  at  the  ordinary  temperature  ;  a  salt  was  then  deposited  in  opaque, 
bulky  masses  of  slender  needles,  barely  distinguishable  from  the 
partially  racemio  a-salt,  and  some  of  the  mother  liquors  gave  a  similar 
deposit,  containing,  however,  a  few  much  larger  prisms,  which  were 
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obnously  crjsUlti  of  the  ow/-isomeride.  The  latter  were  separated 
meohaDically,  tho  crystallisation  from  water  being  repeated  several 
times  (without  fractionating)  until  the  deposits  seemed  to  be  free 
from  the  a(/-compound  ;  the  salt  was  then  crystallised  twioe  from 
water  and  once  from  ethyl  acetate  containing  a  small  quantity  of  methyl 
alcohol,  the  most  sparingly  so*uble  portion  being  separated  each  time. 

A.  preparation  was  thus  obtained  in  small,  lustrous,  anhydrous 
prisms;' it  melted  sharply  at  195 — 196^  and  appeared  to  be  a  pure 
compound. 

An  optical  examination  of  this  preparation  (IX),  dried  at  100°,  gave 
the  following  results : 

Sabstaoce.  Solvent.  a„.  [a]u. 

Fraction  IX  0*5         Chloroform         +1*39°         +347° 

Water  2-18  545 

From  the  moderately  close  agreement  between  these  values  and 
those  previously  obtained  with  fraction  VII  ((>.  905),  which  had  not 
been  by  any  means  so  exhaustively  treated,  it  seemed  that  the  isola- 
tion of  the  pure  ^c^isomeride  had  been  accomplished.  A.8  a  matter  of 
fact,  however,  in  spite  of  appearances  to  the  contrary,  the  sample 
(fraction  IX)  just  examined  still  contained  relatively  large  quantities 
of  the  a^isomeride.  As  this  preparation  separated  from  warm  con- 
centrated aqueous  solutions  as  an  oil,  and  its  purity  on  that  account 
seemed  doubtful,  it  was  again  fractionally  crystallised  from  water  and 
thus  resolved  into  8  or  10  very  small  portioDs,  some  of  which,  when 
repeatedly  crystallised  at  the  ordinary  temperature,  occasionally  gave 
one  or  two  prisms  of  the  a^modification  ;  these  crystals  were  separated 
mechanically,  and  the  residual  salt  was  then  further  treated,  the  most 
sparingly  and  the  most  readily  soluble  portions  beiog  rejected  ;  it  was 
linally  precipitated  from  its  concentrated  solution  in  hot  methyl  alcohol 
by  the  addition  of  ethyl  acetate,  and  separated  into  two  fractions,  X  and 
XI ;  the  mother  liquors  from  the  last  fraction  (XI)  seemed  to  be  free 
from  cu^-salt,  as  when  evaporated  to  dryness  and  the  residue  crystal- 
lised from  water  no  prisms  of  this  isomeride  could  be  observed  in  the 
deposit. 

These  two  fractions  were  dried  at  100°  and  examined  optically  : 

Wo. 

+  55-2° 
55-2 
34-8 

These  two  .samples  melted  sharply  an  J  simultaneously  at  195 — 196°, 
showing  no  signs  of  sintering  even  at  194°;  when  crystallised  slowly 
from  water  or  aqueous  methyl  alcohol,  tLey  were  deposited  in  long. 


Sabstanoe.        Solrent.      Yol.  of  solation. 

ttu. 

Fraction    X 

0-5           Water             25  c  c. 

+  2-21° 

„        XI 

»»                                  M                                       M 

)t 

„X  +  XI 

„          Qliloroform             „ 

1-39 
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concentrically  grouped  needles  of  some  size,  and  the  deposits  seemed  to 
be  homogeneous.  From  hot  solutions,  however,  the  salt  still  separated 
as  an  oil,  and  it  was  this  behaviour  alone  which  led  to  its  further 
purification. 

The  fractions  X  and  XE,  having  been  mixed  together,  were  sub- 
mitted to  another  long  series  of  crystallisations  from  water  and 
aqueous  methyl  alcohol ;  in  these  operations,  traces  of  the  acZ-salt  were 
repeatedly  met  with,  especially  when  a  deposit,  which  had  been  formed 
very  slowly,  was  treated  with  a  very  slight amountof  methyl  alcohol,  the 
solution  rapidly  decanted,  and  the  residue  crystallised  from  water ;  com- 
bining this  method  with  fractional  crystallisation,  the  pure  )8(Z-isomeride 
was  ultimately  obtained  in  a  crystalline  form  very  different  from  that 
of  the  impure  salt ;  its  properties  are  described  on  p.  909. 

It  is  very  difficult  to  give  even  an  approximate  estimate  of  the 
relative  proportions  of  the  ad-  and  yScZ-isomerides  in  the  original 
chloro-salt,  owing  to  the  large  number  of  crystallisations  required  to 
effect  their  separation  and  to  the  fact  that  a  portion  of  the  pd-saXt 
cannot  be  isolated  ;  roughly  speaking,  the  quantity  of  pure  ySc^  isomeride 
actually  obtained  amounted  only  to  about  5  per  cent. 

ad-IIydrindamine  di-ChlorocamphorsvXphona is. 

This  isomeride,  as  already  indicated,  is  obtained  in  a  pure  condition 
without  any  difficulty  by  repeatedly  crystallising  the  crude  salt  from 
hot  water. 

The  crystals  thus  obtained  consist  of  very  large,  white,  fern-like 
masses  of  small,  ill- defined,  hydrated  prisms ;  from  cold  solutions  in 
water  or  aqueous  alcohol,  the  salt  is  deposited  in  well-defined,  six-sided, 
transparent  crystals,  but  when  they  attain  a  considerable  size  they 
often  have  a  rather  curious  appearance  and  consist  of  an  opaque,  white 
core  surrounded  by  transparent  parts. 

Samples  of  the  crystals  from  aqueous  solution,  which  were  dried 
in  the  air,  and  had  apparently  slightly  effloresced,  were  heated  at  100°. 

M39  lost  00435  at  100°;  H20  =  3-8  per  cent.  (IHjO  requires 
4'3  per  cent.) 

From  its  solution  in  methyl  alcohol,  the  salt  is  precipitated  on  adding 
ethyl  acetate  in  the  form  of  Elender,  well-defined,  apparently  aohydrous 
prisms  indistinguishable  by  inspection  from  the  crystals  of  the 
)3(^i8omeride  obtained  in  a  similar  manner. 

The  ac2-salt  is  very  readily  soluble  in  boiling  water,  and  does  not 
separate  as  an  oil  from  hot  saturated  solutions;  it  dissolves  freely 
in  cold  chloroform.  Its  specific  rotation  in  aqueous  solution  is 
[a]u  +46°,  and  in  chloroform  [a]„  +15'5°. 

The  great  difference  in  appearance  between  the  hydrated  crystals 
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of  this  off-mlt  and  the  Anhydrous  crystals  of  the  corresponding  bromo- 
salt  (p.  878)  is  very  noteworthy  ;  the  difference  between  this  salt  and 
iU  ^-ieomeride  is  also  remarkable  considering  the  probable  similarity 
betwMD  the  ad-  and  /Si-isomerides  of  the  bromo-salt. 

pd'ffydrindamine  d-ChlarocamphorstUphotuUe, 

The  pure  salt  separates  from  water  in  long,  lustrous  needles  or 
prisms,  absolutely  different  in  appearance  from  the  bulky,  opaque 
niisses  which  are  formed  when  a  small  proportion  of  the  a^isomeride 
is  present,  and  it  does  not  separate  as  an  oil  even  from  hot  saturated 
solutions.  The  crystals  from  aqueous  solution  are  hydrated  ;  when 
rapidly  heated,  they  generally  melt  at  100°  in  their  water  of  crys- 
tallisation. 

0-50U  air-dried  salt  lost  00198  at  100°.     H,0  =  3*9. 

Ci^Hi^OCl-SOjHjCgHiiNjH^O  requires  H20  =  4-3  per  cent. 

From  a  solution  in  methyl  alcohol,  ethyl  acetate  precipitates  the 
pd-s^t  in  small,  transparent,  apparently  anhydrous  prisms  melting  at 
202 — 203°.  It  is  very  readily  soluble  in  alcohol  and  chloroform,  but 
only  sparingly  so  in  cold  water. 

Determinations  of  the  specific  rotation  were  made  with  a  sample  of 
the  salt  which  seemed  to  be  pure,  and  which  was  previously  dried  at 
100°: 


Sabstaaes. 

Solvent. 

Vol.  of  solution. 

<v 

[«]„. 

0-4816 

Chloroform 

25  C.C. 

+  1-9° 

+  49-3° 

n 

Water 

M 

2-27 

58-8 

The  great  difference  between  the  value  [a]o  +49*3°  and  those 
(  +  38°,  +  34*7°,  +  34*8°)  previously  obtained  in  chloroform  solution  with 
samples  of  the  impure  salt,  show  that  the  latter  must  have  contained 
a  very  large  proportion  of  the  cui-isomeride  in  spite  of  its  apparent 
homogeneity.  The  value  in  aqueous  solution  is  remarkably  high,  and 
corresponds  with  a  molecular  rotation  [M]d  +235°;  since  the  basic 
ion  has  no  appreciable  optical  activity  in  the  a'i-isomeride,  and  the 
molecular  rotation  of  the  acid  is  only  [M]n  +188^  (Trans.,  1900,  77, 
902),  it  may  be  inferred  that  the  salt  is  only  very  partially  dissociated. 

The  most  striking  difference  between  this  pd-8&\t  and  its  ^/-isomeride 
is  that  the  crystals  of  the  latter  are  anhydrous,  even  when  deposited 
from  aqueous  solution. 

Formaiion  and  Sejxiration  of  the  al-  and  pi-lsomeridea. 

The  /-base,  obtained  by  decomposing  the  pure  a/-modification  of 
hydrindamine  bromocamphorsulphonate  with  barium  hydroxide  solution, 
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is  neutralised  with  pure  chlorocamphorsulphonic  acid  (prepared  from  its 
ammonium  salt)  and  the  solution  concentrated ;  on  cooling,  the 
product  is  deposited  in  long,  transparent  needles,  indistinguishable  by 
inspection  from  those  of  the  cd-iorm  of  hydrindamine  bromocamphor- 
sulphonate;  the  mother  liquors  are  again  evaporated,  and  the  first 
and  subsequent  deposits  systematically  crystallised  from  water  in  the 
usual  manner. 

When  the  salt  is  thus  separated  into  seven  fractions,  each  of  which 
except  the  last  (VII),  which  is  obtained  from  the  final  mother  liquors, 
has  been  crystallised  six  times,  there  is  no  appreciable  difference  in 
appearance  between  them,  and  they  all  melt  at  about  117 — 119°,  the 
last  fraction,  perhaps,  not  quite  so  sharply  as  the  first. 

The  first  fraction  was  now  crystallised  three  times  from  water  and 
three  times  from  aqueous  methyl  alcohol,  a  considerable  proportion 
being  left  in  solution  each  time ;  it  was  then  dried  at  100°  and 
examined  in  the  polarimeter,  with  the  following  results  : 

Substance.  Solvent.       Vol.  of  solution.  a£.  [ajo. 

Fraction  I  0-5  Water  25  c.c.         +177°     +44*25^ 

„  „  Chloroform  „  181  4525 

Only  about  8  per  cent,  of  the  original  salt  remained  when  this  pre- 
paration was  finally  crystallised  three  times  from  water,  the  optical 
properties  of  the  final  fraction  being  practically  identical  with  those  of 
Fraction  I,  as  shown  by  the  following  data : 


Substance. 

Solvent.       Vol.  of  solution. 

Od. 

[«]». 

0-5 

Water             25  c.c. 

+  1-77° 

+  44-25° 

ft 

Chloroform             ,, 

1-83 

45-7 

This  preparation  consists  of  the  pure  aMsomeride,  the  properties  of 
which  are  described  later  (p.  912). 

The  further  examination  of  the  salt  contained  in  fractions  II  to  VII 
at  first  failed  to  reveal  the  presence  of  an  isomeride,  but  on  separating 
the  portions  IV  to  VII  into  about  ten  fractions  by  crystallising  from 
water,  a  slight  difference  in  appearance  between  some  of  them  might 
be  observed,  namely,  that  certain  deposits  contained  tufts,  which  were 
composed  of  somewhat  smaller  needles  than  usual,  and  which  conse- 
quently formed  translucent,  rather  than  transparent,  aggregates.  As 
it  was  not  possible  to  separate  these  tufts  from  the  confused  crystalline 
mass  by  any  mechanical  process,  those  deposits  which  seemed  to  be 
similar  were  added  together  and  this  mixture  again  fractionally 
crystallised  from  water ;  some  of  the  fractions  thus  obtained  seemed 
to  consist  of  pure  o^salt  and  were  rejected,  whilst  others  were  richer 
in  the  translucent  tufts  and  were  collected  separately  ;  there  was, 
however,  no  apparent  connection  between  the  appearance  of  a  fraction 


CONTAINING  QUINQUEVALENT  NITROQEN.      PART  X.        911 

and  its  solubility,  m  when  systematio  crystallisation  was  again 
attempted,  of  six  suooessire  deposits,  the  second  and  fifth,  for 
example,  might  gire  a  considerable  quantity  of  the  tufts,  but  all 
tlM  others  yielded  very  little. 

Guided,  however,  by  the  almost  inappreciable  difiference  in  appear- 
ance (which  is  not  readily  described),  samples,  consisting  largely  of 
tofts,  were  ultimately  obtained,  and  these,  after  several  further 
crystallisations  from  water,  gave  deposits  of  small,  transparent  needles, 
indistinguishable  in  appearance  from  those  of  the  a/-salt,  but  which 
always  began  to  form  at  the  bottom  instead  of  at  the  surface  of  the 
solution ;  the  melting  point  of  these  deposits  now  began  to  differ 
from  that  of  the  a/-isomeride,  and  to  raoge  from  about  120^  to  130°; 
crystallisation  from  aqueous  alcohol  raised  the  melting  point  to 
135— 140^ 

A  sample  of  the  salt  thus  o'btained  in  relatively  very  small 
quantities  and  having  a  melting  point  of  about  136°  was  dried  at 
100°  and  examined  in  the  polarimeter  ;  as  there  was  only  0*6  gram  of 
this  preparation,  the  salt  recovered  from  the  chloroform  solution  was 
used  for  the  determination  in  water  : 

Substanoe.  Solvent        Yol.  of  solution.        au.  [a]o. 

0-5  Chloroform         25  c.c.  +2  34°         +58-5° 

„  Water  „  225  56*5 

These  values  differ  widely  from  those  obtained  with  the  samples  of 
a/-8alt  (m.  p.  118 — 119°),  and  prove  the  existence  of  the  )3/-isomeride. 

The  final  purification  of  this  pl-s&\t  is  a  simple  matter ;  after 
several  recrystallisations  from  aqueous  methyl  alcohol,  it  is  obtained 
in  what  is  doubtless  a  state  of  purity,  and  its  properties  are  described 
later  (p.  912). 

It  is  rather  noteworthy  that,  although  the  isomeric  al-  and  ^/-chloro- 
salts  differ  in  melting  point  by  about  20°,  their  separation  from  one 
another  is  a  far  more  difficult  task  than  that  of  the  corresponding  bromo- 
isomerides,  and  is  only  equalled  by  the  difficulty  of  isolating  the 
/3ci-modification  of  the  chloro-salt ;  even  after  the  experience  gained  in 
the  cases  just  mentioned,  it  was  some  time  before  the  fil-s&lt  was 
successfully  isolated. 

The  quantity  of  the  jS^isomeride  in  the  original  salt  probably  does 
not  amount  to  10  per  cent.,  and  of  this  a  considerable  proportion 
cannot  be  separated  from  the  a/-modification  ;  the  two  compounds 
seem,  in  fact,  to  form  mixed  crystals  which  break  up  and  become 
opaque  when  heated  with  water  ;  this  behaviour  serves  as  a  useful 
indication  of  the  presence  of  the  fil-Balt  in  the  deposits. 
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Regeneration  of  Vie  aX-Salt, 

In  order  to  obtain  further  quantities  of  the  ^^isomeride,  and  also 
to  make  certain  that  this  substance  is  really  composed  of  ^-hydrind- 
amine  and  a  pure  c?-chloro-acid  identical  with  that  contained  in  the 
a^salt,  a  considerable  quantity  of  the  latter,  which  had  been  exhaus- 
tively crystallised  and  which  was  doubtless  free  from  ySMsomeride,  was 
decomposed  with  barium  hydroxide  solution ;  the  chloro  salt  was  then 
regenerated  from  the  base,  which  had  been  distilled  in  steam,  and  from 
the  acid  recovered  from  the  barium  salt. 

This  preparation,  when  fractionally  crystallised,  behaved  in  all 
respects  like  that  previously  examined,  and  the  optical  examination  of  a 
dried  sample  of  the  crude  yS^-isomeride  obtained  from  it  gave  the 
following  result : 

Substance.  Solvent.        Vol.  of  solution.         od.  [o]d. 

0-5  Chloroform  25  c.c.  +2*35°         +58-7° 


al-Hydrindamine  d-Chlorocamphorsulpkonate. 

In  appearance  and  in  its  behaviour  towards  solvents,  there  is  a  very 
close  resemblance  between  the  a^-salt  of  the  chloro-acid  and  that  of 
the  corresponding  derivative  of  the  bromo-acid. 

The  aZ-chloro-salt  crystallises  from  water  in  long,  slender,  anhydrous 
needles,  and  from  cold  aqueous  methyl  alcohol  in  well-defined,  com- 
pact prisms.  It  melts  at  118 — 120°  when  in  the  form  of  moderately 
large  crystals,  but  if  these  bo  crushed  to  a  tine  powder,  the  latter 
sinters  distinctly  at  about  115°;  as  a  rule,  the  large  crystals  melt 
completely  below  121°,  but  the  powder,  after  sintering,  solidifies  again, 
and  then  melts  fairly  sharply  at  195 — 196°  when  heated  quickly, 
without  any  appreciable  charring.  These  observations  seem  to  show 
that  the  salt  is  dimorphous,  and  that  the  ordinary  form  obtained 
from  solutions  is  unstable  at  temperatures  above  about  115°;  as  in 
the  case  of  the  corresponding  aZ-bromo-salt,  however,  it  is  difficult  to 
say  whether  or  not  this  behaviour  is  due  to  partial  loss  of  base. 

The  salt  is  very  readily  soluble  in  cold  chloroform  and  dissolves 
freely  in  cold  alcohol,  but  is  only  sparingly  soluble  in  cold  water. 

Its  specific  rotation  in  a  2  per  cent,  aqueous  solution  is  [ajo  +44*0°, 
and  in  chloroform  [a]u  +45*5°. 

pX-llydmulamine  d'ChlorocamphorsulphoncUe. 

The  two  preparations  of  crude  fil-saMt  obtained  as  already  described 
(p.  911  and  above),  were  mixed  and  repeatedly  crystallised  from  water 
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and  aqueous  methjl  alcohol  until  their  mother  liquors  gAve  homogeneout 
deposits ;  the  pure  compound  was  thus  obtained  in  long  needles. 
A  sample,  dried  at  100^,  gave  the  following  optical  values  : 

Sobttanc*.         Solrent  Vol.  ofBolotion.  cp.  [aju. 

0-5         Chloroform  25  c.c.  +2*42°         +605° 

,.  Water  „  2-30  57'5 

Further  crystallisation  was  not  considered  necessary,  as  the  salt 
reeembles  the  corresponding  /3/-bromo-compound  so  closely  that  its 
appearance  was  deemed  to  be  sufficient  evidence  of  its  purity. 

The  /SZ-chloro-salt  is  readily  soluble  in  methyl  alcohol,  from  which  it 
is  deposited  in  coarse,  ill-defined  prisms ;  it  seems  to  be  less  soluble 
in  hot  water  than  any  of  its  isomerides,  and  from  very  concentrated 
hot  solutions  it  crystallises  in  felted  masses  of  very  slender  needles ; 
it  dissolves  freely  in  cold  chloroform. 

Its  melting  point,  like  that  of  the  ^/-bromo-salt,  is  very  indefinite 
and  varies  greatly  with  the  size  of  the  crystals ;  the  coarse  prisms 
obtained  from  cold  solutions  in  methyl  alcohol  generally  melt  fairly 
sharply  and  completely  at  145 — 146°,  but  when  crushed  to  a  fine 
powder  the  same  preparation  melts  at  130 — 133°;  occasionally  the 
fused  mass  solidifies  again  when  left  in  the  hot  bath  and  melts  for  a 
second  time  at  about  232°,  but  these  indications  of  dimorphism  have 
not  been  very  closely  studied. 

The  author  desires  to  acknowledge  gratefully  the  receipt  of  a 
Government  Grant  from  the  Royal  Society,  with  the  aid  of  which  this 
investigation  has  been  carried  out. 

UKivERsmr  College, 

NOTTINOHAM. 


LXXXIX — a- A  mino-^-methylhydrindene. 

By  Frederic  Stanley  Kipping  and  George  Clarke,  A.LC. 

The  method  already  employed  with  such  success  for  the  synthesis  of 
the  cyclic  ketones,  a-hydrindone  (Kipping,  Trans.,  1894,  66,  680), 
a-ketotetrahydronaphthalene  (Kipping  and  Hill,  Trans.,  1899,75,  144), 
and  pheno-a-ketoheptamethylene  (Kipping  and  Hunter,  Trans.,  1901, 
79,  602),  from  the  chlorides  of  aliphatic  acids  containing  aromatic  sub- 
stituents  has  now  been  extended  to  the  preparation  of  substituted 
ketones,  and  in  the  present  paper  the  authors  describe  the  results  of 
experiments  on  the  intramolecular  condensation  of  benzylmethylacetic 
chloride  under  the  influence  of  aluminium  chloride. 
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The  P-methyl-a-hydrindonej  which  is  thus  produced, 

r'^-OHj-CHMe-COCl  /\ CHj       ^  „.,, 

CO 

contains  an  asymmetric  carbon  group,  and  consequently  the  synthetical 
compound  is  composed  of  equal  quantities  of  enantiomorphously 
related  components.  When,  therefore,  it  is  combined  with  hydroxyl- 
amine  and  the  resulting  oxime  reduced  to  the  base  P-methyl-a-hydnnd- 
amine  (a-amino-)S-methylhydrindene),  a  homologue  of  hydrindamine, 
the  product  will  contain  two  asymmetric  carbon  groups,  a  new  one 
having  been  formed  during  the  reduction  of  the  oximino-  to  the  amino- 
group, 

CH2<?J^^!>C:N0H        ^  CH,<^?^!>CH-NH,. 

From  theoretical  considerations,  then,  the  base  should  exist  in  four 
optically  active  modifications,  namely  : 

I.  11.  III.  IV. 

+  -  + 

+  -  -  + 

and  these  should  give  rise  to  two  different  externally  compensated 
compounds  formed  by  the  admixture  of  I  and  II,  and  of  III  and  IV 
respectively. 

When  combined  with  optically  inactive  acids,  the  synthetical  base 
should  therefore  give  two  series  of  salts,  and,  as  will  be  shown  later, 
two  hydrochlorides  are  in  fact  produced,  but  in  very  unequal 
xjuantities ;  this  formation  of  unequal  quantities  of  the  two  dl-h&ses  is, 
of  course,  wbat  might  have  been  expected,  inasmuch  as  the  synthesis 
of  the  second  asymmetric  carbon  group  occurs  in  a  compound  which  is 
already  enantiomorphous. 

The  principal  object  in  preparing  these  bases  was  to  study  their 
behaviour  with  optically  active  acids,  and  to  obtain,  if  possible, 
isomeric  partially  racemic  salts  corresponding  with  the  hydrindamine 
compounds  (Kipping,  Trans.,  1900,  77,  861);  as  one  of  the  authors 
was  unfortunately  unable  to  continue  the  work,  the  thorough  in- 
vestigation of  some  salts  of  the  two  bases  is  described  in  the  following 
paper. 

^Methyl-a-hydrindone  has  been  previously  prepared  by  von  Miller 
and  Rhode  (Ber.^  1890,  23,  1888)  by  heating  benzylmethylacetic  aoid 
with  concentrated  sulphuric  acid  at  150°;  this  method,  however,  was 
found  to  be  unsatisfactory,  as  the  yield  was  very  poor  compared  with 
that  obtained  with  the  aid  of  aluminium  chloride. 
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K  X  I*  K  U  I  U  F.  N  T  A  I*. 

Benzjlmethyiacotic  o^^d  is  conveniently  obtAined  from  benzylmethyl- 
malonio  acid  by  eHininatiDg  carbon  dioxide,  or  by  the  acid  hydrolysis 
of  ethyl  beniylmethylaoetoaceUte  ;  the  acid  boils  at  160—161^  under 
a  pressure  of  17  mm.,  and  solidifies  when  cooled  to  a  mass  of  colourless 
crystal^  melting  at  37^  as  stated  by  Oonrad  and  Hodgkinson  {Annalett, 
1878,  108,  312). 

BmiMylmBihylacUic  ehloridt  is  prepared  with  the  aid  of  phosphorus 
pentachloride  in  the  usual  manner,  a  vigorous  action  taking  place ;  it 
is  a  moderately  mobile  liquid,  fumes  slightly  on  exposure  to  the  air, 
and  has  a  particularly  disagreeable  and  penetrating  odour. 

Preparalion  of  fi'Methyl-a-hydriiidone. 

The  action  of  aluminium  chloride  on  benzylmetbylacetic  chloride 
and  the  amount  of  metbylhydrindone  produced  depend  entirely  on  the 
conditions  of  the  experiment.  The  action  is  not  so  vigorous  as  that 
which  occurs  in  the  preparation  of  hydrindone,  and,  probably  in 
consequence  of  this,  the  formation  of  tarry  matter  is  not  nearly  so 
great. 

In  the  first  experiments,  the  acid  chloride  was  dissolved  in  five  times 
its  volume  of  light  petroleum  (b.  p.  60 — 80°),  and  three  parts  of 
aluminium  chloride  employed  to  five  of  the  acid  chloride ;  no  evolution 
of  hydrogen  chloride  occurred,  however,  and  not  until  the  mixture  had 
been  heated  for  some  time  did  any  action  begin.  A  colourless,  crystalline 
compound,  non-volatile  in  steam,  was  then  formed,  but  as  this  sub- 
stance, doubtless  an  aluminium  compound,  was  not  decomposed,  giving 
the  ketone,  when  boiled  with  weak  alkalis,  it  was  not  further  in- 
vestigated. After  further  experiments,  the  following  were  found  to 
be  the  best  conditions  for  the  production  of  the  desired  ketone.  The 
acid  chloride  (10  grams),  dissolved  in  from  6 — 7  times  its  volume  of 
light  petroleum  (b.  p.  90 — 100°),  is  treated  with  finely  powdered 
aluminium  chloride  (10  grams),  aod  the  mixture  gradually  heated  on 
the  water-bath  until  the  petroleum  begins  to  boil,  the  flask  being 
vigorously  shaken  in  the  meanwhile.  At  the  end  of  fifteen  minutes, 
the  evolution  of  hydrogen  chloride,  which  has  previously  been  very 
vigorous,  begins  to  slacken,  and  in  about  twenty  minutes  the  reaction 
may  be  considered  to  be  complete.  After  cooling,  water  is  cautiously 
added,  and  the  light  petroleum  distilled  off  in  a  slow  current  of 
steam ;  the  ketone  is  then  distilled  in  steam,  the  distillate  rendered 
alkaline  with  sodium  carbonate,  and  the  ketone  extracted  with  ether. 
The  product  remaining  after  evaporating  the  ether  is  a  colourless  oil. 
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having  the  strong  odour  of  peppermint  mentioned  by  von  Miller  and 
Rhode ;  the  yield  is  70 — 80  per  cent,  of  the  theoretical. 

P-Methyla-hydrindoxime,  CH2<S?m  !>^-NOH. 

This  oxime  is  prepared  in  the  usual  manner,  the  ketone  being 
treated  with  hydroxylamine  hydrochloride  and  excess  of  caustic  potash 
in  aqueous  methyl-alcoholic  solution  ;  after  24  hours  at  the  ordinary 
temperature,  most  of  the  alcohol  is  evaporated  off  on  the  water-bath, 
and  the  mixture  is  poured  into  water,  when  the  oxime  separates  as  a 
red,  viscid  oil,  which  very  slowly  solidifies  to  a  hard  cake. 

The  crude  product,  crystallised  either  from  aqueous  methyl  alcohol 
or  light  petroleum,  is  thus  obtained  in  well-defined,  apparently  octa- 
hedral crystals  melting  at  about  104°;  it  is  readily  soluble  in  alcohol, 
ether,  and  chloroform,  but  only  sparingly  so  in  cold  light  petroleum, 
being  almost  insoluble  in  water  and  alkalis.  The  further  investiga- 
tion of  this  compound  showed  that  it  consisted  of  a  mixture  of 
isomerides  which,  however,  were  not  isolated ;  samples  of  the  material, 
roughly  purified  by  one  crystallisation,  were  employed  for  the  prepara- 
tion of  the  base. 

P-Methyl-a-hydrindaminef  CH2^_^  tt  I^CH'NHg* 

^-Methylhydrindoxime  is  readily  reduced  with  the  aid  of  sodium 
amalgam  and  aqueous  acetic  acid  ;  in  order  to  avoid  waste  of  amalgam, 
the  solution  should  be  kept  cool  and  stirred  continuously,  the  amalgam 
being  added  in  small  quantities  at  a  time.  When  only  a  slight  tur- 
bidity is  formed  on  the  addition  of  water,  the  solution  is  decanted, 
and  any  unchanged  oxime  distilled  off  in  a  current  of  steam  ;  the  base 
is  then  liberated  by  adding  excess  of  caustic  potash  and  the  steam 
distillation  continued. 

The  )8-methyl-a-hydrindamine  then  passes  over  as  a  colourless  oil, 
which  has  a  strong  odour  not  unlike  that  of  aniline  and  is  only 
sparingly  soluble  in  water ;  it  is  a  strong  base,  and  on  exposure  to  the 
air  it  is  converted  into  a  crystalline  substance  owing  to  absorption  of 
carbon  dioxide. 

The  Two  dl-P-Methyla-hydinndamines, 

As  pointed  out  above,  two  bases  should  be  formed  by  the  reduction 
of  the  oxime,  but  not  necessarily  in  equal  quantities.  It  was,  how- 
ever, a  matter  of  some  doubt  whether  the  difference  in  solubilities  of 
their  salts  with  optically  inactive  acids  would  be  such  as  to  render 
possible  a  separation  of  these  salts  by  fractional  crystallisation. 


KIPPINCJ   AND  CLARKE:  a-AllIK0-)9-MRTIITLnYnuiNDr.MR.     917 

With  tb«  view  of  ftscerUining  whether  or  not  this  was  the  case,  the 
mixture  of  basee  and  water  obtained  by  diBtillation  in  steam  was 
treated  with  hydrochloric  acid  and  the  resulting  product  systematically 
erystalUsed  from  water.  The  Brst  and  several  snccessiTe  deposits 
<wt>titl<d  of  long,  silky  needles,  which  were  apparently  homogeneous, 
but  subeequent  fractions  were  obviously  mixtures  and  contained,  in 
addition  te  the  long  needles,  small,  nodular  masses  of  smaller  and  ill- 
defined  crystaUi.  After  further  recrystallisation,  the  hydrochloride 
aeparating  in  long  needles  was  obtained  in  an  apparently  pure  con- 
iition  ;  it  had  not  a  definite  melting  point,  but  decomposed  at  about 
"'i»  \     Tiii^  (oinponnd  is  referred  to  as  the  hydrochloride  of  the  wi-base. 

r  ii\  ii   I  i.loride  crystallising  in  nodular  iiiassos,  which  is  referred  to 

ti  ,  -lit  of  the  //-base,  was   probably  only  obtained  in  an  impure 

uutiiuu  ;  it  decomposed  at  about  225°. 

Tke  Plaitntchlorides  oj  tJie  Two  dlBases, 

In  order  to  prove  that  the  hydrochlorides  just  described  are  derived 
froB  iapmeric  bases,  analyses  of  the  platinichlorides  were  made.  The 
pUomkAloride  prepared  from  the  hydrochioride  of  the  yl-base 
crystallised  from  water  in  lustrous,  yellow  plates  decomposing  at 
ibout  192**;  a  sample  which  had  been  crystallised  twice  from  water 
nd  air-dried  until  constant  in  weight  was  analysed,  with  the  follow- 
ing results  : 

0-3457  lofct  001 57  at  100°.    H,0  =  454. 
0-2461    „    00121  at  100°.    H,0  =  4-91. 
0-3284  anhydrous  salt  gave  0  0905  Pt.      Pt«27-55. 
(C,oH„N)pH,PtClj,2H,0  requires  HjO«4  81  ;  Pt- 27-68  per  cent. 

The />/a/in I c/i/ort(2e  prepared  from  the  hydrochloride  of  the  ^base 
was  rather  more  soluble  in  water  than  the  derivative  of  the  ^-base, 
and  separated  in  lustrous,  yellow  plates  decomposing  at  about  202°  ; 
the  air-dried  salt  did  not  lose  in  weight  when  heated  at  100°. 

0-4304  gave  0  1190  Pt.     Pt-  2764. 

(C,oH„N)^H,PtCle  requires  Pt-  27  68  per  cent. 

Tfii  Benzoyl  JJtritaiivtt  of  the  Two  dl-Basea, 

As  it  was  difficult  to  tell  whether  the  hydrochlorides  were  pure  or 
not,  that  is  to  say,  whether ^he  two  <//*bases  had  been  completely  or 
only  partially  separated,  the  benaoyl  derivatives  were  prepared  from 
samples  of  the  two  hydrochlorides  by  the  Schotten-Baumann  method. 
The  crude  products,  which  were  precipitated  in  the  form  of  colourless 
powders,  wete  purified  by  crystallisation  from  alcohol. 

VOL.    LXXXIII.  3    P 
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The  benzoyl  derivative  of  the  il-base  was  thus  obtained  in  long, 
silky  needles  melting  sharply  at.  169°,  and  its  melting  point  was  not 
changed  on  repeated  crystallisation  ;  it  was  only  sparingly  soluble  in 
cold  alcohol,  but  dissolved  freely  on  waiming. 

The  benzoyl  derivative  of  the  J5-base  crystallised  in  short  needles, 
and  was  apparently  much  more  readily  soluble  in  alcohol  than  the 
derivative  of  the  il-base  ;  it  began  to  melt  at  about  136°  and  liquefied 
completely  at  about  138°,  but  when  fractionally  crystallised  its  melt- 
ing point  did  not  remain  constant  and  it  was  doubtless  a  mixture  of 
the  two  isomerides.  Attempts  to  isolate  a  pure  compound  from 
this  mixture  were  not  successful,  but  the  above  experiments  seemed 
to  establish  the  existence  of  two  externally  compensated  methyl- 
hydrindamines. 

The  cost  of  part  of  the  materials  used  in  this  work  was  covered  by 
a  Government  Grant  from  the  Royal  Society,  for  which  the  authors 
desire  to  record  their  thanks. 

University  College, 

NOTTINaHAM. 


XC. — Isomeric  Partially  Racemic  Salts  Containing 
Quinquevalent  Nitrogen.  Part  XI.  Derivatives  oj 
dl-Methylhydriiidamine  and  dl-neo-Methylhydrind- 
amine.     Isomeric  Salts  of  the  Type  NRiRjHs. 

By  George  Tattersall,  B.Sc.,  and  Frederic  Stanley  Kipping. 

The  preliminary  examination  of  the  methylhydrindamine  which  is  pro- 
duced by  the  reduction  of  methylhydrindoxime  having  shown  that  this 
base  is  a  mixture  of  isomerides  (Kipping  and  Clarke,  this  vol.,  p.  917), 
the  next  step  was  to  separate  and  obtain  in  a  jure  condition  the  two 
structurally  identical,  externally  compensated  compounds  of  which, 
according  to  theory,  the  mixture  is  composed ;  it  would  then  be 
possible  to  proceed  further  and  to  study  the  p.irtially  racemic  salts  which, 
it  was  hoped,  would  be  obtained  either  from  one  or  both  of  the  bases,  and 
which  would  probably  be  of  the  same  interestiugcharacterasthose formed 
from  ^/-hydrindamine  (Kipping,  Trans.,  1900,  77,  861 ;  1901,  70,  430). 
The  first  attempts  to  separate  the  two  (//-bases  from  one  another  were 
only  partially  successful.  In  the  first  instance,  wishing  to  avoid  the 
use  of  an  optically  active  acid,  because  this  might  have  given 
lise  to  a  mixture  of  many  different  salts,  the  separation  of  which 
^ould  probably  be  a  matter  of  some  difficulty,  we  first  tried  fractional 
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crjsUlliHition  of  tho  liulphato,  beDioaie,  cinnamate,  picraU,  and  othor 
■dta  prepared  from  the  emde  basic  mixture ;  it  was  found,  however, 
that  none  of  these  salts  gave  a  more  satisfactory  result  than  that 
obtained  with  the  hydrochloride  (Kipping  and  Olarko.  toe.  rit.)  und 
the  experiments  were  therefore  abandoned. 

We  next  exrimined  the  salts  obtained  by  combimng  the  base  with 
various  optically  active  acids  and  in  the  end  succeeded  in  effecting  a 
complete  separation  of  the  two  (iZ-bases  with  the  aid  of  </  bromocamphor- 
sulphonic  acid.  Although,  as  will  be  shown  later,  this  acid  gives  rise 
to  at  least  six,  and  probably  eight  methylhydrindamine  bromocamphor- 
sulphonates,  yet  sybtematic  fractional  crystallisation,  combinod  with 
mechanical  sorting,  results  in  the  isolation  of  two  salts,  each  of  which 
has  the  outward  properties  of  a  distinct  and  single  substance.  One 
of  these  methylhydrindamine  bromocamphorsulphonates,  namely,  that 
which  is  present  in  the  much  larger  quantity,  crystallises  from  water  in 
hydrated,  somewhat  ill-defined,  prismatic  crystals,  but  is  deposited  from 
some  solvents  in  long,  well-formed,  transparent  prisms ;  the  other 
bromocamphorsulphonate  separates  from  water  and  dilute  alcohol  in 
magnificent,  broad,  transparent,  well-defined,  anhydrous  masses, 
totally  different  from  the  crystals  of  the  first  in  outward  character- 
istics. Each  of  these  salts  is  a  partially  racemic  compound ;  the 
fractional  crystallisation  of  the  original  mixture  does  not  result  in  a 
resolution  of  either  of  the  cZ/- bases,  but  merely  gives  a  separation  of 
the  two  externally  compensated  compounds  ;  the  optically  active  acid, 
therefore,  plays  the  part  of  an  optically  inactive  acid,  but  is  more  effec- 
tive since  with  its  aid  each  of  the  dl-bfkses  is  freed  from  its  isomeride. 

The  fact  that  each  of  the  two  bromocamphorsulphonates  is  partially 
racemic  is  established  in  various  ways ;  when  decomposed,  they  both 
give  bases  which  ai*e  optically  inactive  ;  the  base  from  the  one  gives 
with  optically  inactive  compounds  derivatives  which  are  different 
from  those  of  the  base  from  the  other  bromocamphorsulphonate, 
showing  that  the  two  bases  are  not  enantiomorphously  related. 

Before  proceeding  further,  it  will  be  advisable  to  distinguish  between 
these  two  externally  compensated  bases,  and  we  propose  to  do  so  by 
naming  one  ^methyla-hydrindamine,  the  other  7i«o-/3-methyl-a- 
hydrindamine ;  the  letters  a  and  fi  have,  of  course,  a  structural 
significance  and  refer  to  the  positions  of  the  amino-  and  methyl- 
groups  respectively  in  the  hydrindamine  ring ;  they  will  not  be  used 
again,  except  when  necessary  in  order  to  avoid  confusion.  The  term 
is  employed  in  defauU  of  a  better  one,  because  it  has  already 
been  used  by  Forster  in  the  case  of  the  two  bornylamines  (Trana, 
1898,  63,  391),  the  reUtionship  between  which  is  exactly  comparable 
[with  that  between  the  two  methyl  hyd  ri  ndamines ;  as  there  is  no 
ivailable  means  of  deciding  which  of  the  methylhydrindamines  corre- 

3  F  2 
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sponds  with  bornylamine  and  which  with  Ti^o-bornylamine,  we  apply 
this  pretix  to  that  (//-base  which  is  produced  ia  the  smaller  proportiou. 
The  original  mixture  consists,  therefore,  of 

(  fZ-methylhydrindamine  (/-7i€0-methylhydriudamine  ) 

(  /-methylhydrindamine  /-7ieo-methylhydrindamine  j 

The  two  bases,  f£/-methylhydrindamine  and  n«o-c//-methylhydrind- 
amiue  show,  as  was  only  to  be  expected,  a  great  similarity  in  ordinary 
chemical  behaviour  and  also  resemble  (//-hydrindamine  very  closely ; 
they  have  been  sufficiently  characterised  by  an  examination  of  their 
hydrochlorides,  sulphates,  picrates,  and  benzoyl  derivatives,  the  pro- 
perties of  which  are  summarised  in  the  following  table. 

rf/-Methylhydrindamine.     rfZ-^iw-Methylhydrindamine. 

Hvdrochloiiile  /Needles;  beginning  to  charWNeedles  ;     beginning    to 

Myurocnionue    |  about  230°.  ){        char  about  235^ 

Q  ,  ,    ,  /Long  needles  ;  melting  and)  f  Plates;  melting  and  de- 

^"'1*"*'^^ \  decomposing  at  233—235°.  J\  composing  at  about  220". 

p.      .  /Yellowprisms;  decomposing)  J  Yellow    prisms;     deconi- 

^**^™^° \  at  about  230'.  Jy     posing  at  195— 1^6\ 

Benzoyl  derivative     Needles;  m.  p.  151°.  Needles;  m.  p.  169\ 

Bromocamphursulplionate ( Rl^o'"l>oiJ^l^  P^-j^n^^  ;  ni.  p.  j| Urge,  broad  prisma; '"•  P. 

It  may  perhaps  be  mentioned  that  in  attempting  the  separation  of 
the  two  (//-bases  by  the  fractional  crystallisation  of  their  sulphates  a 
normal  salt  was  obtained  in  large,  well-defined,  tabular  crystals  of 
considerable  size.  It  was  thought  at  first  that  this  salt  was  a  pure 
derivative  of  one  of  the  c//-bases  only,  as  it  did  not  change  its 
characteristic  appearance  when  fractionally  crystallised  from  water. 
It  was  nevertheless  a  mixture  of  the  sulphates  of  d/-methylhydrind- 
amine  and  of  c?/-7ieo-methylhydrindamine,  and  therefore  possibly 
consisted  of  four  components,  in  spite  of  its  apparent  homogeneity ; 
this  fact  is  noteworthy,  and  indicates  the  existence  of  a  type  of 
compound  which  may  be  classed  as  doubly  ra:etniCf  since  it  may  be 
regarded  as  composed  of  two  pairs  of  onantiomorphously  related 
substances ;  in  dome  respects,  this  complex  sulphate  may  be  regarded 
aa  analogous  to  the  /3-modification  of  hydrindamine  bromocamphor- 
Bulphonate,  but  in  the  case  of  the  latter,  no  two  of  the  components 
are  onantiomorphously  related.  The  composition  of  the  sulphate  may 
be  represented  thus  : 

c/-Methylhvdrindamino\|.  q^  (/-/K-.i-methylhydrindaniinc)  |,  q« 

/•Methylhydrindamine/"*^^*     ^      /./uu  methylhydriudamine/  "«^"* 


or 


({•methylhydrindtmine       ^  u  qq        .      /•methylhydrindaniino       \  .|  «^^ 
d-iu»  methylhydrindaminoj    «^   *     "*"     /-iMo*metkylhydiindamiiie)     *      ^ 

Having    prepared    considerable    quantities    o£    the    brumocampl 
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Kul|>hon«te  of  methylhydriniUniine  and  of  iMomelhylhydrindiiinine  in 
a  puro  condition,  we  entered  on  the  most  important  stage  of  thiM 
DTrttigation,  namely,  the  examination  of  these  and  other  salts  of  the 
bates,  in  order  to  aacertain  whether  they  existed  in  isomeric  forms. 
The  first  quetttion  to  fettle  was  whether  either  of  the  bases  ^ve  rise 
to  isomeric  partially  racemic  salts  analogous  to  those  obtained  from 
bydrindamioe.  This  question  could  hardly  be  answered  with  certainty 
by  exirmining  the  mixture  of  salt^t  left  in  the  mother  liquors  after 
separating  the  two  bromocarophorsulphonates,  but  was  esKily  settled 
in  the  following  manner.  Pure  methylhydrindamine  bromocamphor- 
sulpbonate  was  decompos^ed  with  barium  hydroxide  and  the  liberated 
base  neutralised  with  bromocamphorsulphonic  acid ;  the  product  was 
identical  with  the  original  salt  in  all  ordinary  properties,  and  could 
not  be  resolved  into  appreciably  different  fractions  by  crystallipation. 
A  similar  experiment,  made  with  pure  n«o*methylhydrindamine 
bromosamphorsulphonate,  gave  similar  results ;  the  regenerated  salt 
was  apparently  identical  with  the  original  one,  and  owing  to  the  well- 
defined  character  of  this  compound  the  presence  of  isomerides  could 
not  be  easily  overlooked. 

Now,  since  the  regeneration  of  either  of  the  partially  racemic 
hydriodamine  bromocamphorsulphonates  or  chlorocamphorsulphonates 
invariably  results  in  the  formation  of  two  salts  (a  and  fi),  we  conclude 
that  methylhydrindamine  and  7}<*o-methy1hydrindamine  do  not  give 
isomeric  partially  racemic  compounds  with  the  bromocamphorsul- 
phonic  acid. 

The  resolution  of  the  partially  racemic  salts  was  then  attempted  ; 
crystal lii-ation  from  water,  dilute  alcohol,  <kc.,  having  been  found  to 
be  useless;  the  salts  were  treated  with  boiling  ethyl  acetate  under 
conditions  similar  to  those  employed  in  the  case  of  the  hydrindamine 
compound**.  The  neomethylhydrindamine  salt  was  very  refractory, 
.and  np  to  the  present  we  have  failed  to  resolve  it ;  the  methylhydrind- 
amine salt,  however,  afforded  two  components,  the  one  separating 
from  the  hot  solution,  the  other  remaining  in  the  mother  liquors  ;  as 
in  the  case  of  the  hydrindamine  salts,  the  resolution  is  very  incom- 
plete, and  the  isolation  of  that  component  which  remains  in  the 
solution  is  a  somewhat  troublesome  process.  These  two  components 
of  the  partially  racemic  methylhydrindamine  bromocamphorsulphonate 
are  remarkably  similar  in  ordinary  propertiea;  they  feparate  from 
water  in  slender  prisms,  are  indistinguishable  by  inspection,  and  have 
only  slightly  different  melting  points,  the  one  liquefying  at  aboat 
230°,  the  other  at  about  219**. 

The  former  is  the  one  which  separates  from  the  hot  ethyl  acetate 
solution ;    it   is  a   salt   of   the   ^base,   and   is   therefore   termed  the 
mponent.     Its  molecular  rotation  is  aboat  [M]d  -1-209°  in  dilute 
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aqueous  solution,  so  that  the  molecular  rotation  of  the  basic  ion  should 
be  about  [M]d  -61°;  a  solution  of  the  free  base  in  aqueous  alcohol 
shows  a  IfiBvorotation. 

The  latter  (m.  p.  249°)  is  a  salt  of  the  ennntiomorphously  related 
(/-methylhydrindamine,  and  is  referred  to  as  the  cZ-component ;  its 
molecular  rotation  in  dilute  aqueous  solution  is  [MJi^  +326°,  that  of 
the  basic  ion,  therefore,  should  be  [  M  ]d  +  56° ;  the  free  base  is  dextro- 
rotatory in  aqueous  alcoholic  solution. 

So  far,  the  examination  of  the  partially  racemic  methylhydrindamine 
bromocamphorsulphonate  failed  to  show  any  analogy  with  the  hydrind- 
amine  salts ;  the  ^-base  formed  but  one  partially  racemic  salt,  and 
this  appeared  to  consist  of  two  components  only ;  in  fact,  the  base 
apparently  behaved  in  a  perfectly  normal  manner. 

Further  investigation  showed,  however,  that  each  of  the  components 
(m.  p.  230°  and  249°  respectively)  of  the  partially  racemic  salt  is  itself 
a  mixture  of  two  isomerides ;  consequently,  the  partially  racemic 
methylhydrindamine  bromocamphorsulphonate,  although  an  apparently 
homogeneous  substance,  is,  in  reality,  a  mixture  of  four  different 
substances,  just  as  is  the  partially  racemic  )8-salt  of  hydrindamine  and 
rf-bromocamphorsulphonic  acid.  It  belongs,  therefore,  to  the  class  of 
'partially  di-racemic  salts.  Unfortunately,  we  have  not  been  able  to 
obtain  all  these  isomerides  in  a  state  of  purity,  but  we  believe  we  have 
isolated  two  of  them,  ad  and  ad,  and  have  conclusively  established  the 
existence  of  two  others,  fid  and  /3/,  in  the  following  manner.  The 
Z-component  (m.  p.  230°),  when  systematically  crystallised  from  water, 
is  very  slowly  separated  into  fractions  differing  slightly  in  melting 
point  and  in  specific  rotation.  After  some  thirty  or  forty  crystal- 
lisations, the  first  or  most  sparingly  soluble  fraction  melts  at  236°  and 
gives  [a]n  +  47°  in  water  or  [Mju  216—217°.  The  original  i!-com- 
ponent  (m.  p.  230°),  therefore,  is  not  homogeneous.  This  fact  cannot 
be  explained  by  assuming  the  presence  of  H«o-methylhydrindamine 
bromocamphorsulphonate  or  that  of  the  partially  racemic  methyl- 
hydrindamine bromocamphorsulphonate,  firstly,  because  these  two  salts 
differ  widely  from  the  ^component  in  crystalline  form  and  solubility, 
and  secondly,  because  they  have  both  a  higher  specific  rotatory  power 
than  the  /-component,  and  their  removal  would  therefore  loto&r  and 
not  raise  the  specific  rotation  of  the  latter.  The  presence  of  any 
ordinary  impurity  in  the  original  /-component  meltiag  at  230°  is 
absolutely  out  of  the  question,  considering  the  manner  in  which  this 
salt  is  prepared.  All  doubt,  however,  as  to  the  real  nature  of  this 
/-component  is  easily  removed  by  a  crucial  experiment;  if  the 
/•component  of  methylhydrindamine  bromocamphorsulphonate  consists 
of  isomeric  a/-  and  ^/-salts  corresponding  with  those  of  hydrindamine, 
then  either  of  these  salts  when  decomposed  and  regenerated  should 
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gire  riae  to  a  mixture  of  the  two  ieomeridee.     This  wai  proved  to  be 


A  Urge  qua|)Uty  of  the  /-eompoDeot,  obtained  by  resolving  the 
l^artiiUlj  rAoemic  tstdi,  was  repeatedly  crystallised  from  water,  and 
thiM  resolved  into  a  large  number  of  fractions,  the  melting  points  of 
whieh  fell  gradually  from  SSe"*  to  about  230"".  The  lower  fractions,  in 
which  careful  examination  failed  to  detect  any  impurity,  were  placed 
aside,  aad  crystallisation  continued  until  the  melting  point  of  the  salt 
did  noi  ehange.  The  sample  of  /-component  thus  obtained,  which  had 
probably  been  crystallised  some  twenty  times  and  which  melted  at 
2S6^,  was  then  decomposed  and  regenerated  from  the  aattie  acid  and 
the  soMS  base;  the  product  melted  indefinitely  at  230— 234^  and 
proved  to  be  a  mixturo  like  the  original  /-component  obtained  by  the 
resolution  of  the  partially  racemic  salt ;  when  systematically  crystal- 
lised from  water  and  separated  into  about  eight  fraction.^,  the  first 
(spariogly  soluble)  and  the  last  (readily  soluble)  were  different  in 
melting  point  and  specific  rotation,  as  shown  by  the  following  data ; 

M.  p. 
First  236°         [ajo  +47° 

Last         about  230°         [a]o  +44°. 

These  results  prove  conclusively  that  the  /-methylhydrindamine 
gives  rise  to  isomeric  al-  and  fil-ea,\ts  when  it  is  combined  with 
bromooamphorsul phonic  acid,  just  as  does  /-hydrindamine. 

The  examination  of  the  c/component  of  the  partially  racemic 
methylhydrindamine  bromocamphorsulphonate  was  carried  out  in  an 
exactly  similar  manner,  and  the  results  were  in  full  accordance  with 
those  just  described ;  the  original  ^/-component  is  a  mixture,  and  is 
resolved  into  different  fractions  by  repeated  crystallisation  from  water ; 
when,  moreover,  a  given  sample  of  this  salt  which  has  been  repeatedly 
crystallised  is  decomposed  and  regenerated,  it  is  no  longer  a  homo- 
geneoos  sabstance,  but  a  mixture  of  the  ad-  and  ^c/-isomeride9. 

If  any  further  evidence  of  the  existence  of  these  four  isomerides  is 
required,  it  is  afforded  by  the  following  fact :  when  a  sample  of  the 
moet  sparingly  soluble  fraction  of  the  regenerated  /-component  is  mixed 
with  an  equal  quantity  of  the  most  sparingly  soluble  fraction  of  the 
(/-component,  and  the  mixture  crystallised  from  water,  the  partially 
racemic  salt  which  is  obtained  differs  in  a  marked  manner  from  that 
which  affords  the  original  d-  and  /-components,  as  shown  below  : 

Crystalline  form.  M.  p.       [ajo  in  water. 

Original  partially  racemic 

salt Ithomboidal  prisms  160 — 165**       +51° 

Synthetical  partially 

racemic  salt   Long,  rectangular  206°  +60° 

prisms 
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Thie,  of  course,  must  be  the  case ;  the  original  salt  is  composed  of  four, 
the  synthetical  salt  of  only  two  isomerides.  The  partially  racemic 
raethylhydrindamine  bromocamphorsulphonate,  therefore,  correspands 
very  closely  with  the  partially  racemic  )8-modifi cation  of  hydrindamine 
bromocamphorsulphonate  and,  like  the  latter,  contains  four  isomerides, 
which  may  be  distinguished  as  the  ad-,  al-,  pi-,  and  pi-s&hs  respec- 
tively ;  of  these,  we  have  obtained  two,  namely,  the  ad-  and  oZ-forms, 
in  a  pure  condition,  but  have  been  unable  to  isolate  the  two  y3-modi- 
fications,  because  they  form  mixed  crystals  with  the  corresponding 
a-forms.  The  behaviour  of  the  mixture  of  the  al-  and  ^^-salts,  as  well 
as  that  of  the  ad-  and  ySi-isomerides,  is,  in  fact,  exactly  analogous  to 
that  of  the  mixture  of  the  ad-  and  yScZ-hydrindamine  bromocaraphor- 
sulphonates.  That  the  ^- forms  exist  in  the  regenerated  salts  we  are 
quite  convinced,  and  we  believe  the  experimental  evidence  on  this 
point  to  be  conclusive ;  it  is  extremely  probable,  nevertheless,  that  the 
occurrence  of  such  isomerides  would  have  passed  undetected  had  it  not 
been  for  the  knowledge  gained  in  the  examination  of  the  hydrindamine 
salts. 

The  analogy  between  the  partially  racemic  /8-salts  of  methyl- 
hydrindamine  and  of  hydrindamine  is  further  shown  by  an  examina- 
tion of  their  optical  properties.  The  salt  of  methylhydrindamine  has 
a  molecular  rotation  [M]d  +236°,  that  of  hydrindamine  a  molecular 
rotation  [MJu  +  220°,  whereas  the  theoretical  molecular  rotation  is 
[M]d  +270°  in  both  cases.  These  values  for  the  salt,  however,  are 
the  mean  proportional  values  of  four  components,  and  as  shown 
already  the  fid-  and  pi-iorms  of  hydrindamine  bromocamphor- 
sulphonate have  abnormally  low  molecular  rotations,  namely,  less 
than  [a]o  +50°  and  +39°  respectively,  whilst  the  ad-  and  a^-forms 
both  give  [M]d  +270°  approximately.  Now  in  the  case  of  the 
methylhydrindamine  salts,  the  ad-  and  aZ-modifications  give  [M]d  +  216° 
and  +336°  respectively,  so  that  as  the  basic  ion  has  a  molecular 
rotation  of  [M]d  +56°,  the  values  may  be  regarded  as  normal; 
the  crude  samples  of  fid-  and  /31-,  however,  give  [Mj^  +  203°,  and 
[M]i>  +314°  respectively,  and  as  these  samples  probably  contain 
relatively  small  quantities  of  the  fi  components,  it  may  be  inferred 
that  the  latter  have  much  lower  molecular  rotations  than  the 
calculated  values. 

Experimental. 

Previous  experiments  (Kipping  and  Clarke,  this  vol.,  p.  917) 
baviE\|;  shown  that  only  one  of  the  <//-methylhydrindamincs  in  the 
basic  mixture  (resulting  from  the  reduction  of  methylhydrindoziiue) 
could  be  isolated  in  a  pure  state  even  by  a  long  continued  fractional 
crystallisation   of    the   hydrochlorides,    we    prepared    the   benioates, 
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cinnaiDAteii,  and  picratcs  in  order  to  try  and  obtain  a  better  method 
of  separating  the  two  bam.  All  tbeee  salta,  however,  proved  to  be 
unsuitable ;  the  two  bentoatea  orjstallised  together,  as  did  also  the 
picrateft,  whilst  the  cinnamates  underwent  hydrolytio  dissociation. 

The  normal  »tUpkaU  prepared  from  the  basic  mixture  was  frac- 
tionally crystallised  from  water,  but  all  the  deposits  had  the  same 
form  consisting  of  large,  tabular  crystals  and  were  transparent.  The 
temperature  of  fusion  and  decomposition  of  all  the  fractions  were  also 
identical  and  had  the  value  198 — 205^.  It  seems,  therefore,  that  tho 
sulphate  contains  both  racemic  base.«,  and  is  a  doubly  racemic  salt  of 
the  nature  already  indicated  (p.  920).  That  separation  of  the  racemic 
bases  is  not  effected  by  this  means  is  further  shown  by  comparing 
the  decompoeing  point  and  crystalline  form  of  this  salt  with  those 
of  the  sulphates  of  the  separate  bases.  The  latter  decompose  at 
'J33 — 235^  and  220^,  and  crystallise  in  needles  and  hexagonal  plates 
respectively. 

Bntmoeamphor8vdi^ionaU$  of  Uie  ^X-MeUiylhydrindamines, 

After  failing  to  find  a  suitable  optically  inactive  acid  for  our  pur- 
pose, we  prepared  the  (f-bromocamphorsulphonates  by  adding  the  acid 
to  the  base  suspended  io  water  until  the  solution  was  just  acid.  On 
evaporating  and  cooling,  the  solution  became  milky  and  an  oil  separated 
which,  after  vigorous  stirring,  slowly  crystallised.  The  mother 
liquors  were  then  concentrated  and  the  whole  salt  obtained  in  succes- 
sive fractions.  Careful  crystallisation  of  each  of  these  fractions,  using 
water,  dilute  alcohol,  and  almost  pure  alcohol,  revealed  the  presence  of 
two  salts,  one  of  which  was  easily  isolated,  whilst  the  other  was  only 
separated  with  some  difficulty.  Systematic  fractional  crystallisation 
aaving  been  found  to  give  unsatisfactory  results,  the  mixed  salts 
which  remain  after  separating  the  principal  component  were  dissolved 
in  alcohol  and  a  little  water  added  (about  2 — 3  per  cent.),  the  amount 
of  solvent  being  sufficient  to  prevent  separation  of  the  salt  on  cooling. 
*  >Q  allowing  the  solution  to  evaporate  spontaneously,  the  two  salts  are 
>l)tained  in  different  forms,  and  can  bo  separated  mechanically,  one 
being  deposited  in  opaque  or  translucent  needles  (generally  in  clusters) 
and  the  other  in  transparent  prisma.  It  was  also  found  that  a  pre- 
liminary separation  of  the  bases,  with  the  aid  of  their  hydrochlorides, 
I  is  advisable,  and  that  the  hydrochloride  which  is  obtained  in  the  least 
soluble  portions  (which  should  be  about  one-third  or  one-fourth  of  the 
whole)  gives  almost  entirely  the  bromocamphorsulphonate  which  is 
found  in  the  mother  liquors  and  which  crystallises  from  strong  alcohol 
in  transparent  prisms. 
I 
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d X'Methylhydrindamine  Bromocamphorsu IphonciUy 
C,oHi3N,CioHi,OBr.S03H.H20. 

This  salt,  which  separates  first  from  a  sohition  of  the  mixture  of 
bromocamphorsulphonates,  and  which  is  present  in  by  far  the  larger 
proportion,  we  have  called  the  salt  of  methylhydrindamine.  It 
separates  from  an  aqueous  solution,  if  the  latter  is  more  than  slightly 
supersaturated  in  an  oily  condition,  but  from  aqueous  alcohol  it  is 
obtained  in  hydrated  rhomboidal  prisms,  which  are  often  transparent. 
When  crystallised  from  strong  ethyl  alcohol,  in  which  the  salt  is 
readily  soluble,  it  is  obtained  in  opaque  tufts  of  needles.  It  is 
moderately  soluble  in  hot  ethyl  acetate  and  also  in  acetone,  from 
which  it  separates  in  transparent,  rectangular  prisms.  The  melting 
point  of  this  salt  is  very  indefinite,  and  varies  with  the  solvent  from 
which  it  is  crystallised.  The  hydrated  crystals  obtained  from  water 
melt  at  97°,  but,  if  dried  previously,  at  160 — 165°.  A  sample,  crystal- 
lised from  alcohol  and  ethyl  acetate,  melted  from  165 — 170°.  The 
highest  melting  point  ever  obtained  was  with  the  crystals  from  acetone, 
which  melted  at  171 — 173°.  From  ethyl  acetate,  a  value  as  low  as 
155 — 160°  was  obtained.  In  spite  of  these  variations  in  melting 
point,  which  are  possibly  due  to  decomposition,  the  salt  has  the 
appearance  of  a  homogeneous  substance. 

A  sample  of  the  salt  crystallised  from  dilute  alcohol  and  dried  in 
the  air  until  constant  in  weight  was  dehydrated  at  100°: 

M724  lost  0-0427;  H20  =  3-64:  1*5190  lost  00560;  H,0  =  3-68. 
CioHigNjCioHi^OBr-SOaHjHgO  requires  H20  =  3-7  per  cent. 

Specific  and  Molecular  Rotations   of    d\-Methylhi/dHndamine    Bromo- 
camphor 8ulphonate, 

The  8peci6c  rotation  of  this  salt  was  determined  with  different  gamples 
dried  at  100°.* 


Wt.  of  salt. 

Solvent. 

Vol.  of  solution. 

«D. 

[«]o. 

[M]o. 

0-4274 

Water 

26  C.C. 

+  1-76° 

+  51-5° 

+  235-3° 

0-3856 

;t 

25   „ 

1-60 

51-8 

236-7 

0-4143 

>> 

25   ., 

1-72 

51*9 

2371 

0-6555 

Chloroform 

20   „ 

2-45 

441 

201-9 

0-6466 

f» 

20   „ 

2'41 

441 

201-9 

The  values  obtained  in  aqueous  solution  seem  to  show  that  the 
salt  contains  an  optically  active  base  having  a  molecular  rotation  of 

*  A  200  mm.  tubo  was  used  in  all  the  polarimetrio  determinations  indicated  in 
this  communication. 
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About  [M]|,  -35^,  becMMiso  the  molecular  rotation  of  the  acid  U 
[U]^  +270*>. 

A  portion  of  the  salt  waa  therefore  deoomposed  with  barium  hydr- 
oxide and  distilled  in  steam,  the  first  portions  of  the  distillate  collected, 
a  UtUo  alcohol  added  to  dissolve  the  base,  and  the  solution  examined  in 
the  polarimeter.  No  appreciable  rotation  could  be  detected.  Further,  a 
eolation  of  the  hydrochloride  of  this  base  waa  also  optically  inactive. 
These  results  seem  to  be  in  direct  conflict  with  those  obtained  in  the 
examination  of  the  bromccamphorsulphonate,  but  as  we  shall  show  later 
there  really  is  no  doubt  that  the  salt  is  a  partially  racemic  compound 
and  contains  equal  or  approximately  equal  quantities  of  the  salts  of 
he  d'  and  /-basee.  The  homogeneous  nature  of  the  base  contained  in 
this  partially  racemic  salt,  or  rather  its  freedom  from  7)«o-methyl- 
hydrindamine,  is  proved  by  the  following  experiment. 

The  pure  salt  was  shaken  up  with  benzoyl  chloride  and  caustic 
potash,  and  the  resulting  benzoyl  derivative  separated  and  washed. 
The  crude  product,  when  dried,  melted  at  150 — 151°,  and  after  several 
recrystallisations  from  alcohol,  its  melting  point  was  still  151°.  The 
sabstance  had  further  all  the  characteristics  of  a  pure  compound  and 
crystallised  in  well-defined  needles.  It  was  practically  insoluble  in 
water,  ether,  and  light  petroleum,  but  moderately  soluble  iu  warm 
alcohol  and  benzene ;  it  readily  dissolved  in  acetone,  chloroform,  and 
hot  ethyl  acetate. 

Sails  of  d\-Meiht/lhi/drindamins, 

Having  obtained  the  (i/-methylhydrindamine  quite  free  from  the 
^omeric  <i^neo-base,  the  following  salts  were  prepared  : 

Tbe  hydrochloride  which  crystallises  in  long,  opaque,  shining,  needles 
and  decomposes  from  230°  onwards. 

The  normal  ndphaU  crystallises  from  water  in  long  needles  ;  it  is 
sparingly  soluble  in  aqueous  alcohol  and  crystallises  from  this  solvent 
in  rhomboidal  plates,  decomposing  at  233 — 235°. 

The  picrate^  prepared  by  adding  a  solution  of  potassium  picrate  to  a 
solution  of  either  the  sulphate  or  hydrochloride,  is  sparingly  soluble  in 
water  and  crystallises  from  alcohol  in  yellow,  almost  rectangular  plates. 
It  chars  from  220°  onwards  and  melts  at  230°. 


di'ik'OO'Methylhydrindamina  BromoeamphornUphonale. 

The  separation  of  this  salt  in  a  pure  condition  has  been  described 

[ebove.     From  strong  alcohol,  it  is  obtained  in  transparent  prisms,  one 

of  which  is  at  right  angles  to  the  edges  of  the  prism,  whilst  the 

is  oblique.     From  water,  crystals  of  the  same  shape  are  ob- 
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tained,  but  being  in  masses  of  small  crystals  are  not  generally  trans- 
parent. The  crystals  are  anhydrous  and  melt  at  194^.  The  salt  is 
readily  soluble  in  hot  water,  alcohol,  chloroform,  and  acetone,  but 
practically  insoluble  in  ether,  light  petroleum,  and  benzene. 


Specific  and  Molectdar  Jlotations  of  (W-neo- Methylhydrindamine  Bromo- 

ca  j)ip/i  orsidph  onate. 

The   following   determinations  were  made    with  different  samples 
dried  at  100°: 


Wt.  of  salt. 

Solvent.       Vol 

.  of  solution. 

Od. 

[«]o. 

CM].. 

0-4763 

Water 

25  c.c. 

+  2-24° 

+  58-8° 

+  269-3^ 

0-4890 

>> 

25   „ 

2-30 

58-8 

269-3 

0-4936 

j> 

25   „ 

2-34 

59  3 

2711 

0-6219 

Chloroform 

20    „ 

310 

49-8 

228  0 

0-6562 

>» 

20    „ 

3-30 

50-3 

230-3 

1-1836 

Methyl  alcohol 

25    „ 

6-83 

72-3 

3311 

The  values  of  the  molecular  rotation  of  the  salt  in  dilute  aqueous 
solution  seem  to  show  that  it  is  a  partially  racemic  compound.  To 
verify  this,  a  portion  of  the  salt  was  decomposed  with  barium  hydr- 
oxide, and  distilled  in  steam  ;  the  ba.se  which  distilled  over  was  dissolved 
by  adding  alcohol,  and  examined  in  the  polarimeter;  it  proved  to  be 
optically  inactive.  The  hydrochloride  of  the  base  was  also  prepared  ; 
on  examination  in  the  polarimoter,  it  was  found  to  be  optically  inactive. 

From  these  results,  it  may  be  concluded  that  the  weo-methylhydrind- 
amine  bromocamphorsulphonate  is  a  partially  racemic  compound. 
Evidence  of  the  homogeneous  nature  of  the  rWrwo-base  in  the  bromo- 
camphorsulphonate was  obtained  from  an  examination  of  the  benzoyl 
derivative  prepared  by  the  Schotten-Baumann  method.  The  crude 
substance,  when  washed  and  dried,  melted  at  168°,  and  recrystallisation 
failed  to  raise  its  melting  point  above  169°.  From  alcohol,  it  crys- 
tallises in  glistening  needles.  It  is  insoluble  in  water,  ether,  and 
ligroin,  and  only  moderately  soluble  in  warm  alcohol,  warm  benzene, 
warm  acetone  and  cold  ethyl  acetate,  but  readily  so  in  chloroform. 


Derivatives  of  dl-neo-Melht/lhf/driiidamine. 

The  hydrochloride  is  similar  to  that  of  the  isomeric  base,  but  much 
less  soluble.  It  crystallises  from  water  in  shining  neodlos,  and  does 
not  melt,  but  decomposes  from  235°  onwards. 

The  normal  sulphate  crystallises  from  water  in  transparent,  irregular, 
hexagonal  plates ;  its  melting  and  decomposing  point  is  about  220°. 


J 
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The  picraU  preparwi  by  precipitation  is  very  spariDgly  soluble  in 
water  and  cryhtallisee  from  alcohol  in  yellow  plates,  which  may  ap- 
proach the  form  of  needles ;  it  melts  at  195—106^. 


Re9oluiioH  of  AX'MeihylhydrindnminB  d-Bromocavtp/tonuljJiouaU. 

It  seemed  at  first  that  the  resolution  of  the  c^-methylhydrindamine 
into  its  enantiomorphously  related  components  by  using  <Z-bromocam- 
phorsulphonic  acid  would  be  impossible,  since  a  very  exhaustive  process 
of  fractional  crystallisation  is  required  in  order  to  separate  this 
paKially  racemic  salt  from  the  corresponding  salt  of  d/-nco-methyl- 
hydrindamine.  Subsequent  investigation,  however,  showed  that  this 
salt,  like  the  hydrindamioe  compounds,  possessed  a  transition  tem{)era- 
tare  somewhere  between  30°  and  70°,  and  that  suitable  treatment  led 
to  its  reaolatioD.  To  bring  this  about  the  salt,  which  has  been 
rendered  anhydrous  by  heating  at  100^,  is  dissolved  in  absolute 
alcohol,  and  the  solution  concentrated  until  it  becomes  syrupy.  A 
small  quantity  of  hot  ethyl  acetate  is  then  added,  and  the  mixture 
well  stirred  ;  about  8  c.c.  of  the  solvent  are  sufficient  for  20  grams 
of  salt.  In  a  short  time,  a  precipitate  begins  to  form,  and  when 
about  1/lOth  to  l/5th  of  the  salt  has  separated,  the  solution  is  quickly 
filtered  through  a  heated  funnel.  It  is  generally  necessary  and  alwaya 
advantageous  to  treat  the  precipitate  ouce  more  in  the  same  way  as 
the  original  substance,  but  the  second  filtrate  should  be  kept  separate 
from  the  first  one. 

The  salt  thus  precipitated  is  that  of  the  /-base ;  it  is  easily  freed 
from  partially  racemic  salt  by  crystallisation  from  water. 

The  ethyl  acetate  mother  liquors  may  deposit  needles  of  the  /-com- 
ponent, or  of  the  (/-component,  or  thin  prisms  of  the  partially  racemic 
^It,  according  to  the  proportion  of  the  /-component  which  has  already 

en  separated,  so  that  it  ojcasionally  happens  that  the  deposits  from 

'  le  first  and  second  filtrates,  although  indistinguishable  in  appearance, 

fter  recrystallisation  from  water,  really  consist  of  the  salts  of  the 

/-bases  respectively.     For  this  reason,  melting  point  determina- 

iis  must  always  be  made  before  mixing  together  deposits  which  are 

[>arently  identical.     The  recovered  partially  racemic  compound  is 
.  i.in  treated  as  the  original  substance  and  finally  the  greater  propor- 

II  of  it  is  resolved  into  two  salts,  one  of   which,  when  crystallised 

m  water,  has  an  original  melting  point  of  230°,  and  which  we  have 

led  the  /-component,  the  q^her,  or  (/-component,  having  an  original 

Iting  point  of  249°. 
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\-Methylhydrindamine  d-BrojnocampharstUjyhonate. 

This  salt  crystallises  from  water  in  long,  fine  needles  which  are 
anhydrous ;  if  allowed  to  crystallise  by  spontaneous  evaporation  of  the 
solvent,  it  is  obtained  in  prisms.  It  is  readily  soluble  in  hot  water, 
alcohol,  and  chloroform,  moderately  so  in  cold  water,  and  practically 
insoluble  in  ethyl  acetate,  ether,  and  light  petroleum. 

The  salt  originally  obtained  was  crystallised  sufficiently  to  ensure 
its  freedom  from  any  of  the  partially  racemic  salt,  the  presence  of 
which  is  easily  detected  from  its  dissimilarity  in  crystalline  form.  Its 
melting  point  was  230°,  and  although  softening  occurred  at  228°  it 
seemed  to  be  a  pure  single  substance. 

The  specific  rotation  of  this  ^-component  was  determined  in  aqueous 
and  chloroform  solutions.  The  salt  was  dried  at  100°,  and  a  different 
portion  of  the  same  sample  was  used  for  each  experiment. 


Wt.  of  salt. 

Solvent,     Vol, 

.  of  solution. 

Od. 

[«].. 

[M].. 

0-4008 

Water 

25  c.c. 

+  1-47° 

+  45-9^^ 

+  210-2° 

0-3977 

>» 

25   „ 

1-45 

45-5 

208-3 

0-2080 

»> 

25   „ 

0-76 

45-8 

209-7 

0-2757 

Chloroform 

20   „ 

0-54 

19-5 

89-3 

0-2964 

>» 

20   „ 

0-54 

18-2 

83-3 

The  values  for  the  molecular  rotation  of  the  salt  in  water  indicate 
that  it  contains  the  Isevo-component  of  the  base.  This  was  proved  to 
be  the  case  by  decomposing  a  portion  of  the  salt  with  barium  hydr- 
oxide and  distilling  the  base  in  steam  ;  when  brought  into  solution  by 
the  addition  of  alcohol  and  examined  in  the  polarimeter,  the  base  gave 
a  very  appreciable  negative  rotation. 

1-  Methylhydrindamine  Hydroch loridt. 

The  hydrochloride  of  /-methylhydrindamine  is  dimorphous  ;  it  crys- 
tallises from  concentrated  aqueous  solutions  in  opaque,  shining  needles, 
which  apparently  occupy  the  whole  bulk  of  the  solution ;  these  crys- 
tals, however,  slowly  change  into  either  transparent  or  translucent, 
tabular  crystals,  which,  in  extreme  cases  of  development,  appear  to  be 
prisms,  or  into  aggregations  of  transparent  needles;  in  the  latter 
forms,  the  substance  does  not  occupy  the  whole  bulk  of  the  solution. 
The  salt  separates  from  a  moderately  concentrated  solution  in  water, 
in  which  solvent  it  is  readily  soluble,  in  transparent  needles. 

The  hydrochloride  is  moderately  soluble  in  hot  ethyl  alcohol ;  when 
crystallised  by  spontaneous  evaporation  of  the  solvent,  it  is  obtained 
in  transparent)  tabular  crystals. 
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The  speeifio  rotation  was  determiDod  with  dififerent  samplos  dried  at 

100': 


WuofaiV 

SolTcnl,   Vol.  of  solution. 

•». 

[«]•. 

[M]». 

036SS 

Water        20  c.c. 

-MP 

-  30-3° 

-66-4° 

01854 

20  „ 

OW 

30-7 

661 

07290 

20  ,. 

2*28 

31-2 

570 

d'Metkjflhj/drindamine  d-BromooamphornUphotiaU. 

This  salt  is  left  in  the  filtrate  obtained  in  the  resolution  of  the 
partiaUy  racemie  compound,  and  when  present  in  large  proportion  it 
separates  in  rosettes  of  needles.  It  crystallises  from  water  in  long 
needles,  somewhat  thicker  than  those  of  the  isomeric  ^component,  and 
is  anhydrous.  It  is  readily  soluble  in  hot  water,  alcohol,  and  chloro- 
form, moderately  so  in  cold  water,  and  practically  insoluble  in  ethyl 
acetate*  The  salt  originally  obtained,  when  freed  from  the  partially 
racemie  compound,  has  a  melting  point  of  about  249°. 

Like  the  /-component,  from  which  it  is  indistinguishable  by  inspec- 
tion, it  has  the  outward  characteristics  of  a  pure  single  substance. 

The  specific  rotations  of  this  t2-component  were  determined  in  aqueous 
and  in  chloroform  solutions.  A  different  sample  was  employed  in 
each  experiment,  and  all  were  dried  at  100°  : 

Wt.  of  salt         Solvent.     Vol  of  solution.       a^ 
0-2995  Water  20  c.c.       +2-14° 

0-2536  „  20  „  1-80 

0-2316  Chloroform       20  „  1*51 

Judging  from  the  values  of  the  molecular  rotation  in  dilute  aqueous 
solution,  this  salt  contains  the  d-h&se  and  this  view  was  confirmed 
by  liberating  the  base  and  examining  its  solution  in  aqueous  alcohol 
in  the  polarimeter,  when  a  large  positive  rotation  was  obtained. 

Regeneralion   of  tJie  parliaUy   Racemie    Meihylhydrindamxne   and 
neo-MeUiyl/iydrindamine  BromocaviphorsvdphoruUea, 

Up  to  this  stag**  of  the  investigation,  we  had  obtained  no  evidence 
of  the  existence  of  isomeric  partially  racemie  salts  derived  from 
cf/.methylhydrindamine  or  from  the  corresponding  7ieo-base,  and  yet 
the  close  relationship  between  these  bases  and  their  lower  homologue, 
hydrindamine,  seemed  to  suggest  the  probable  occurrence  of  a  similar 
type  of  isomerism  ;  it  was,  moreover,  not  unlikely  that  isomerides,  other 
than  those  already  isolated,  might  be  present  in  the  original  mixture 
of  <2/-methylhydrindamine  and  (//-neomethylhydrindamine  bromo- 
camphorsulphonaics,  although  these  might  have  remained  undetected  in 


[«]o. 

[MJo. 

71-4° 

+  3270° 

70-9 

324-7 

65-2 

298-8 
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the  residues  which  are  left  after  separating  the  two  salts  just  mentioned. 
Considering  that,  in  the  case  of  the  hydrindamine  compounds,  the 
partially  racemic  /S-salts  are  formed  in  relatively  small  proportion?,  it 
appeared  probable  that  the  methylhydrindamine  and7i«o-methylhydrind- 
amine  salts  which  we  had  isolated  corresponded  with  the  partially 
racemic  a-salt  of  hydrindamine  and  that  the  /S-forms  had  yet  to 
be  discovered.  The  best  way  of  deciding  this  question  seemed  to 
be  to  decompose  each  of  the  pure  partially  racemic  salts  separately 
and  regenerate  it  from  its  components ;  if  a-  and  /S-salts  were  then 
produced  the  latter  would  no  doubt  be  obtainable  by  fractionally 
crystallising  the  product  which  would,  of  course,  be  free  from  salts 
of  the  other  externally  compensated  base. 

These  experiments  were  made,  but  in  both  cases  the  regenerated 
salt  was,  so  far  as  we  could  ascertain,  identical  with  the  original 
compound,  and  was  not  resolved  into  different  substances  by  frac- 
tional crystallisation  ;  the  bromocamphorsulphonate  of  the  dlneo-hsise 
crystallised  so  well  that  an  isomeride  if  present  and  separable  from  it 
could  hardly  have  escaped  detection. 

These  results  showed  that  the  bromocamphorsulphonates  of  methyl- 
hydrindamine and  weo  methylhydrindamine,  when  prepared  under 
ordinary  conditions,  do  not  exist  in  separable  isomeric  partially  racemic 
a-  and  /3-forms. 

Regeneration     oj     \-MelhyJ hydrindamine     d-Bromocamphorsufphonale. 
Formation  of  Vie  al-  and  pi-Isomerides. 

The  last  alternative  to  be  considered  before  giving  up  the  search  for 
isomeric  salts  of  the  type  NRjRgHg,  was  the  possibility  that  the 
partially  racemic  methylhydrindamine  and  ?^o-methylhydrindamine 
compounds  might  correspond  with  the  partially  racemic  /3-salts  of 
hydrindamine  and  consist  of  the  four  isomerides  ad^  al,  fid^  and  fil ; 
it  is  true  that  the  characteristics  of  the  two  components  obtained  by 
the  resolution  of  the  methylhydrindamine  comjKiund  did  not  accord 
well  with  the  view  that  each  is  composite,  but  here  again,  considering 
the  numerous  crystallisations  which  are  necessary  in  order  to  isolate 
the  /-  and  ^/-components,  the  isomeric  salts  of  the  I-  and  (/-bases  might 
have  remained  undetected  in  the  mother  liquors  or  residues.  If  this 
were  the  case,  the  /-component,  when  decomposed  and  regenerated, 
hhould  give  a  mixture  of  the  al-  and  )3/-forms,  and  should  therefore  be 
changed  ;  similarly  with  the  (/-component,  which  should  give  a  mixture 
of  the  ad-  and  /^(/-salts.  The  experiment  was  tried  first  with  the 
/-component  in  the  following  manner. 

About  12  grams  of  the  salt  which  by  crystallisation  had  been  freed  en- 
tirely from  the  partially  racemic  compound  was  decomposed  with  barium 
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hydroxide,  the  1>a.<o  diKtillod  in  fft^Mtm,  and  the  aoid  recovervd  from  iho 
rotida^  in  ihm  flask  ;  the  bMe  and  aoid  were  then  reoombined,  the  eolu- 
tioo  concentrated,  the  product  fractionally  crystallised  from  water,  and 
•eparated  into  eight  fractions.  Systematic  fractionation  was  then  con- 
tiniied,  the  mother  liquors  from  the  first  deposit  being  used  to  dissolye 
the  next,  and  so  on.  The  final  liquors  (from  fraction  VII)  were  continu- 
ally concentrated,  whiUt  the  first  fraction  was  repeatedly  crystallised 
from  fre^  water.  At  the  commencement  of  these  operations,  the  melting 
>int  of  the  first  deposit  was  230^,  but  after  it  had  been  crystallised 
about  SO  times,  its  melting  point  rose  to  236°.  The  melting  points  of 
the  seven  fractions  were  not  quite  sharp  ;  they  softened  through  a 
range  of  about  3*^,  and  complete  fusion  took  place  when  their  tempera- 
inm  were  respectively  236^  236°,  235°,  234°,  232°,  231°,  and  230°. 
Although  the  melting  point  of  the  first  fraction  was  now  6°  higher 
than  that  of  the  original  material,  and  the  first  and  last  fractions 
differed  in  melting  point  by  6°,  practically  no  difference  in  appearance 
conld  be  detected  between  the  first  and  last  fractions,  both  crystallis- 
ing in  slender  needles. 

The  first  and  last  fractions  were  now  separated,  dried  at  100°,  and 
examined  in  the  polarimeter,  with  the  following  results  : 


First  Fractwn, 

Wt  of  salt 

SoWent. 

Vol.  of  solution 

an. 

w^. 

[Mk 

I 

0-5037 

Water 

25  C.C. 

+  1-92° 

+  47-6° 

+  218  0^ 

u 

0-5043 

)» 

I* 

1-89 

46-9 

2140 

III 

(  0-3965 
\  0-4096 

»» 

2ac.c. 

1-86 

47-0 

215-2 

n 

It 

1-95 

47-6 

2180 

I 

0-5037  Chloroform    25  c.c. 

0-62 

153 

70-0 

II 

0-5043 

tf 

i> 

0-72 

17-9 

82-9 

III 

0-3423 

>i 

i> 

0-52 

19-0 

870 

The  samples  marked  I  and  II  were  different  samples  of  salt.  After 
being  used,  these  were  placed  together,  crystallised  from  the  mother 
liquors  from  which  they  had  been  separated,  and  used  over  again  in  the 
samples  marked  III : 


Last  Fraction. 

Wt.  of  salt    Solvent  Vol.  of  solntion. 

•o. 

[«]u. 

[M]o. 

0-4057       Water       25  c.c. 

+  1-43° 

+  440° 

+  201-6* 

0-3684 

1-32 

44-8 

2051 

0-3229            „            2(Vc.c. 

1-41 

43-8 

200-6 

0-2080   Chloroform      „ 

0-37 

17-8 

81-5 

0-5000            „            25  c  c. 

062 

18-0 

82-4 

0-4057 

0-61 

18-8 

86-1 

VOL.   LXXXIU. 

3q 
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Owing  to  lack  of  material,  these  determinations  had  to  be  made 
with  the  same  sample  which,  after  being  used,  was  recrystallised  from 
the  original  mother  liquors. 

In  order  to  obtain,  if  possible,  a  lower  specific  rotation  for  the  last 
fraction  than  that  given  above,  the  last  portions  of  the  regenerated 
salt  obtained  in  three  separate  experiments  were  mixed  and  crystallised 
systematically  ;  the  last  fraction  obtained  by  this  means  was  separated, 
and  when  dried  at  100°,  it  melted  at  215 — 224°.  Its  specific  rotation 
was  determined  in  aqueous  solution  : 

Wt.  of  salt.     Vol.  of  solution.  Od,  [o]d.  [M]u. 

0-3480  20c.c.  +1-42°         +40*8°  +186-8° 

These  results  show  that  whilst  the  rotations  of  the  first  and  last 
fractions  are  approximately  the  same  in  chloroform,  there  is  an  appre- 
ciable difference  in  the  values  obtained  with  aqueous  solutions.  That 
the  difference  in  rotation  and  melting  point  is  not  due  to  any  unaltered 
partially  racemic  salt  is  certain,  since  the  long  and  careful  crystallisa- 
tion to  which  the  salt  was  subjected  could  not  have  failed  to  reveal 
its  presence.  The  possibility  of  any  ordinary  impurity  being  present 
in  the  last  fraction  need  hardly  be  considered,  but  it  may  be  mentioned 
that  these  fractions  were  always  carefully  tested.  As  the  acid  used 
for  the  preparation  of  the  regenerated  salt  was  that  recovered  from 
the  original  salt,  there  is  no  question  of  the  presence  of  the  isomeric 
^acid. 

liegeneration  of  ^-Methylhydrindamine  di-BromocamphorsulphonaU. 
Formation  of  ad-  and  pd-Isovieridea, 

The  (^-component,  carefully  freed  from  partially  racemic  salt,  was 
decomposed  and  regenerated  as  in  the  case  of  the  ^component.  After 
prolonged  systematic  fractionation  from  water,  carried  out  as  described 
in  the  preceding  experiment,  the  first  fraction  melted  at  262°.  The 
next  fractions  did  not  melt  sharply,  but  softened  through  a  few 
degrees,  and  were  completely  fused  at  the  following  temperatures 
respectively,  262°,  260°,  258°,  257°,  256°,  255°,  and  254°  No  differ- 
ence in  crystalline  form  could  be  detected,  all  fractions  separating  in 
needles. 

The  first  and  last  fractions  were  separated »  dried  at  100%  and  then 
examined  polarimetrically. 
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First  Fractiou, 

WtofMlt 

SolfMt   Vol.  of  solution. 

«n. 

[•]». 

CM]. 

I  0*3642 

Wator         20  c.c. 

+  264^ 

+  72-5«> 

+  332-0» 

II  0-3960 

20   „ 

2  90 

74-7 

342-1 

III  0-3798 

20    „ 

2-78 

73-1 

334-7 

I  0*3642 

Chloroform    20    „ 

2-45 

67-3 

308-2 

II  0-3960 

20    „ 

2-69 

67-9 

310-9 

I,  If,  and  III  were  different  portions  of  the  same  sample  of  material. 


Ltut 

F^raetUm, 

. 

^toftalt 

SolTent    Vol.  of  solation. 

a^. 

W. 

[M]„. 

I  0-3946 

Water        20  c.c. 

+  2-70° 

68-5^ 

+  313T 

11  0  3836 

20   „ 

2-65 

601 

316-4 

III  03362 

20   ., 

2-31 

68-7 

314-6 

I  0  3946 

Chloroform    25   „ 

2-54 

64-4 

294-9 

II  0-3835 

20   „ 

2-58 

67-3 

308-2 

III  0  3362 

20   „ 

2-21 

65-7 

300-9 

Owing  to  the  small  quantity  of  substance  obtainable  the  determina- 
tion marked  I,  II,  and  III  were  made  with  practically  the  same 
sample  of  salt.  After  use  in  each  experiment,  it  was  recrystallised 
from  the  original  mother  liquors. 

In  order  to  obtain,  if  possible,  a  lower  specific  rotation  for  the  last 
fraction  than  that  recorded  above,  a  mixture  of  the  last  fractions 
obtained  in  two  separate  experiments  was  fractionally  crystallised ; 
the  last  fraction,  when  dried  at  lOO"",  melted  at  230—240°.  Its 
specific  rotation  was  determined  in  aqueous  solution  : 

Wt  of  salt.      Vol  of  solution.  at^  [a]».  [MJ^. 

0-3677  20c.c.  +247°  +671°  +3073 

From  these  results  it  is  again  evident  that  the  first  and  last  frac- 
tions are  not  the  same ;  the  melting  point  of  the  fractions  is  also 
higher  than  that  of  the  original  ^component  obtained  by  the 
resolution  of  the  partially  racemic  salt.  For  reasons  similar  to  those 
given  in  considering  the  isomerism  of  the  products  of  regeneration  of 
the  /-oomponent,  these  facts  cannot  be  ascribed  to  anything  except  the 
•nTifltimrft  of  isomeric  cd-  and  pd-9tlt». 

Result  of  Mixing  Equal  QuaniUiei  of  ad-  aiui  a\-SaUt» 

If  the  above  conclusions  be  well  founded  and  the  l-  and  d-com- 
1>oneut8  are  mixtures,  whilst  the  first  fractions  of  the  regenerated 

3  (^  2 


[«]l>. 

[M]. 

+  49-1° 

+  22^-8° 

+  60-3 

+  2761 
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salts  are  pure  substances,  then  the  two  latter  when  mixed  should  give 
a  partially  racemic  salt  differing  from  that  already  described  (p.  926). 
To  test  this  view,  0*17  gram  of  the  first  fraction  of  each  of  the 
regenerated  salts  was  weighed  out,  and  the  specific  rotation  was  then 
determined  in  chloroform  and  in  water : 

Wt.  of  salt.        Solvent.     Vol.  of  solution.  od. 

0-34         Chloroform         20  c.c.  +1-67° 

0-34  Water  20   „  +2  05 

The  solution  of  the  mixed  f3alts  was  then  evaporated  and  allowed  to 
crystallise  when  it  separated  in  hydrated,  rectangular  prisms.  The 
melting  point  of  the  substance  was  206°.  An  analysis  of  the  dehy- 
drated salt  was  made  : 

0-1963  gave  00793  AjfBr.     Br  =  17-2. 

CioHj^OBr'SOaHjCioHigN  requires  Br  =  17*4  per  cent. 

The  following  data  show  the  difference  between  this  partially 
racemic  salt  and  the  original  one  : 

Crystalline  form. 

Original  salt Oblique  prisms 

Synthetical  salt...     Rectangular  prisms 

These  two  salts,  therefore,  are  obviously  different  substances,  and 
it  is  equally  obvious  that  the  original  partially  racemic  compound  con- 
tains substances  other  than  those  representing  the  first  fractiona  of 
the  regenerated  I-  and  c?-components.  The  regenerated  U  and  d-com- 
ponents,  as  a  whole,  however,  are  practically  identical  with  the  I-  and 
rf-components  as  obtained  by  the  resolution  of  the  partially  racemic 
salt ;  on  mixing  equal  quantities  of  the  latter  before  subjecting  them 
to  any  systematic  and  prolonged  crystallisation  the  original  partially 
racemic  salt  is  obtained. 


Result  of  Mixhig  Eqtud  Quantities  of  the  Last  Fractions  of  the  i?<- 
generated  d-  and  \-Methylhydrindamine  Bromocam^tharsulphonaiea, 

According  to  the  foregoing  conclusions,  the  last  fractions  of  the 
regenerated  d-  and  /-methylhydrindamine  bromocamphorsulphonates 
consist  of  mixtures  of  isomeric  ad'  and  ^(2  salts,  and  ad-  and  ^-salts 
respectively.  By  mixing  equal  quantities  of  these  fractions,  it  was 
expected  that  a  different  synthetical  partially  di-racemic  salt  would 
be  produced  from  that  obtained  by  mixing  the  first  fractions. 

0-20  gram  of  the  last  fraction  of  the  salt  of  the  d-h&se  {[a]o  +  67*1^) 
was  mixed  with  0  20  gram  of  the  last  fraction  of  the  salt  of  the  /-base 


lelting  point. 

[a]o  in  water. 

160—165° 

+  51° 

206° 

+  60 
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i"a"s- 


10*8^)  and  tho   mixture  wm  •zamiDed   poIarimetrioAlly  in 
aqoeooa  solution : 

Wtofidt.      Vol  ofMlation.  m^  [«]^  [M]». 

0-40  20  ac.  +2*15«  +53r  +2460^ 

The  aolatlon  was  evaporated  and  the  salt  allowod  to  crystallise ;  it 
separated  in  hydrated  rhomboidal  prismn,  which,  when  dehydrated, 
melted  ab  157— 160^ 

A  Munple  of  tho  salt  was  dried  in  the  air  until  conbtant  in  weight 
and  then  dehydrated  at  100°: 

0-2975  lost  00093.     H,0 » 31  per  cent. 

It  is  evident  that  this  synthetical  salt  is  entirely  different  from  the 
one  (p.  936)  obtained  by  mixing  the  first  fractions. 

The  bromine  was  estimated  in  a  sample  of  the  salt  which  was 
dehydrated  at  lOO"" : 

0  2027  gave  0  0824  AgBr.     Br-  17  3 

CioHjjN.CioHj^OBr-SOjH  requires  Br-17'4  per  cent. 

A  part  of  the  expense  incurred  in  this  investigation   has  been  met 
>y  a  grant  kindly  awarded  by  the  Government  Grant  Committee  of 
the  Royal  Society. 

rxiVBRSmr  COLLSOB, 

NorriNQHAM. 


XCr. — Isomeric  Compounds  of  the  Type  NRiR,H,. 

By  Frederic  Stanley  Kippimo. 

r  has  been  shown  in  the  preceding  papers-: — (1)  that  four  isomeric 

^Its  aro  produced  from  (i^-hydrindamine  and  e^bromocamphorsul phonic 

id  of  which  three  (adt  al^  and  pC)  have  been  isolated  in  a  pure  state ; 

w)  that   i^-hydrindamine   and   d-chlorocamphorsulphonic   acid   yield 

'our  strictly  analogous  isomerides,  all  of  which  (adt  ^,  al,  pi)  have 

'en   obtained   in  a  pure   condition;    (3)  that  one  of   the  two  dl- 

ethylhydrindamines   combines  with  (/-bromocamphorsulphonic  acid, 

- :  ving  rise  to  four  similar  isomerides,  but  that  in  this  case  the  a-  and 

/^-compounds  are  so  closeljk  related  that  they  cannot  be  completely. 

i,  and  only  two  of  them  (ad  and  a/)  have  been  isolated. 

ler,  it  has  been  found  that   the  salts   formed  from  d-  and 

lydrindamioes   with  cM-T-camphanic  add  are   different   from   the 

leric  partially  racemic  a-  and  ^-salts  previously  described  (Kipping, 
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sr 


Trans.,  1900,  77,  861),  and  that  each  probably  consists  of  two 
isomerides  corresponding  with  those  of  the  bromo-  and  chloro-camphor- 
sulphonic  acids. 

Finally,  In  conjunction  with  Mr.  Tutin,  the  author  has  commenced 
the  study  of  salts  of  menthylamine,  and  here  also  there  is  distinct 
evidence  that  the  pure  optically  active  base  gives  with  c/-bromo< 
camphorsulphonic  acid  a  mixture  of  two  salts. 

Since  of  the  four  isomerides  produced  from  a  cU-h&se  two  are 
derived  from  the  d-  and  two  from  the  ^component,  the  former  may  be 
distinguished  as  the  ad-  and  pd-,  the  latter  as  the  cd-  and  /^/-oalts ; 
and  should  these  four  isomerides  unite  in  pairs  or  otherwise  to  form 
two  partially  racemic  salts,  as  in  the  case  of  the  hydrindamine  com* 
pounds,  the  latter  may  be  classed  as  a-  and  /3-salt8  according  as  to 
whether  they  contain  the  ad-  and  a/-,  or  the  ^d-  and  ySZ-isomerides ; 
the  salts  produced  in  relatively  smaller  quantities  may  be  classed  as 
/8-salts,  or  salts  of  the  yS-series. 

It  is  proposed  to  discuss  in  this  paper  the  nature  of  these  isomerides, 
and  to  consider  what  conclusions  may  be  dravvn  from  their  existence. 

In  the  first  place,  it  is  perhaps  desirable  to  examine  critically  the 
explanation  which  the  author  has  previously  given  of  the  existence  of 
such  isomerides.  An  obvious  question  which  then  arises,  and  on  the 
answer  to  which  the  given  explanation  depends,  is,  are  these  substances, 
in  fact,  isomeric  salts  ? 

The  evidence  on  this  point  is  as  follows  : — (1)  the  results  of  analyses 
(halogen  determinations)  of  the  partially  racemic  hydrindamine 
bromocamphorsulphonates  and  chlorocamphorsulphonates  (Trans,,  1900, 
77,  874  and  891);  (2)  determinations  of  the  percentage  of  base  in  the 
partially  racemic  cw-Tr-camphanates  (loc.  cit.f  pp.  906—907);  (3)  an 
analysis  of  the  ^^-isomeride  of  hydrindamine  cf-bromocamphor> 
sulphonate. 

It  would  seem  on  theoretical  grounds  that  the  only  possible 
difference  in  composition  between  a  salt  of  the  a-  and  a  salt  of  the 
)S-series  would  be  the  elements  of  one  molecule  of  water,  but  on 
theoretical  grounds  also  it  is  almost  impossible  that  such  a  difference 
could  exist ;  as  analyses  would  fail  to  conclusively  establish  such  a 
difference  in  composition,  the  proof  that  the  substances  are  isomeric 
rests  chiefly  on  the  proof  that  they  are  salts. 

This  is  established  by  the  behaviour  of  the  isomerides  towards 
reagents,  such  as  sodium  carbonate  and  barium  hydroxide,  which 
immediately  liberate  the  base;  hydrochloric  acid,  which  liberates  the 
organic  acid  ;  picric  acid,  which  gives  a  picrnte  of  the  base,  and 
platinichloric  acid,  which  precipitates  a  platinichloride.  Further, 
molecular  weight  determinations  show  that  the  isomerides  underj^o 
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ioDio  dinaocUtioD  to  a  vor/  considerable  extent,  and  correnpoodiog 
inoimdee  have  the  same  or  praoticalljr  the  same  solubility  in  cold 
water. 

The  next  queation  whtoh  arisee,  and  one  which  is  intimately  con- 
neeted  with  the  foregoing,  is,  do  the  salts  of  the  a-aeries  consist  of 
idantioally  the  tame  components  as  those  of  the  )3-8eriee,  or  is  the 
tiifference  between  them  due  to  the  existence  of  structurally  or  optic- 
ally ieotnerio  adds  or  bases  t 

This  qoeilkm  eeems  to  be  settled  beyond  all  doubt  by  many  and  by 
very  different  pieces  of  evidence.  The  ad-  and  /S'i-isomertdes  are  salts 
of  the  same  acid  and  the  same  base,  because  when  the  act-salt  is 
deoompoeed  and  regenerated  from  its  componeots  it  gives  some  pd-saXt  ; 
similarly,  the  ai-derivativo  gives  some  pls&h,  and  neither  the  acid  nor 
the  base  undergoes  structural  change  or  racemisation  during  the  decom- 
position and  regeneration.  Further,  the  partially  racemic  y^-salts  can 
be  transformed  into  the  asalts  by  repeatedly  evaporating  with  (2/-base 
{loe,  eilf  pp.  882,  897,  907) ;  this  treatment  could  hardly  bring  about 
any  change  in  the  acid  or  in  the  percentage  composition  of  the  salt. 
It  has  also  been  proved  by  independent  experiments  that  the  acid  from 
the  partially  racemic  /3-saIts  is  identical  optically  with  that  of  the 
a-iaomerides  (loc.  cit.,  p.  877). 

The  possibility  of  the  existence  of  isomeric  hydrindamines,  other 
than  the  d-  and  /-bases  indicated  by  theory,  has  previously  been  dis- 
cussed and  shown  to  be  out  of  the  question  {loc.  cit.^  p.  883) ;  this 
conclusion  is  established  beyond  doubt  by  some  of  the  experiments 
just  mentioned  and  by  others  described  below. 

The  striking  similarity  between  the  ad-  and  ^cf-isomerides,  and 
between  the  a/-  and  )3/-isomeride8,  which  sometimes  extends  to  all 
their  properties,  apparently  even  to  the  existence  of  isodimorphism, 
can  only  be  accounted  for  satisfiictorily  on  the  assumption  that  they 
are  all  salts,  and  the  fact  that  the  compounds  are  only  separated  with 
great  difficulty,  or  cannot  be  separated,  also  affords  strong  confirma- 
tion of  this  view. 

That  the  observed  isomerism  is  not  due  to  any  peculiarity  of  the 
fi-bromo-  and  (2-chloro-camphorsuI phonic  acids  seems  to  be  proved  con- 
clusively by  the  existence  of  the  ci«-ir-camphanates,  and  by  the  fact 
that  with  some  primary  bases  these  acids  do  not  yield  separable 
isomerides;  the  existence  of  the  derivatives  of  methylhydrindamine 
and  of  menthylaniine  shows  also  that  the  phenomena  are  not  caused  by 
some  special  characteristic  of  hydrindamine.  From  a  consideration  of  all 

I  these  facts,  it  may  be  concluded  that  the  explanation  originally  given  by 
llie  author  (loe.  cil.,  p.  862)  is  the  correct  one  ;  that  is  to  say,  the  differ- 
-— 
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due  to  the  acidic  ion  in  the  ^-compounds  being  attached  to  a  nitrogen 
valency  which  is  differently  situated  from  that  which  fixes  the  acid 
ion  in  the  a-isomerides. 

If  this  explanation  be  accepted,  it  would  seem  that  the  acidic  ion 
which  is  separated  from  the  basic  ion  in  dilute  aqueous  solution 
returns  to  its  own  particular  nitrogen  valency,  to  its  original  position 
in  the  molecule,  when  the  salt  is  re-formed  on  concentrating  the  solu- 
tion ;  otherwise  either  of  the  pure  a-isoraerides,  when  dissolved  in  a 
sufficiently  large  quantity  of  water,  would  give,  on  evaporating,  a 
mixture  of  certain  fixed  proportions  of  the  acl-  and  )3c^salts  and  simi- 
larly pure  al-  or  ^^salt  would  give  a  product  consisting  of  both  forms  ; 
experiment  shows  that  this  does  not  occur,  all  the  isomerides  being 
recovered  unchanged  after  solution  in  water  or  other  solvents  (except 
in  the  case  of  the  cw-Tr-camphaoates,  which  being  dissociated  hydroly- 
tically,  necessarily  behave  in  a  different  manner,  loc.  cit.,  p.  908). 
Consequently,  it  may  be  inferred  that  there  are  two  diffu'ent  ions  of 
each  of  the  optically  active  bases.* 

Proceeding  a  step  further,  it  seems  reasonable  to  suppose  that  if 
the  acidic  ion  of  any  one  of  the  given  salts  be  displaced  by  a 
different  acidic  ion,  the  latter  should  take  up  the  same  position  in  the 
molecule  as  that  occupied  by  the  former ;  in  other  words,  a  salt  of  the 
/3(/-series,  for  example,  should  be  convertible  into  other  salts  of  the 
same  series  without  at  the  same  time  giving  rise  to  an  isomeride  of 
the  a^/-series,  so  long  as  the  base  is  never  set  free. 

An  interesting  set  of  experiments  which  tests  the  validity  of  this 
deduction  may  be  readily  carried  out  with  the  partially  racemic  /8  salt 
of  hydrindamine  and  t^bromocamphorsulphonic  acid.  When  a  dilute 
aqueous  solution  of  this  salt  is  treated  with  a  solution  of  sodium 
carbonate,  no  visible  effervescence  is  produced  and  the  solution 
remains  free  from  precipitated  base ;  doubtless,  however,  some  of 
the  t/-bromocamphorsulphonate  is  converted  into  carbonate  (for,  on 
warming,  the  base  is  evolved) ;  if,  however,  the  solution  is  im- 
mediately acidified  with  hydrochloric  acid,  carbon  dioxide  is  expelled, 
and  a  certain  proportion  of  the  hydrindamine  salt  is  no  doubt  con- 
verted into  hydrochloride.  On  subsequently  evaporating  the  solution 
to  dryness  and  crystallising  the  residue  from  water,  the  /9-salt 
separates  unchanged  and  the  deposit  is  free  from  the  characteristic 
crystalline  masses  of  the  partially  racemic  a-salt. 

Although,  therefore,  a  portion  of  the  d-  and  /-bases  have  been  in 
union  with  the  ions  of  carbonic  and  of  hydrochloric  acids,  the  relative 
and  absolute  quantities  of  the  four  isomeric  (/-bromocamphorsulphon- 
ates  in  the  recovered  salt  are  the  same  as  in  the  original  Fample,  or 

*  This  conclusion,  if  correct,  excludes  the  possibility  of  the  isomerism  l>eing  due 
to  the  limitation  of  free  rotation  (compare  loc.  eit.,  p.  866). 
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at  any  rate  appear  to  be  eo,  for  if  the  proportions  of  the  o^  and 
aZ-ieomeridee  had  been  increased  to  any  appreciable  extent,  the  oxeeM 
wooM  separate  as  partially  raoemic  a-salt. 

If  instead  of  acidifying  with  hydrochloric  acid  immediately,  thesolu- 
iion  of  the  partially  rscemic  /S-salt  (to  which  sodium  carbonate  has  been 
added)  is  left  at  the  ordinary  temperature  during  24  hours  and  then 
acidified,  it  giTes  on  subsequent  evaporation  a  deposit  of  a  mixture 
of  both  a-  and  /3-partially  raoemic  salts  and  from  this  mixture  the 
two  isomerides  can  be  easily  isolated  in  the  usual  manner. 

This  difference  in  behaviour  seems  to  be  satisfactorily  accounted 
for  as  follows :  the  carbonate  of  the  base  is  no  doubt  dissociated 
hydrolytically,  and  during  the  24  hours  a  large  proportion,  or  the 
whole,  of  the  base  is  for  some  short  period  in  the  free  state  ;  when  the 
carbonic  acid  ions  again  unite  with  the  free  base  a  greater  proportion 
of  the  ad-  and  a/-isomerides  is  produced  than  was  contained  in  the 
partially  racemic  /?-salt  j  from  these,  the  corresponding  hydrochlorides, 
and  finally  the  ^-bromocamphorsulphonates  are  formed,  and,  on 
crystallising,  the  excess  of  the  ad-  and  o/^modifications  separates  as 
partially  racemic  a-salt. 

A  similar  result  may  of  course  be  achieved  much  more  quickly,  for 
if  the  p-8ti\t  is  decomposed  with  barium  hydroxide  solution,  the  base 
extracted  with  ether,  and  combined  again  with  the  (£-bromo-acid,  both 
a-  and  /S-salts  are  produced,  and  it  is  immaterial  whether  a  fresh 
sample  of  the  bromo-acid  or  that  recovered  from  the  solution  of  the 
barium  salt  be  employed.  If,  on  the  other  hand,  the  partially  racemic 
^-salt  is  dissolved  in  excess  of  concentrated  hydrochloric  acid,  the 
solution  heated  on  the  water-bath  during  several  hours,  and  then 
repeatedly  evaporated  with  water  to  expel  the  hydrochloric  acid, 
the  ^-salt  is  finally  recovered,  free  from  the  a-isomeride ;  during 
these  operations  the  base  is  never  in  the  free  state  and  the  re- 
\       lative   proportions   of   the    four   components   of    the    )9-salt    remain 

unaltered. 
'  Further  experiments  with  the  or/-,  a/-,  and  ^^hydrindamino  (/-bromo- 

I  camphorsulphonates  seem  to  confirm  this  conclusion,  that  one  acidic  ion 
I  may  be  displaced  by  another  without  changing  the  configuration 
^      particular  to  the  salt. 

\  In  the  first  place,  it  may  be  mentioned  that  the  pure  ad-,  a/-,  and 

'      pls&\i8t  when  separately  dissolved  in  water  and  treated  with  a  solution 

of  picric  acid,  give  precipitates  of  picrates,  which  are  identical  in 

crystalline  form,  so  far  i|^  can  be  ascertained  without  goniometrical 

(examination,  and  which  show  the  same  behaviour  when  heated.  This 
fact  merely  affords  additional  evidence  that  the  three  compounds  are 
all  salts,  and  that  the  bases  of  the  three  salts  are  identical,  except  as 
Ugards  optical  properties  ;  since  the  picrates  are  probably  dissociated 
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hydrolytically,  it  is  to  be  presumed  that  all  three  precipitates  are 
mixtures  of  salts  of  both  the  a-  and  ^S-series. 

When  ad't  al-t  and  yS^hydrindamino  cZ-bromocamphorfiulphonates, 
which  were  chosen  as  suitable  representatives  of  the  a-  and  yS-series 
respectively,  are  treated  with  concentrated  hydrochloric  acid,  they 
dissolve  freely,  much  more  readily  than  in  water ;  on  adding  platini- 
chloric  acid  to  the  solutions,  the  platinichlorides  are  obtained  as  bulky, 
yellow  precipitates,  but  precipitation  is  only  incomplete,  owing  to  the 
presence  of  the  bromo-acid.  When  separated  and  recrystallised  from 
water,  the  three  salts  are  obtained  in  crystals  of  characteristic  appear- 
ance, whicl),  so  far  as  ordinary  examination  goes,  are  identical  with 
one  another  and  with  those  of  the  platinichlorides,  which  are  prepared 
from  the  hydrochlorides  of  the  d-  and  /-bases. 

As  a  matter  of  fact,  of  course,  the  platinichlorides  of  the  ad-,  al-^  and 
y3^salts  cannot  be  identical  in  optical  properties,  and  those  of  the 
ad'  and  a^isomerides  bear  the  ordinary  enantiomorphous  relationship 
to  one  another ;  the  question  arises,  what  is  the  relationship  of  the 
Bait  prepared  from  the  pi-form.  to  that  obtained  from  the  ac^isomeride  1 

In  order  to  gain  further  information  on  this  matter,  the  platini- 
chlorides from  the  ad-  and  ySZ-salts,  prepared  as  just  described,  were 
separately  dissolved  in  dilute  hydrochloric  acid  and  hydrogen  sulphide 
passed  through  the  warm  solutions  until  precipitation  was  complete;  the 
solutions  of  the  hydrochlorides  were  then  concentrated  and  allowed  to 
crystallise  slowly.  They  both  deposited  large,  tabular,  transparent 
crystals  of  characteristic  appearance,  apparently  identical  with  one 
another  and  with  the  hydrochlorides  obtained  by  neutralising  the 
d'  and  Abases  with  the  acid  ;  the  apparent  identity  in  outward  pro- 
perties extended  to  their  melting  points,  the  two  hydrochlorides  fusing 
simultaneously  at  about  233°. 

It  might  be  inferred  from  these  statements  that  when  the  ions  of 
the  d-bromocamphorsul phonic  acid  in  the  ad-  and  ^-salts  are  dis- 
placed  by  those  of  an  optically  inactive  acid,  the  resulting  salts  bear  the 
ordinary  enantiomorphous  relationship  to  one  another,  and  that,  other- 
wise, there  is  no  di£ference  between  a  salt  of  the  ad-  and  one  of  the 
/S/'series.  This,  however,  does  not  seem  to  be  the  case ;  there  would 
appear  to  be  some  extremely  subtle  difference  between  the  hydro- 
chlorides of  the  ad-  and  )3c/-series,  in  addition  to  that  determined  by 
the  enantiomorphous  relationship  of  the  bases,  because,  when  the 
chlorine  ion  in  each  of  the  salts  is  displaced  by  that  of  the  bromo-acid 
the  original  ad-  or  )3/-isomeride,  as  the  case  may  be,  is  obtained.  This 
statement  is  based  on  experimental  evidence  which  appears  to  be 
conclusive,  but  it  is  put  forward  here  with  a  reservation,  and  further 
investigation  will  be  made.     The  evidence  is  as  follows : 

In  the  first  place,  the  partially  racemic  ^-salt  of  the  bromo-acid  is 
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rMovered  iiuchAngod  after  it  hiw  been  heated  with  hydrochloric  acid, 
a  faoi  which  Mems  to  prove  that  each  of  its  four  isomeric  comitoncntii 
it  oonverted  into  the  oorrttpondinff  hydrochloride,  from  which  the 
cmrrmpo^Mnff  bromo-sult  is  again  formed  ;  apparently,  therefore,  there 
wn/our  diftrtfU  k^drmdamint  kydrooMoridtt, 

Secondly,  the  /S^form  of  hydrindamine  (/-chlorooamphorsulphonale 
can  be  transformed  into  a  hydrindamine  hydrochloride,  which,  when 
treated  with  the  chloro>acid  again,  yields  the  /3/  chloro-salt ;  that  is 
to  say,  this  /3/-chloro>8alt,  when  digested  with  concentrated  hydro- 
chloric acid  during  24  hours,  is  recovered  unchanged  on  subsequently 
evaporating  to  dryness  several  times  with  water.  The  ^/-chloro-salt 
was  used  in  this  experiment  in  preference  to  the  /3/-bromo-salt  merely 
because  it  is  easily  distinguished  from  its  a/-isomeride  by  its  melting 
point.  The  latter  always  melts  below  121°,  whereas  the  ^/-compound 
never  does  so ;  the  crystals  obtained  after  treatment  with  hydrochlorio 
acid  melted  at  about  140°,  and  doubtless  consisted  of  the  pure 
/3^'isomeride.  This  experiment  has  been  made  more  than  once,  and  in 
order  to  obtain  ocular  proof  that  the  chloro-salt  is  actually  trans- 
formed into  ite  hydrochloride,  the  solution  in  hot  concentrated  hydro- 
chloric acid  was  first  left  to  crystallise  at  the  ordinary  temperature  ;  the 
few  crystals  then  deposited  consisted  of  lustrous,  transparent,  rect- 
angular prisms,  indistinguishable  in  appearance  and  in  melting  point 
from  the  crystals  of  the  other  hydrochlorides  ;  from  these  crystals,  the 
/S^-salt  was  obtained  as  described  already. 

Owing  to  the  great  solubility  of  the  hydrochlorides,  in  comparison 
with  that  of  the  bromo-  or  chloro-camphorsulphonates,  it  is  not  easy 
to  isolate  more  than  a  relatively  small  proportion  of  the  salt  of  the 
mineral  acid  in  one  operation  ;  as,  moreover,  the  salts  of  the  /3-series 
are  very  troublesome  to  obtain,  and  are  only  available  in  small 
quantities,  another  method  was  tried  for  converting  them  into  their 
hydrochlorides  and  back  again  into  salts  of  organic  acids. 

The  hydrochloride  obtained  from  the  y3/-modi6cation  of  hydrind- 
amine bromocamphorsulphonate  by  precipitating  as  platinichloride 
and  then  decomposing  with  hydrogen  sulphide  (p.  942),  was  treated 
with  ammonium  (^-bromocamphorsulphonate  in  aqueous  solution, 
and  the  hydrindamine  bromocamphorsulphonate  thus  precipitated 
was  recrystallised  from  water;  this  product  seemed  to  be  identical 
with  the  original  ^-salt  in  crystalline  form,  but,  unfortunately, 
the  quantity  of  the  supposed  fil-aaXt  available  was  too  small  for  a 
determination  of  its  speci6c  rotation,  which  was  perhaps  the  only  way 
in  which  it  could  with  certainty  be  distinguished  from  its  a/-isomeride  ; 
a  repetition  of  the  experiment  on  a  larger  scale  was  therefore  desirable. 

Wishing  to  improve  the  yield  of  platinichloride,  the  fil-Balt  of  the 
chloro-acid  was  dissolved  in  water  and  treated  with  hydrochloric  acid 
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and  sodium  chloride,  and  then  with  platinic  chloride  ;  the  precipitate 
was  crystallised  from  water,  and  then  from  aqueous  methyl  alcohol, 
and  finally  decomposed  with  hydrogen  sulphide  in  boiling  solution ; 
the  hydrochloride,  which  was  then  obtained,  was  decomposed  with 
ammonium  (Z-bromocamphorsulphonate,  the  bromo-salt  separated, 
washed  with  a  small  quantity  of  water,  and  dried. 

0*4706  gram  dissolved  in  water,  the  solution  diluted  to  25  c.c,  and 
examined  in  a  200  mm.  tube,  gave  a^  4-2-28°  whence  [a]i,  +60*5°. 

The  salt  is  therefore  the  oZ-isomerido,  the  specific  rotation  of  the 
)8/-compound  being  [a]^  +39°. 

Whether  this  result  is  due  to  the  crystallisation  of  the  platini- 
chloride  from  water  instead  of  from  hydrochloric  acid,  or  to  some 
intramolecular  change,  such  as  occurs  in  the  case  of  the  d-  and 
Z-methylethylphenacylthetine  cZ-bromocamphorsulphonates  when  they 
are  precipitated  as  mercurichlorides  (Pope  and  Neville,  Trans.,  1902, 
81,  1559)  has  not  yet  been  determined  ;  whatever  the  cause  may  be, 
it  would  seem  that  the  basic  ion  of  the  yS-series  may  in  some  cases 
be  transferred  from  one  acidic  ion  to  another  without  losing  its 
own  particular  configuration ;  further  experiments  on  this  point 
will  bo  made  as  soon  as  the  necessary  materials  have  been  prepared. 

Molecular  Rotations  of  the  laomeric  Salts, 

The  only  fact  arising  out  of  these  investigations  which  is  not  in 
complete  harmony  with  the  author's  views  regarding  the  nature  of 
these  isoraerides  is  that  some  of  the  salts  seem  to  have  highly 
abnormal  molecular  rotations. 

The  isomerides  of  the  a-series  have  in  all  cases  molecular  rotations 
which  in  2  per  cent,  aqueous  solution  approximate  sufficiently  closely 
to  the  calculated  values,  as  shown  in  the  following  table 


Salt. 


Basic  ion. 
ad-Hydrindamine  c?-bromocam- 

phorgulphonate  [M]d  -1*^ 

a/-Hydrindamine   f^bromocam- 

phorsulphonate  „      +1 

(u/-Hydrindamine  d-chlorocaui- 

phorsulphonato   „      -1 

o/-Hydrindamino    J-chlorocam- 

phorsulphonate  „      -Hi 

f)u2*Methylhydrindamino 

rf'bromocamphorHulphonate  „    +66 

a/- Methyl  hydrindamine 

d-bromooamphorsulphonate  „    -  66 


Acidic 
ion. 

Ohsorvod. 

Calcu- 
lated. 

+  270° 

+  271° 

+  269° 

270 

267 

271 

187 

184 

186 

187 

177 

188 

270 

336 

326 

370 

216 

214 
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li  is  to  b«  obcorved,  noTeriheleas,  that  in  the  case  of  the  hydriod- 
amine  bromo-  and  chloro-€ainphor8ulphonAU»,  the  cui-salts  have 
slightly  higher  Tallies  than  the  cJ-isomorides,  although  the  basic  ion 
which  they  contain  is  bsTorotatory  so  far  as  can  be  determined  by  an 
examination  of  the  hydrochloride  of  the  base  in  moderately  concen- 
trated solutions. 

The  salts  of  the  ^-series,  on  the  other  hand,  are  highly  abnormal  in 

their  d^itioal  properties,  as  shown  in  tho  following  table : 

Stlt^ 

Basic  iou.  Aeidic  ion.  Observed,      lated. 
/3(/-Hydrindamine  <£-bromocam- 

phorsulphonate*     [MJ^  -P      +270'*     +222°     +269<» 

/S^Hydrindamine  (f-bromocam- 

phorsulphonate   „      +1  270  178  271 

/3(i-Hydrindamine  (f-chlorocam- 

phorsulphonaU  „       -1  187  236  186 

/3/-HydrindamiDe   a-cniorocani- 

phorsulphonate  „      +1  187  230  188 

*  Imporesalt. 

The  methylhydrindamine  bromocamphorsulphoDates  of  the  ^-series 
were  not  obtained  sufficiently  free  from  their  a-isomcrides  to  give 
▼aloes  which  can  be  regarded  as  even  approximately  correct,  but  as  the 
impure  preparations  have  molecular  rotations  considerably  lower  than 
those  of  the  a-salts,  the  pure  compounds  would  doubtless  give  results 
comparable  with  those  obtained  from  the  hydrindamine  bromo-salts  of 
the  )3-8erie8. 

What  is  the  explanation  of  these  apparently  abnormal  values  ? 

In  the  case  of  the  bromo-salts,  the  observed  are  very  much  lower 
than  the  calculated  values  ;  in  that  of  the  chloro-salts,  the  contrary  is 
the  case.  Assuming,  then,  that  the  salts  of  the  two  acids  are  ionised 
to  an  approximately  equal  extent,  it  is  manifest  that  the  abnormal 
values  cannot  be  due  to  the  ions  of  the  <f-acids ;  but  the  basic  ions 
have  no  appreciable  optical  activity,  judging  from  the  examination  of 
their  hydrochlorides,  so  that  the  natural  conclusion  is  that  the 
abnormal  values  are  due  to  incomplete  ionic  dissociation. 

In  order  to  obtain  some  knowledge  of  the  relative  extent  of  the 
ionic  dissociation  of  the  isomeric  hydrindamine  bromocamphor- 
sulphonates,  molecular  weight  determinations  were  made  in  aqueous 
solution  by  the  ebuUioscopic  method,  using  the  modified  apparatus 
devised  by  Landsberger ;  in  the  first  place,  the  partially  racemic  a-  and 
[^8«ilts  were  used,  and  the  results,  which  are  given  below,  may  be 
ipared  with  some  previous  determinations  made  in  aqueous  solution 
>y  the  cryoscopic  method. 
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(a) 


PartioUly  liacemic  a-Salt 

1^ 

Cryoacopic  method. 

Porcentace  of 

Substance. 

Water. 

salt. 

D. 

Mol.  weight 

0-2  gram 

25  grams 

0-8 

0-075 

203 

0-2     „ 

25     , 

I) 

0-8 

0  067 

227 

Mullioscopic  metJwd. 

1*0  gram 

24'6< 

B.C.* 

4-08 

0-lOOt 

212 

10     „ 

230 

)> 

4-3 

0090 

246 

10    „ 

20-0 

)> 

50 

0130 

200 

1-0    „ 

17-0 

» 

5-9 

0094 

32a 

10    „ 

170 

i» 

5-9 

0116 

26^ 

10    „ 

16-0 

)) 

6-2 

0140 

230 

1-0    „ 

140 

>» 

71 

0-140 

264 

1-5    „ 

210 

»> 

71 

0152 

248 

10    „ 

12-0 

ij 

8-3 

0-140 

296 

1-5    „ 

18-0 

a 

8-3 

0130 

332 

20    „ 

22-0 

y> 

91 

0-164 

290 

1-5    „ 

16-0 

»» 

9-4 

0-170 

287 

15    „ 

170 

i> 

9-4 

0-130 

360 

20    „ 

21-0 

»> 

100 

0-190 

260 

1-5    „ 

14-5 

a 

10-3 

0140 

382 

1-5    „ 

11-5 

a 

13-0 

0-218 

310 

1-5    „ 

10-6 

a 

14-2 

0-210 

351 

(i) 


*  Volume  of  solution.  t  E. 

With  regard  to  these  results,  it  may  be  stated  that  in  order  to  give 
some  idea  as  to  the  reliance  which  may  be  placed  on  them  no  selection 
has  been  made,  and  consequently  some  data,  as,  for  example,  those  of 
experiments  (a)  and  (6),  which  might  be  attributed  to  fortuitous 
errors,  have  not  been  omitted.  As  comparative  values  only  were 
required,  the  volume  of  the  solution  at  the  ordinary  temperature  was 
taken  to  represent  the  weight  of  the  solvent. 

Although  the  results  are  not  very  satisfactory,  owing  to  the  large 
experimental  error,  they  seem  to  show  that  ionic  dissociation  diminishes 
very  rapidly  with  increasing  concentration  ;  taking  the  mean  values, 
the  following  relation  is  observed  : 

Percentage  of  salt      0—6         6-9— 7*1         8-3— 9'4         10—14-2 
M.  W 219  266  313  326 

Assuming  that  the  results  in  0 — 5  per  cent,  solution  afford  a  true 
indioatiou  of  the  extent  of  ionio  dissociation,  it  may  be  further  con- 
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eluded  that  in  such  solutions  the  ad-  and  cU-ieomerides  arc  complotely 

'Dieed,  the  molecular  weight  of  the  lalt  being  444. 

The  partiallj  rAcemio  fi-vk\i  was  next  examined,  with  the  fuUuwiug 
reeulia: 


Cryoseopio  mUhod. 

Percentage 

Water.                of  salt  2>.  Mol.  wciglit. 

25  grams            1*2  0-100             228 

25     „                0-8  0065            234 

25     ..                12  0090            235 


0*3  gram 
0-2    . 
03    .. 


EbuU\o9Cop%c  method. 


0-5 
1-0 
1-0 
1-0 
15 
1^ 


15    C.C.*           3-3 

0-055t 

312 

16      „                6-2 

0-120 

269 

15  5  „                6-4 

Olio 

311 

10-5  „                9-5 

0157 

314 

15     „              100 

0167 

311 

10      „              100 

0160 

352 

Volarae  of  solation. 

t  Jy. 

Comparing  these  with  the  results  obtained  in  the  case  of  the  a-salt, 
the  inference  may  be  drawn  that  in  dilute  (0 — 7  per  cent.)  solutions  the 
/S-salt  is  not  so  fully  dissociated  as  its  a-isomeride. 

Now,  since  two  of  the  components  of  the  ^-salt  are  identical,  re- 
spectively, with  the  two  components  of  the  a-salt,  it  seemed  probable 
that  the  higher  values  obtained  with  the  former  must  be  due  to  the 
fid-  and  /3/-isomerides,  and  that  the  latter  would  therefore  give  even 
higher  values  than  the  partially  racemic  y3-salt;  a  comparison  was 
therefore  made  between  the  ad-  and  /3/-isomerides,  with  the  following 
results: 

ad-SaU, 


SabcUnee. 

W«Ur. 

Percentage  of 
salt. 

E. 

Mol.  weight 

1*0  gnm 

21  cc. 

47 

0111 

220 

10     „ 

15  6  .. 

6-4 

0133 

257 

10     .. 

15-5  „ 

6-4 

0125 

265 

1-0    ., 

16     ,, 

6-6 

0133 

258 

10    „ 

12     ,. 

8-3 

0135 

320 
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piSalL 

Percentage  of 
Substance.  Water.  salt.  E.  Mol.  weight. 

0-65  gram         20    c.c.  3  25  0*065  260 

050  „  12-5  „  400  0-080  260 

1-0    „  20     „  50  0-083  313 

1-0    „  19-0  „  5-3  0-115  240 

10    „  17-7  „  5-7  0-100  296 

1-15  „  16     „  70  0-130  280 

1-0     „  12     „  8-3  0-146  295 

1-5     „  15     „  100  0180  290 

The  values  thus  obtained  do  not  indicate  any  very  great  difference 
between  the  two  salts  in  the  degree  of  ionic  dissociation,  although  in 
very  dilute  solutions  they  are  perhaps  lower  in  the  case  of  the  ad- 
than  in  that  of  the  /?/-isomeride ;  all  the  results  tend  to  show, 
however,  that  ionisatiou  is  very  incomplete  in  only  moderately  con- 
centrated aqueous  solutions  at  100°;  whether  it  is  less  or  greater  at 
the  ordinary  temperature  it  is  impossible  to  say,  and  consequently  the 
experimental  evidence  in  favour  of  the  view  that  the  abnormal 
molecular  rotations  of  the  /?-salts  are  due  to  incomplete  dissociation  is 
not  by  any  means  conclusive. 


Th  e  supposed  Itelationship  of  tlie  Isortiei'idea. 

To  account  for  the  occurrence  of  such  isomeric  salts  of  the  type 
NRjRjHj,  it  is  only  necessary  to  assume  (a)  that  when  the  optically 
active  base  combines  with  the  acidic  ions  X  and  H  each  of  the  latter 
may  take  up  one  of  two  positions,  giving  the  dissimilar  forms : 


f 


NH, 


A 


X 

and  (6)  that  the  valencies  which  fix  these  ions  are  not  so  situated  that 
the  two  groups  become  identical  by  free  rotation  ;  in  other  words, 
these  valencies  must  not  be  in  the  same  plane  as,  and  at  the  same  time 
symmetrically  situated  with  regard  to,  the  valency  which  unites  the 
carbon  and  nitrogen  atoms. 

The  double  tetrahedron  configuration  for  nitrogen,  for  example, 
would  not  account  for  such  isomerism  ;  the  square  pyramid  configura- 
tion, however,  would  satisfy  these  conditions,  and  may  be  conveniently 
made  use  of  to  indicate  the  suggested  relationship  of  the  isomerides. 
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AaraniiDg  UiAt  the  Mymmetrio  oarbon  atom  and  the  two  hydrogen 
atoms  of  the  amino-group  are  arranged  sjmmotrically  in  one  plane 
around  the  nitrogen  atom,  and  that  when  the  Utter  beoomet  quin- 
quevalent  the  acidio  ions  arrange  themselves  in  such  a  way  that  they  lie 
in  one  plane  with  the  carbon  and  one  of  the  hydrogen  atoms,  then  each 
of  the  optically  aotiTe  bases  oould  give  rise  to  two  isomerides,  the  con- 
figurations of  which  would  be  represented  as  follows  : 


+  0     0 


\ 


H     H 


X  X 


7\ 


H    H 


III. 


If,  on  the  other  hand,  it  be  assumed  that  in  the  transformation  of 
tri-  into  quinque-valent  nitrogen,  one  of  the  three  atoms  of  hydrogen 
originally  in  one  plane  with  the  nitrogen  atom  may  change  its  position, 
but  that  otherwise  the  results  are  analogous,  the  four  arrangements 
represented  by  the  following  symbols  would  be  obtained : 


It  is  not  impossible,  of  course,  that  combination  might  result  in  the 
*  >rmation  of  all  the  above  configurations,  in  which  case  there  would  be 
ix  isomerides  produced,  four  of  which  might  combine  in  pairs  to  pro- 
duce the  od-  and  a/-salts,  the  other  two  representing  the  fid-  and  pi- 
alts,  or  viae  eersd. 

Adopting  either  of  these  views,  it  will  be  seen  that  when  the  acidic 
ions  X  are  removed  there  are  left  two  pairs  of  enantiomorphously 
related  basic  ions,  namely,  I  and  IV,  and  II  and  III  ;  the  basic  ions  of 
the  four  isomeric  salts  should,  therefore,  have  two  numerically  different 
molecular  rotations,  namely,  ±x  and  ±y;  in  other  words,  the  mean 
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of  the  molecular  rotations  of  the  ad-  and  a/- salts,  and  the  mean  of  the 
molecular  rotations  of  the  pd-  and  /3/-isomeride8,  if  all  are  suflficiently 
dissociated,  should  be  the  same  and  also  identical  with  that  of  the 
c/-bromo-acid. 

Experiment  shows  that  this  is  not  the  case,  and  that  all  the 
yS-isomerides  have  molecular  rotations,  which,  judged  by  the  usual 
criteria,  are  highly  abnormal,  those  of  the  bromo-acid  being  much  too 
low,  those  of  the  chloro-acid  far  too  high  ;  unless,  therefore,  optical 
activity  is  conditioned  by  the  arrangement  of  the  atoms  and  groups 
around  the  nitrogen  atom,  which  hardly  seems  a  reasonable  supposition, 
it  may  be  inferred,  at  any  rate  provisionally,  that  the  abnormal 
optical  behaviour  of  the  salts  of  the  ^-series  is  due  to  incomplete  ionic 
dissociation. 

This  view,  that  the  salts  of  the  y3-series  are  less  dissociated  than 
those  of  the  a-series  in  solutions  of  equal  concentration,  is,  perhaps, 
perfectly  legitimate  on  theoretical  grounds  alone,  since  the  com- 
pounds are  stereochemical ly  isomeric,  and  considerable  differences 
between  such  compounds,  as,  for  example,  between  the  cis-  and  trans- 
forms of  acids,  are  known  to  exist. 

The  question  whether  the  existence  of  such  isomerides  as  those 
described  in  these  papers  is  a  purely  fortuitous  circumstance  or  a 
general  rule  is  no  doubt  one  of  considerable  interest ;  as  there  seems 
to  be  no  special  reason  why  hydrindamine,  methylhydrindamine,  and 
benzylhydrindamine  (compare  Trans.,  1901,  79,  430)  should  differ 
from  other  nitrogen  bases,  and  as,  of  the  only  other  bases  ((^phenyl- 
othylamine  and  /-menthylamine)  which  have  yet  been  carefully  ex- 
amined menthylamine  certainly  affords  such  isomerides,  the  author 
concludes  that  all  nitrogen  bases  may  give  rise  to  two  salts  corre- 
sponding with  those  of  the  a-  and  yS-series. 

When  these  salts  are  derived  from  an  optically  active  base  and  an 
optically  active  acid,  the  isomerides  may  differ  in  properties  to  a  very 
considerable  extent,  as  in  the  case  of  ad-  and  /S'i-hydrindamioe  chloro- 
camphorsulphonates,  or  they  may  be  so  closely  similar  as  to  be  barely 
separable,  as  in  the  case  of  the  methylhydrindamine  bromocamphor- 
sulphonates,  or  they  may  show  an  intermediate  behaviour ;  when, 
however,  only  the  acid  or  the  bise  is  optically  active,  the  isomerides 
may  exhibit  a  great  similarity,  and  probably  be  inseparable,  and, 
possibly,  indistinguishable  as  such.  When,  6nally,  both  aoid  and  base 
are  optically  inactive,  the  isomerides,  which  might  be  related  as  object 
and  mirror  image,  would  probably  be  indistinguishable  and  inseparable. 

The  objection  that  isomeridi^s  such  as  those  of  the  first  group  must, 
if  existing,  have  been  discovered  before,  has  little,  if  any,  weight ;  it 
is  very  doubtful  whether  many  such  salts  have  been  submitted  to  the 
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proloDg«U  ci  >M4»iii^i»U"ii  Miiivit  would  be  neceMary  to  effect  their 
MfMuratioii,  and  udIoss  the  preMooe  of  suoh  isomeridee  was  expected, 
thej  would  certainlj  escape  detection  ;  the  formation  of  two  isomeric 
partially  racemic  suits  from  suoh  acids  and  bases,  which  might  have 
led  to  the  disoovery  of  isomerides  of  the  type  NRjRfll,,  is  possibly  a 
rare  occurrence;  lastly,  it  must  be  borno  in  mind  that  suoh  isomerides 
cannot.be  separated  by  crystallising  from  water  or  aqueous  alcohol 
if  they  undergo  hydrolytio  dissociation  to  any  extent,  because  the 
more  soluble  would  be  transformed  into  the  less  soluble  modification. 

The  great  stability  of  the  isomeric  bromo-  and  ch1oro>camphor 
sulphonates,  and  the  fact  that  the  y3-salts  are  not  transformed  into 
thea-forms,  or  vio$  vertd,  in  aqueous  solution,  is  perhaps  at  first  sight 
contrary  to  preconceived  notions,  but  so  far  as  the  author  is  aware, 
there  are  no  known  facts  which  point  to  instability  in  the  molecular 
oon6guration  of  an  ion. 

leaving  these  salts,  it  is  of  course  obvious  that  isomerism  should  be 
observed  in  the  case  of  other  derivatives  of  quinquevalent  nitrogen. 
In  addition  to  that  of  the  optically  active  compounds  which  have 
been  isolatod  by  Pope  and  Peachey  (Trans.,  1899,  75,  1127),  the  only 
other  case  which  need  be  considered  here  is  that  of  the  isomeric 
optically  inactive  phenylbenzylallylmetbylammonium  iodides  described 
by  Wedekind. 

In  his  last  paper  (Ber.,  1903,33,  1158),  Wedekind  comes  to  the 
conclusion  that  quaternary  ammonium  salts  containing  one  asymmet- 
ric nitrogen  atom,  that  is  to  say,  salts  of  the  type  NR^R^R^Ii^U^, 
exist  in  general  in  only  one  optically  inactive  form,  and  refers  to  the 
isomerism  of  the  phenylbenzyiallylmethylammonium  salts  as  being 
"  noch  ein  Rathsel." 

This  conclusion,  apparently,  is  not  based  on  theoretical  grounds,  but 
on  the  negative  results  of  a  number  of  experiments  which  were  carried 
out  on  the  same  lines  as  those  which  previously  resulted  in  the  actual 
discovery  of  isomerides  ;  it  is  not  very  clear,  therefore,  why  conclusions 
drawn  from  negative  result^,  although  these  may  be  more  numerous, 
should  be  preferred  to  those  based  on  positive  ones. 

In  experiments  such  as  those  of  Wedekind,  everything  depends  on 
the  stability  and  solubility  of  the  quaternary  compounds  ;  it  seems  to 
be  not  impossible  that  a  tertiary  base,  NABC,  may  combine  with  an 
alkyl  iodide,  giving  two  salts  which  may  be  enantiomorphously  related, 
namely,  NA6CXY  and  NABCYX,  and  similarly  a  base,  NABX, 
may  give  N ABXCY  and  NA.BXYO  ;  of  these,  one  pair,  say  the  latter, 

tmore  stable,  or,  if  both  be  unstable,  less  soluble,  than  the  other  one  ; 
e  former,  in  solution,   undergoes  partial  dissociation,  giving  NABX 
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place.  If,  of  course,  both  the  quaternary  salts,  NABCXY  and 
NABXCY,  are  not  dissociated,  then  the  two  methods  of  preparation 
would  result  in  the  isolation  of  isomerides.  Whether  this  suggestion 
has  or  has  not  any  foundation  in  fact  it  is  difficult  to  say,  as  very 
little  is  yet  known  as  to  the  influence  of  the  solvent  and  of  the 
different  radicles,  and  nothing  at  all  as  to  the  influence  of  configura- 
tion on  the  stability  of  the  quaternary  salt ;  the  interesting  fact  that 
two  such  isomerides  of  different  configurations  may  differ  greatly  in 
stability  seems  to  have  just  been  established  by  Wedekind's  most 
recent  work. 

Is  it  not  possible,  morever,  that  stereochemical  isomerides  of  this 
type  might  be  so  similar  in  outward  properties  as  to  be  indistinguish- 
able) 

Considering  these  possibilities,  it  seems  premature  to  accept  any 
view  as  conclusive  until  more  is  known  regarding  the  conflguration  of 
nitrogen  and  of  other  quinquevalent  elements ;  even  with  respect  to 
trivalent  nitrogen,  the  experimental  evidence  is  most  conflicting.  On 
the  one  hand,  the  existence  of  isomeric  oximes,  (kc,  leads  to  the 
conclusion  that  the  three  nitrogen  valencies  are  7iot  situated  symme- 
trically in  one  plane ;  on  the  other,  no  case  is  known  of  the  existence 
of  isomeric  compounds  of  the  type  NRjRgRg,  which  is  a  probable, 
if  not  even  a  necessary,  consequence  of  Hantzsch  and  Werner's 
hypothesis. 

Mr.  G.  Tattersall,  B.Sc.,  has  taken  an  active  part  in  this  work 
(p.  918),  and  Mr.  A.  Hunter  has  rendered  very  able  assistance,  for 
which  the  author  desires  to  express  his  thanks. 

The  author  is  also  indebted  to  the  Goverment  Grant  Committee  of 
the  Royal  Society  for  a  grant  in  aid  of  these  investigations. 

University  College, 
Nottingham. 
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XCII. — Nitrocampftor  ami  its  DerivcUives,  V,  scstjui- 
Camphorylhydroxylaminc,  a  Pvodmt  of  the  Spoti- 
tatieous  Decomposition  of  Nitrotamplior,  VI. 
Cflmphofylaxime-anhydnde.  VII,  ff-Bromo-a-nitro^ 
camphor,    fi-  and  w-Bromocamplioryloximes,* 

I'v  r.  Martin  Lowrt,  D.Sc. 

V.      •MTMtCAMPnOBYLHYDBOXTLAMINB. 

In  Um  jetkT  1898,  a  quantity  of  nitrocamphor  was  prepared  by  reduc- 
iig  a-bromo-a'-nitrocamphor  with  an  alcoholic  solution  of  potassium 
lydroxide  in  the  manner  described  in  a  previous  paper  (Trans.,  1898, 
73,   995).      On  acidifying   the   alkaline   solution,  the   nitrocamphor 
separmted  as  an  oil  which  slowly  deposited  crystals ;  these  were  washed 
with  water  and  alcohol,  once  recrystallised  from  alcohol,  and  stored  in 
a  stoppered  bottle.     A  few  months  ago.  Dr.  Lapworth  drew  my  atten- 
tion to  the  fact  that  a  small  sample  which  I  had  sent  him  from  this 
bottle  no  longer  possessed  the  properties  of  nitrocamphor,  but  had  in 
some  way  undergone  a  change.   As  a  considerable  quantity  of  material 
was  available  and  a  number  of  interesting  changes  had  already  been 
investigated  (Trans.,  1898„73,  986,  991,  and  999  ;  1899,  76,  211),  it 
appeared  desirable  to  ascertain  what  products  might  be  formed  from 
this  new  and  unexpected  decomposition.    Before  describing  the  results 
of  the  investigation,  it  may,  however,  be  pointed  out  that,  like  so  many 
other  changes,  the  **  spontaneous  *'  decomposition  of  nitrocamphor  is 
dependent  on  the  presence  of  impurities.     The  main  stock  of  material, 
which  was  found  to  have  undergone  change,  was  sufficiently  purified 
for  all  ordinary  purposes,  but  possessed  a  slight  yellow  colour  and  a 
sweet  odour,  similar  to  that  of  the  oil  from  which   it  had  separated. 
By  crystallising  again   from  alcohol  and   from  benzene,  hard,  well- 
formed  crystals  can  be  obtained  which  are  quite  colourless  and  odour- 
less.    A  few  crystals   which   had   been   purified   in   this   way  were 
unchanged  at  the  end  of  five  years. 

In  order  to  ascertain  the  fate  of  the  nitrocamphor,  20  grams  of  the 
changed  material  and  5  grams  of  sodium  hydroxide  were  shaken  with 
water  and  purified  ether ;  a  portion  of  the  substance  dissolved  but  a  con- 
siderable amount  of  a  neutral  compound  was  left  which  was  insoluble 
in  alkali  and  only  sparingly  soluble  in  ether.  When  175  grams  of 
the  material  were  treated  in  this  way  and  the  ether  allowed  to  evapor- 

•  Preliminary  notices  of  the  resulU  recorded  in  the  present  commnnicstion  have 
ppeared  in  the  Proceedings,  1903,  19,  129,  150. 
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ate,  55  grams  of  the  neutral  substance  were  obtained,  whilst  the 
alkaline  liquors  yielded  85  grams  of  crystalline  nitrocamphor  and  a 
few  grams  of  a  non-crystalline  oil  similar  to  the  crude  nitrocamphor 
prepared  by  reducing  bromonitrocamphor  in  the  manner  already 
described. 

When  crystallised  twice  from  alcohol,  the  decomposition  product  was 
obtained  as  a  white,  microcrystalline  powder  which  melted  at  256°  to 
a  brown  oil ;  it  dissolved  in  acetone  to  the  extent  of  3*22  grams  in 
100  c.c.  of  solution  at  13°;  two  independent  determinations  of  the 
specific  rotatory  power  in  this  solvent  gave  [a]o  +33°  at  13°.  Its 
melting  point,  which  is  very  high  when  contrasted  with  that  of  other 
camphor  compounds,  and  its  slight  solubility,  indicated  that  condensa- 
tion of  two  or  more  molecules  of  nitrocamphor  had  taken  place,  and 
molecular  weight  determinations  in  boiling  benzene  solution,  made  at 
my  request  by  Mr.  F.  G.  Smith,  proved  the  correctness  of  this  view. 
Owing  to  the  limited  solubility  of  the  substance,  the  largest  rise  in  the 
boiling  point  was  only  0'2°,  and  exact  numbers  could  not  therefore  be 
expected,  but  the  values  obtained,  M  =  562,  581,  565,  589,  524,  and 
528,  mean,  558,  showed  clearly  that  the  decomposition  product  had 
been  formed  by  the  condensation  of  three  molecules  of  nitrocamphor 
for  which  M  =  197. 

The  values  obtained  on  combustion  suggested  that  the  condensation 
had  been  effected  by  the  elimination  of  two  molecules  of  water 
from  three  molecules  of  nitrocamphor,  but  nitrogen  determinations 
showed  that  one  of  the  three  atoms  of  nitrogen  had  been  eliminated 
(probably  by  oxidation  to  camphoric  acid),  and  th^t  the  formula  of  the 

substance   could   be  deduced   from    the    equation    CgHj^^C^QQ^O  + 

2CioHi50-N02  =  CgoH^gOgNg  +  HgO.  The  analytical  data  were  as  follows: 

I.     0-2171  gave  0-5129  CO^  and  01470  Hfi,     0  =  64-43;  H-7-47. 
11.     0-2336     „     0-5537  COj    „    0-1573  H^O.     0  =  6465;  H  =  7-40. 

III.  0-1514     „    0-3585  OOj    „    00995  H,0.     0-6456;  H« 7-35. 

OgoH^jOyNg  requires  0  =  6453 ;  H  -  7*31  per  cent. 
CsoH.AN,       „        0  =  64-47;  H  =  7-58        „ 

IV.  0-3413  gave  16  0  c.c.  moist  nitrogen  at  15°  and  746  mm.  N»5*28. 
V.     0-4871    „    22-2  c.c.        „  „        11°  „   769  mm.  N  =  5-43. 

Og^H^jOgNj  requires  5-02  per  cent. 

To  ascertain  whether  the  camphor  nucleus  had  undergone  change 
in  any  way,  experiments  were  made  on  the  oxidation  of  the  decom- 
position product.  In  the  first  experiment,  oxidation  was  effected  bj 
means  of  concentrated  nitric  acid  (sp.  gr.  1*42)  diluted  with  about  half 
its  bulk  of  water.     In  spite  of  its  high  melting  point,  the  substance 
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readilj  liquefied  in  the  boiling  acid  and  frothed  up  into  a  maM  of 
minute  bubblee,  a  oolourleas  gas  being  liberated,  although  not  in  large 
quantities.  The  oxidation  produot  remained  liquid  until  quite  cool, 
but  tolidified  when  washed  with  water  and  was  recrjstallised  from 
Meiie  aeid  and  from  alcohol.  It  had  a  lower  melting  point  (235^,  a 
lower  tpeoific  rotatory  power  ( +  22^),  and  a  greater  solubility  in  acetone 
than  the  original  material,  and  when  recovered  from  the  solution  in 
aoaione  was  burnt  under  the  impression  that  a  definite  oxidation  had 
oeeorred ;  the  analysis,  the  third  of  those  given  above,  agreed  excep- 
tionally well  with  those  of  the  original  substance,  and  it  was  then 
found  that  the  final  crystallisation  from  acetone  had  produced  an 
altogether  remarkable  e£Fect  in  freeing  the  substance  from  the  im- 
purities with  which  it  was  mixed,  and  had  raised  the  melting  point 
through  20^  to  that  of  the  pure  substance.  This  result  is  perhaps  due 
to  the  "  formation  of  a  compound  of  camphoric  acid  with  acetone " 
(Pope,  Trans.,  1896,  69,  1696)  and  proved  of  great  service  when  the 
synthesis  of  the  substance  was  attempted.  Oxidation  with  concen- 
trated nitric  acid  (sp.  gr.  1*42)  at  100^  gave  the  desired  result,  and 
the  well-crystallised  camphoric  acid  which  separated  from  the  acid 
solution  was  identified  by  its  appearance  and  melting  point  and  also 
by  conversion  into  the  anhydride  melting  at  215°. 

The  formula  deduced  for  the  decomposition  product  may  be  obtained 
by  subtracting  one  molecule  of  bydroxylamine  from  three  molecules 
of  nitrocamphor,  3C,QHj.iN03  =  03011^2^2^8  +  ^ ^3^»  ^^^  ***  ^**  there- 
fore thought  possible  that  this  base  might  be  present  in  the  changed 
material.  Tests  by  means  of  alkaline  copper  and  Nessler  solutions 
ga^e  no  indication  of  the  presence  of  either  bydroxylamine  or 
ammonia,  and  it  is  therefore  possible  that  the  elimination  of  a  nitrogen 
atom  depends  on  a  direct  atmospheric  oxidation  in  which  elementary 
nitrogen  is  produced,  and  not  on  a  process  of  hydrolysis. 

More  important  is  the  fact  that  the  substance  has  the  empirical 
composition  of  a  camphoric  ester  of  nitrocamphor,  for  the  oxidation 
experiments  show  that  no  profound  decomposition  has  taken  place,  and 
the  only  formulas  that  are  reasonably  possible  are  those  which  would 
represent  it  as  the  camphoric  ester,  either  of  nitrocamphor, 

of  jMSHctonitrocamphor,  OgUi^^I^  ,  or  of  the  isomeric  cam- 

*  The  formahi  here  employA  maj  be  conveniently  used  to  exprees  in  a  non- 
controversial  manner  the  three  formal*  that  hare  been  proposed  for  the  pteudih 

pounds,  namely,  )>C:N-0-OH,  >C:N(f       ,  and  >C<G 

3  s  2 


or 


i^Mutro-com; 


956  LOWRY;   NITROCAMPHOR   AND  ITS  DERIVATIVES. 

'C:noh 


phoryloxime,  CgHj^<l_lQQ ^0.*  Of  these,  the  6r8t  is  very  improb- 
able, for  derivatives  of  normal  nitrocamphor  have  only  been  prepared 
either  by  the  action  of  halogens  or  by  indirect  methods,  and  there  is 
no  reason  to  suppose  that  in  this  case  esterification  would  lead  to  the 
formation  of  the  so-called  "  carbon  ether." 

The  second  formula,  although  more  worthy  of  consideration,  cannot 
be  reconciled  with  the  low  rotatory  power  of  the  substance,  or  with 
its  great  stability  when  heated  alone  or  when  boiled  with  alcoholic 
potash,   as   compared    with    the    anhydride   of    /7«eu(/onitrocamphor, 

0  NO!  C<^V^  ^*     ,  which  very  readily  yields  camphorquinone  under 

these  conditions ;  tlie  ester  is  also  unchanged  when  heated  with  con- 
centrated hydrochloric  acid.  The  third  formula  is  rendered  very 
probable,  not  only  by  the  process  of  exclusion,  but  also  because  on 
attempting  to  prepare  acyl  derivatives  of  pseudonitroc&mphor ,  either 
by  the  action  of  benzoyl  chloride  on  the  potassium  salt  or  by  heating 
the  nitro-compound  with  acetic  anhydride  and  sodium  acetate, 
derivatives  of  the  isomeric  camphoryloxime  are  always  produced 
(Trans.,  1898,  73,  999). 

The  constitution  of  the  decomposition  product  having  been  thus 
clearly  indicated,  an  attempt  was  made  to  prepare  it  synthetically  by 
heating  1  gram  of  the  oxime  and  04  gram  of  camphoric  acid  at  170° 
during  2  or  3  hours ;  a  dark  product  was  obtained  which  was  entirely 
soluble  in  alkalis,  showing  that  no  ester  had  been  formed.  In  a 
second  attempt,  sulphuric  acid  was  employed  as  a  "condensing  agent," 
and  the  mixture  was  heated  until  bubbles  of  gas  were  evolved  ;  the 
product  in  this  case  was  readily  soluble,  not  only  in  alkalis,  but  also 
in  water,  and  apparently  both  the  acid  and  the  oxime  were  coDverted 

into  sulphocamphoric  acid,  CgHj^<^PQ3„,  carbon  dioxide  being  elim- 
inated. In  a  third  and  successful  attempt,  made  to  synthesise  the 
compound  by  the  Schotten-Baumann  method  from  camphoryl  chloride 
and  camphoryloxime,  the  camphoryl  chloride  from^O'8  gram  of  camphoric 
acid  was  mixed  with  water  and  then  with  1  gram  ( »  1  mol.  or  half 
the  theoretical  quantity)  of  the  oxime  and  enough  sodium  hydroxide 
to  keep  the  solution  alkaline.  A  solid  soon  separated,  and  the  mix- 
ture was  left  for  5  days  in  order  to  remove  the  last  traces  of 
camphoryl  chloride.  The  product  was  then  drained,  crystallised  from 
spirit  and  from  acetone,  and  found  to  be  identical  with  the  ester  from 
nitrocamphor. 

*  0«inphorylozime  might  also  bo  represented  by  the  symmetrical  formala 
CsHu<8o>NO". 
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The  tubaUooe,  which  ii  thus  showa  to  be  the  camphorio  ester  of 
eMaphorjlozime,  is  a  derivative  of  hydrozjUmioe  in  which  the  whole 
of  the  hydrogen  is  displaced  hj  camphoryl  radicles  and  it  preeiselj 
aoalogotts  to  tribemoylhydrozylamine,  NBs,*OBs  ;  it  is  therefore  pro- 
posed to  call  it  Bmqnicamphorylhjfdraxt/lamine,  The  eztct  formula  of 
the  substance  is,  however,  involved  in  the  old  controversy  as  to  whether 
the  derivatives  of  dibasic  acids  should  be  represented  by  symmetrical 
or  by  onpymmetrical  formulae,  and  it  would  be  possible  to  adopt  either 

the  wholly  symmetrical   formula,  C8Hij'^C0-0-N<^^CgHiJ  ,  or 

the  wholly  unsymmetrical  formula, 

co<2!^li>c[o-N:cK^l^^      , 

bot  as  the  esters  of  dibasic  acids  appear  to  be  usually  of  the  Ryro- 
metrical  type,  and  camphoryloxime  is  best  represented  by  an  unsym- 
metrical formula,  a  preference  should  perhaps  be  given  to  the  mixed 
formula  for  the  ester, 

CgH,rco-o-N:c<2!5ii>co] . 

VL      CAMPnORTLOXIIIE-ANnYDRIDK. 

When  nitrocamphor  is  boiled  with  concentrated  hydrochloric  acid» 
the  greater  part  passes  into  solution  and  is  converted  into  the  iso- 
meric camphoryloxime, 

(Trans.,  1898,  73,  999),  by  an  isomeric  change  of  the  Beckmann  type 
precisely  analogous  to  that  by  which  tsonitrosocamphor  is  converted  into 

camphorylimide,    CgH,,<J^  -^  ^s^u<2qqZ>^       (Claisen 

and  Manasee,  AnnaUny  1893,  274,  73).  But  as  Cazeneuve  pointed 
out  in  the  paper  in  which  the  isomeric  change  was  first  described 
(BuH  Socehim.,  1889,  [iii],  1,  417),  nearly  10  per  cent,  of  the  sub- 
stance used  is  oonverted  into  a  resinous  product  which  is  insoluble  in 
water.  When  preparing  the  oxime  from  nitrocamphor  with  a  view  to 
establishing  its  constitution  (loc.  oil.),  a  considerable  quantity  of  the 
insoluble  material  was  accumulated,  and  this  was  recently  examined 
in  order  to  ascertain  whether  it  might  not  be  identical  with  the  teaqui- 
camphorylhydroxylamin^described  above. 

The  crude  material  dissolved  readily  in  alcohol,  and,  on  cooling,  the 
solution  deposited  crystals  of  a  sparingly  soluble  substance,  which, 
when  crystallised  three  times  from  alcohol,  softened  at  215""  and  melted 
at  220°.     Its  specific  rotatory  power  was  found  to  be  [o]o  +26*4''  at 
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15°  in  a  solution  in  acetone  containing  2*9  grams  in  100  c.c.  Analysis 
showed  that  this  substance  had  the  composition  of  an  anhydride  of 
nitrocamphor : 

♦0-1630  gave  0-3787  COg  and  0-1065  Kfi.     0  =  63-36  ;  H=x7-31. 
C2oH280j,N2  requires  C  =  63-79  ;  H  =  7-50  per  cent. 

A  nitrogen  determination  with  the  once  crystallised  substance  gave 
a  value  slightly  below  the  theoretical  (found  6-9,  calculated  7-46  per 
cent.).  As  normal  nitrocamphor  contains  no  hydroxyl  group  and  the 
anhydride  of  /JseucZo nitrocamphor  has  already  been  described  (loc.  cit.f 
p.  996),  the  compound  of  which  the  formation  is  now  recorded  must 
be  regarded  as  the  previously  unknown  anhydride  of  the  camphoryl- 
oxime  which  forms  the  main  product  of  the  action.  If  the  unsym- 
metrical  formula  be  adopted  for  the  oxime,  the  anhydride  must  be 

written  C0<^8^^11>C:N-0-N:C<^^^11>C0.   This  formula  is  fully 

in  accordance  with  the  properties  of  the  substance,  which  differs  from 
the  isomeric  anhydride  of  ^^sew^onitrocamphor  in  that  it  yields  no  trace 
of  camphorquinone  either  when  heated  alone  or  when  warmed  with  al- 
coholic potash,  and  does  not  possess  the  high  dextrorotatory  power 
which  characterises  the  derivatives  of  pseudomtroca.niiphor. 

The  formation  of  an  anhydride  from  camphoryloxime  takes  place 
much    less  readily  than  in  the  case  of   nitrocamphor  or  isonitroso- 
camphor  (Forster,  this  vol.,  p.  530),  and  it  appeared  possible  that  this 
anhydride  had  been  formed  by  isomeric  change  from  the  anhydride 
of    pseudonitroc&miphor,    a    compound   which    might   conceivably    be 
produced  in  the  initial  stages.     This  isomeric  change  was,  however, 
found  not  to  take  place  under  the  conditions  of  the  action,  and  the 
production  of  the  anhydride  cannot  therefore  be  explained  in  this 
way.     Neither  can  it  have  been  formed  by  the  dehydration  of  the 
oxime,  for  the  amount  of  resin  produced  is  not  increased  by  prolonged 
heating  of  the  strongly  acid  solution,  and,  moreover,  no  resin  whatever 
is  produced  when  the  pure  oxime  is  heated  with  concentrated  hydro- 
chloric  acid.     The   production   of    the  anhydride  must  therefore  be 
ascribed  to  the  condensation  of  some  intermediate  product  of  change, 
such,  for  instance,  as  the  little  understood  hydrochloride  described  by 
Cazenouve  (ibid.f  p.  243),  unless,  perchance,  the  violence  of  the  action 
in  its  initial  stages  is  capable  of  bringing  about  a  condensation  of 
camphoryloxime  which  does  not  take  place  under  more  usual  conditions. 

The  analogy  between  camphoryloxime,  CqH^ i"^^ '  qq    \>0*  and 

*  This  analysis  wna  carried  out  with  tho  help  of  the  potash  absorption  apparatus 
recently  described  by  Wetxol  {Ber.^  1903,  86,  162) ;  tho  analysis  was  made  exceed- 
ingly rapidly,  and  tho  combustion,  in  both  air  and  oxygen,  was  completed 
witliiu  26  uiuutus,  a  further  time  being  allowed  for  displacing  the  oxygen  by  air. 
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C^NOH 
ifoniiroaooamphor,  ^s^u^X^        *  ^>  perhapt  more  apparent  than 

rtal,  for  the  introduction  or  removal  of  the  acidic  oxygen  atom  entirely 
alters  the  ehemical  properties  of  the  substance.  It  appeared,  however, 
to  be  deeirable  to  aeoertain  whether  some  of  the  many  methods 
nmd  bj  bottler  for  preparing  the  anhydride  of  isonitrosocamphor 
ooold  be  suooessfully  applied  to  camphoryloxime.  The  method 
reooaaieDded  by  Forster  as  being  the  best  for  the  purpose  oon- 
■iati  in  boiling  the  bensoyl  derivative  and  the  potassium  salt  of 
the  osime  together  in  a  neutral  solvent  such  as  benzene  ;  accordingly 
6  gimms  of  bensoyleamphorylhydrozylamine  wero  dissolved  in  benzene 
and  boiled  during  12  hours  with  a  slight  excess  of  the  potassium  salt 
of  camphoryloxime ;  on  61tering  the  solution,  the  benzoyl  derivative 
was  reeovered  unchanged  and  no  formation  of  anhydride  had  taken 
plaoet  An  attempt  was  also  made  to  prepare  the  anhydride  by  shaking 
an  aqoeoos  solution  of  the  sodium  salt  with  a  mixture  of  ether  and 
acetic  anhydride,  but  this  also  gave  a  negative  result,  the  oxime  being 
ooQTerted  quantitatively  into  the  acetyl  derivative. 

Another  unsuccessful  attempt  was  made  to  prepare  the  anhydride 
by  the  action  of  1  mol.  of  phosphorus  pentochloride  on  2  mols.  of  the 
potassiiun  salt  of  the  oxime,  as  in  the  preparation  of  acetic 
anhydride;  interaction  took  place,  and  the  mixture  became  very 
viscid,  but  on  diluting  with  water  nearly  the  whole  of  the  material 
dissolved,  leaving  behind  only  a  small,  flocculent  precipitate,  the 
amonnt  of  which  was  insufficient  to  allow  of  its  being  identi6ed  with 
the  anhydride. 

The  successful  preparation  of  the  anhydride  of  the  oxime  was 
accomplished  by  an  altogether  unexpected  method.  In  the  course 
of  the  investigation  of  the  constitution  of  camphoryloxime  ('*campho- 
nitrophenol "),  which  has  already  been  mentioned,  an  attempt 
was  made  to  brominate  the  compound.  The  oxime  (10  grams) 
was  dissolved  in  an  excess  of  potassium  carbonate  and  bromine  was 
added  ontil  it  gave  a  permanent  coloration ;  a  white  compound  was 
precipitated  which  separated  from  alcohol  in  a  viscous  condition  and  was 
theretore  redissolved  and  poured  into  water.  Shortly  afterwards,  a 
clue  was  obtained  as  to  the  real  nature  of  the  oxime  and  the  bromin* 
ation  product  was  put  aside,  and  was  not  further  examined  until  quite 
recently.  It  was  then  found  that  the  crude  material  contained  very 
little  bromine,  and  separated  as  a  crystallinf  deposit  on  allowing  an 
alcoholic  solution  to  evaporate.  The  separated  solid  was  recrystallised 
three  times  from  alcohol  and  was  found  to  be  identical  with  the 
anhydride  obtained  as  a  bye -product  in  the  preparation  of  the  oxime. 
The  substance  prepared  by  bromination  melted  in  exactly  the  same 
manner  as  the  latter,  sintering  over  about  5^  and  melting  indefinitely 
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with  partial  decomposition  to  a  light  brown  liquid  ;  when  the  two 
specimens  were  heated  together,  the  bromination  product  melted  about 
3°  higher  than  the  other,  but  the  specific  rotatory  powers  of  the  two 
preparations  agreed  exceedingly  closely,  the  bromination  product 
giving  [a]o  +26  7°  at  14°  in  a  solution  in  acetone  containing  2  grams 
in  100  c.c,  whilst  the  value  given  above  for  the  bye-product  from  the 
preparation  of  the  oxime  is  [a]o  +26'4°. 

The  compound  now  described  is  of  interest  as  affording  yet  another 
illustration  of  the  extraordinary  fertility  of  nitrocamphor  in  yielding 
new  substances,  often  of  unknown  types,  and  undergoing  changes  for 
which  no  precedents  are  available.  The  most  important  of  these 
changes  are  summarised  in  the  scheme  given  below,  but  it  may  be 
added  that  the  anhydride  only  forms  about  10  per  cent,  of  the 
resinous  bye-product,  or  1  per  cent,  of  the  weight  of  nitrocamphor 
used,  and  it  is  at  least  possible  that  the  remaining  9  per  cent,  which 
is  unaccounted  for,  may  be  found  to  yield  other  new  derivatives. 


Nitrocamphor.  Stereoisomeric  bromonitrocamphors. 

^»ei*<ioNitrocamphor.  Anhydride  of  psiudoniiTocam^hoT. 

Y 

co<^8^i£>c:NOH  and  co<^«^Eil>c:N-o-N:c<^8HH>oo 

Caniphoryloxime.  Camphoryloxime-anhydrido. 

~^co<^8j[^c:N-o-co-C8H,,.co-o-N:c<^85i£XJO 

awgria'Camphorylhydroxylaniine. 
VII.   ^-BROMO-a -NITROCAMPHOR,    0-    AND    Tr-BROMOOAMPHORTLOXIMIS. 

The  results  which  have  followed  from  the  investigation  of  nitro- 
camphor, and  especially  the  discovery  of  the  method  of  studying 
dynamic  isomerism  by  m^ns  of  the  mutarotation  of  freshly  prepared 
solutions,  have  lent  a  great  interest  to  all  those  optically  active  sub- 
stances in  which  similar  phenomena  are  likely  to  be  observed.  The 
method,  introduced  for  the  first  time  in  the  case  of  nitrocamphor,  is 
easier  to  carry  out,  and  is  of  wider  applicability  than  any  of  the 
methods  which  are  available  for  the  study  of  optically  inactive  com- 
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|M>uDda,  and  bj  iU  help  it  is  poMible  to  detect  with  oertaiotj  oeaet  of 

ieomerie  change  in  which  the  Telocity  of  change  ia  fo  great  that 

eqoilihriam  is  reached  within  a  few  minutes,  or  in  which  the  extent  of 

the  change  is  so  small  that  the  presence  of  an  isomeride  could  scarcely 

be  detected  by  any  other  method.    The  camphor  nucleus  lends  itself 

in  a  remarkable  way  to  the  production  of  substanoes  repreienting 

nearly  every  type  of  dynamic  isomerism,  and  with  its  help  the  method 

has  abedldy  been  successfully  applied,  not  only  to  the  study  of  the 

iaomerism  of  the  nitro-compoands,  but  also  to  that  of  the  hydraxones 

and  aao-eompounds  (Lapworth  and  Hann,  Trans.,  1902,  81,  1508),  the 

diketones  (Forster,  Trans.,  1901,  79,  987),  and   the  ozimes  (ForsUr, 

this  vol.,  p.  5U),  whilst  Lapworth  and  Uann  (Trans.,  1902,  81,  1491, 

1499)  have   recently  investigated  the  optically  active   analogues  of 

ethyl  aoetoacetate  and  ethyl  formylphenylacetate. 

The  isomerism  of  the  nitro-derivatives  of  camphor  has  already  been 

somewhat  fully  studied,  but  in  view  of  the  great  advance  which  resulted 

from  the  extension  of  the  investigation  of  nitrocamphor  to  that  of 

its  r-bromo-derivative,  and  the  still  greater  differences  which  were 

CH'NO 
observed  between  nitrocamphor,  CgHj^<^Y  *,  and  nitrocamphane, 

^8Hi4<Arj!vTQ    (Forster,  Trans.,  1900,77,  251)— compounds  which 

scarcely  differ  except  in  the  replacement  of  the  CO  by  the  CH^  group, 
and  yet  are  altogether  different  in  chemical  behaviour  and  in  the 
character  of  the  equilibrium  between  the  normal  and  pseudo-forms — it 
appeared  to  be  very  desirable  to  continue  the  investigation,  and  to 
prepare,  if  possible,  the  /3-bromo-derivative  of  nitrocamphor. 

CBr'NO 

o^Dibromo-a'-nitrocamphor,  CgHjjBr^JlL^  *,  was  prepared 
many  years  ago  by  Kachler  and  Spitzer  {MonaUh.,  1882,  3,  218 ;  1883, 
4,  566)  by  boiling  a/3-dibromocamphor,  CgHjjBr^lL      ,  with  concen- 

'  rated  nitric  acid,  but  for  more  than  twenty  years  nothing  further  was 
>De  with  the  yS-derivatives  of  camphor  until  new  methods  of  prepara- 
tion led  to  the  discovery  of   the  parent  substance,   OgU|,Br^l!r^ 

Armstrong  and  Lowry, Trans.,  1902,  81,  1464  ;  Forster,  ibid.,  p.  264), 
and  to  the  determination  of  its  constitution.  Vnlike  the  v^bromo-com- 
pounds,  the  /3-bromo-derivatives  of  camphor  are  very  sensitive  to  the 
action  of  hydrolysing  and*  reducing  agents,  so  much  so  that  the 
whole  of  the  /3-bromine  can  be  eliminated  by  the  action  of  alcoholic 
potash  (Kachler  and  Spitzer,  loc.  cit.  ;  Forster,  loe.  cit.,  p.  270), 
and  a  considerable  proportion  is  liberated  when  the  substances  are 
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oxidised  with  nitric  acid  (Armstrong  and  Lowry,  loc.  cit.,  p.  1467). 
In  attempting  to  reduce  the  dibromonitro-compound,  it  was  therefore 
necessary  to  proceed  very  cautiously,  and  it  was  a  matter  of  satisfac- 
tion when  it  was  found  that,  by  using  the  theoretical  quantity  of 
alcoholic  potash  or  sodium  ethoxide,  the  reduction  could  be  readily 
effected,  and  gave  a  solid  product  as  in  the  case  of  the  isomeric 
ir-bromonitrocamphor. 

As  might  perhaps  have  been  anticipated,  ^-bromonitrocamphor 
differs  widely  from  nitrocamphor,  but  closely  resembles  the  7r-bromo- 
derivative.  Thus  the  pseudo,  not  the  normal,  form  separates  from 
solution  on  slow  crystallisation,  whereas  mixtures  of  the  two  forms 
are  produced  by  rapid  crystallisation ;  it  has  not  been  found  possible, 
as  yet,  to  isolate  the  normal  form  either  by  rapid  evaporation  of 
tho  solution  and  mechanical  separation  of  the  crystals,  as  in  the 
case  of  TT-bromonitrocamphor,  or  by  making  use  of  hydroxylic  solvents, 
as  in  the  case  of  the  oximes  described  by  Dr.  Whiteley  (this  vol., 
p.  34).  Again,  the  *  equilibrium  temperature'  (Trans.,  1899,  76, 
233)  at  which  tho  solid  pseudo-form  is  in  stable  equilibrium  with 
the  liquid  mixture  can  be  readily  observed,  as  in  the  case  of  the 
TT-bromo-compound,  by  fusing  the  substance,  allowing  it  to  crystallise 
by  cooling,  and  noting  the  temperature  at  which  the  solid  melts 
when  again  heated ;  nitrocamphor,  as  has  already  been  pointed  out 
{loc.  cit.y  p.  233),  does  not  crystallise  when  cooled  after  fusion.  Other 
points  of  resemblance  will  be  noted  later,  and  it  is  quite  possible  that 
the  interesting  results  which  have  accrued  from  the  study  of  ^-bromo- 
nitrocamphor  might  have  followed  with  equal  readiness  from  7r-bromo- 
nitrocamphor  if  there  had  been  the  same  motive  for  resuming  the 
study  of  this  substance  as  there  was  for  investigating  its  unknown 
)3-isomeride. 

The  remarkable  isomeric  change  which  nitrocamphor  undergoes 
when  heated  with  concentrated  hydrochloric  acid  (Cazeneuve,  BtUL 
Soc.  chim.f  1889,  [iii],  1,  417)  and  when  benzoylated  or  acetylated 
(Trans.,  1898,  73,  999)  has  already  been  shown  to  be  a  normal 
Beckmann  change,  the  product  being  identified  as  an  oxime  of 
camphoric  anhydride.  A  similar  change  has  been  observed  by 
Lapworthand  Kipping  (Trans.,  1896,  69,  318)  in  the  case  of  ir-bromo* 
nitrocamphor,  although  at  the  time  the  nature  of  the  change  was  not 
understood;  as  the  necessary  material  was  available,  and  it  was 
desirable  to  prepare  the  acetate  and  benzoate  of  Lapworth's  compound 
for  comparison  with  the  isomeric  )3-compounds,  the  oxime  of  v^bromo- 
camphoric  anhydride  was  prepared  synthetically,  as  well  as  from 
TT-bromonitrocamphor,  and  its  constitution  was  further  established 
by  hydrolysing  it  to  hydroxy lamine  and  ir-bromocamphoric  acid. 
/3-Bromonitrocaniphor  undergoes  a  similar  isomeric  change,  although 
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l«fi!i  readily  than  mtrocamphor ;  this  difforenco  might  be  explained 
M  beioK  dae  to  the  higher  melting  point  of  the  substance,  but  it  is 
more  likelj  that  the  bromine  atom  has  a  definite  action  in  retarding 
the  isomerie  change.  This  riew  receives  support  from  the  fact  that 
■whilst  nitrocamphor  can  be  aoetylated  or  benzoylated  without  difficulty, 

Iding  the  acetyl  or  bensoyl  derivative  of  camphoryloxime,  Lapworth 
and  Kipping  have  shown  (ibid.f  p.  314)  that  T-bromo;>«eu<^Ditit>- 
ramphor  ban  be  boiled  with  acetyl  chloride  or  acetic  anhydride  without 
::dergoing  change,  and  it  has  also  been  found  that  p-hromopaeudo- 
nitrocamphor  yields  no  trace  of  a  benzoyl  derivative  when  an  aqueous 
solution  of  its  potassium  salt  is  shaken  with  benzoyl  chloride.  A 
further  illustration  of  the  inhibiting  effect  of  the  bromine  atom  on 
the  general  reactivity  of  the  compound  is  afforded  by  the  impossibility 
of  preparing  an  anhydride  from  fi-  or  Tr-bromoDitrocamphor,  although 

trocamphor  and  t«onitrosocamphor  readily  yield  such  compounds. 

Mention  must  also  be  made  of  the  important  inOuence  exercised  by 
the  ketonic  group  in  this  series  of  compounds.  This  will  be  brought 
out  meet  clearly  if  a  comparison  be  made  between  nitrocamphor 
and  its  bromo-derivatives  on  the  one  hand,  and  nitrocamphane  on 
the  other.  The  effect  on  the  equilibrium  between  the  normal  and 
pseudo-forms  is  very  striking,  for  whereas  in  the  absence  of  a  keto- 
group,  /ifetMfonitrocamphane  is  a  labile  compound  and  passes  completely 
into  the  normal  form  in  the  course  of  a  few  hours,  normal  nitro- 
camphor undergoes  in  solution  a  partial  isomeric  change  in  the 
reverse  direction,  and  in  the  P-  and  7r-bromo-derivatives  the  effect  of  the 
keto-group  is  so  far  reinforced  by  the  bromine  atom  that  the  pseudo- 
form  is  actually  the  one  that  is  stable  in  contact  with  the  solution. 
The  keto-group  also  appears  to  be  directly  concerned  in  the  isomeric 
change  to  camphoryloxime,  for  in  the  absence  of  this  group  the 
ixitassium  salt  of  />sett^oitrocamphane  can  be  completely  benzoylated 

ithout  passing  into  the  oxime.  The  suggestion  (Trans.,  1898,  73, 
lUOO)  that  in  this  case  the  pseudo,  not  the  normal,  form  is  that 
which  undergoes  change,  receives  support  from  the  fact  that  normal 
nitrocamphane,  which  has  no  tendency  to  pass  into  the  pseudo-form, 
can  be  dissolved  in  concentrated  sulphuric  acid,  and  reprecipitated 
unchanged  by  diluting  with  water. 

The  work  on  nitrocamphor  and  its  derivatives  acquires  additional 
interest  from  the  many  opportunities  that  occur  of  comparing  and 
contrasting  their  behaviour  with  that  of  the  analogous  Monitroso-com- 
pounds  which  are  being  investigated  by  Forster.  The  chief  results 
of  the  comparison  may  be  briefly  stated  as  follows  :  (1)  The  produc- 
tion of  two  benzoyl  derivatives  from  Monitrosocamphor  places  it  in  an 
intermediate  position  between  /Meto^nitrocamphor,  which  undergoes 
complete     isomeric     change,    and     /isetMZonitrocamphane,    which    is 
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unchanged  when  benzoyl ated  ;  the  resemblance  is  most  obvious  if  the 
formation  of  Forster's  colourless  benzoate  is  regarded  as  a  sequel  to 
the  benzojlation  of  the  isooxime  thus  : 


N-OH 


N-OBz 


C.H„<^<,:)         -^[C,H,4<,:,        J->C,H..<^NOBz)>o 


^ 


<.NBz- 


C.H„<^«0^0 


C8Hi4<L*^*^"    \  (ColonrlMS.) 


•60 


CsHh^^^  (Yellow.) 


(2)  The  comparison  also  raises  the  question  as  to  the  formulae  to  be 
assigned  to  the  ^sewcfonitro-compounds,   for  if   these   be  written  as 

>>CIN<^QTT  the  isooximes  ought  also  to  be  formulated  as  >^CINHIO, 
but  if  the  t«ooximes  be  represented  in  the  usual  way,  >C<^  J      ,  then  the 

jt)sewc?onitro-compounds  should  also  be  indicated  by  ^C<^  • 

(3)  The  question  is  also  raised  as  to  whether  it  is  the  normal  or  the 
pseudo-form  of  the  oxime  that  undergoes  the  Beckmann  isomeric  change; 
the  view  usually  taken  is  that  the  normal  formis  that  which  is  directly 
concerned,  but  the  alternative  view  is  at  least  entitled  to  careful  con- 
sideration. (4)  Finally,  it  will  be  of  interest  to  know  whether  the 
analogy  can  be  extended  to  the  mutarotatory  form  of  i«onitroso- 
camphor  (Forster,  this  vol.,  518)  by  regarding  the  two  modifications 
as  the  normal  and  pseudo-forms  of  the  oxime  rather  than  as  stereo- 
isomerides. 

(i-]iromonitrocamphor. — Five  grams  of  well-crystallised  dibromonitro- 
camphor  were  dissolved  in  50  grams  of  absolute  alcohol  and  the 
theoretical  quantity  of  potassium  hydroxide  was  added  in  concen- 
trated aqueous  solution  ;  the  mixture  was  boiled  during  2  or  3  minutes 
until  potassium  bromide  separated,  and  was  then  poured  into  water. 
On  the  next  day,  a  small  amount  of  solid,  afterwards  found  to  be  tri* 
bromocamphor,  had  separated,  and,  after  extracting  the  alkaline 
solution  with  ether  in  order  to  remove  a  small  amount  of  oily  impurity, 
the  nitro  compound  was  precipitated  by  hydrochloric  acid,  left  for  a 
day  to  separate  completely,  and  then  drained  and  crystallised  from 
spirit.  In  the  later  experiments,  the  reduction  was  efifected  in  absolute 
alcoholic  solution  by  means  of  the  calculated  quantity  of  sodium  v 
but  even  when  all  possible  precautions  were  taken  a  considerabl* 
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■■tonal  oecorrad ;  the  yield  of  cryntaH%n/$  dibromonitrocatnphor  obtained 
after  broroiDating  /9-bromocamphor,  boiling  with  nitric  ncid,  and  orye- 
ialliMUg  the  product  of  nitration  from  acetic  acid  is  about  45  per  cent, 
of  the  weight  of  bromocamphor  used,  and  the  yield  of  bromonitro- 
eamphor  ia  about  one-third  of  the  weight  of  dibromouitrocamphor 
•nployed  in  the  reduction.  /3-Bromonitrocamphor,  prepared  in  this 
way,  was  obtained  as  a  crystalline  powder,  which  wok  found  to  consist 

of  a  mixture  of   the  normal   and   pseudo-forms,  CgHjgBr<^V    '^^t 

C'NO'OH 
and  C,H,jBr<ll  ;  it  softened  at  100°  and  melted  indefinitely 

at  about  114^  but  when  allowed  to  crystallise  after  fusion  it  remelted 
sharply  at  100°;  this  is,  therefore,  the  'equilibrium  temperature'  at  which 
the  solid  pseudo-form  is  in  stable  equilibrium  with  the  liquid  mixture ;  the 
crystalline  powder  obtained  by  rapid  crystallisation  contained  a  slightly 
larger  proportion  of  the  pseudo-form  than  that  which  is  normally 
present  in  the  solution,  and  freshly-prepared  solutions  exhibited  muta- 
rotation. 

0-2326  gave  01617  AgBr.     Br-29-6  (calc.  290  per  cent.). 

Thepseu<io-form  was  obtained  in  a  pure  state  by  slow  evaporation  of  a 
solution  of  the  nitro-com pound  in  benzene  or  ethyl  acetate  ;  it  melted 
at  132°,  but  decomposed  slightly  at  this  temperature,  and  remelted  at 
or  below  96°,  according  to  the  length  of  time  during  which  it  had  been 
heated  ;  the  extent  to  which  the  decomposition  had  proceeded  could  be 
gauged  by  the  increase  in  the  intensity  of  the  yellow  colour  of  the 
materia],  which  probably  decomposes  into  )S-bromocamphorquinoDe. 
Attempts  were  made  to  isolate  the  iwrmal  form  by  crystallising  from 
hydroxy  lie  solvents,  but  these  were  not  successful,  for  a  solution  in 
methyl  alcohol  yielded  a  mixture  of  the  two  forms  on  slow  evaporation, 
and  a  solution  in  formic  acid  apparently  gave  rise  to  the  isomeric 
oxime,  for  on  diluting  with  water,  after  an  interval  of  two  or  three 
weeks  during  which  no  crystallisation  had  taken  place,  the  greater 
part  of  the  material  remained  in  solution,  and  the  small  amount  which 
separated  was  entirely  different  in  its  properties  from  the  original 
bromonitrocamphor.  A  solution  in  acetic  acid  gave  the  pure  pseudo« 
form  on  slow  crystallisation. 

The  polastium  salt,  C,qH,4N03K,2H20,  of  the  pseudo-form  separated 
from  water  in  glistening  needles.  The  specific  rotatory  power  of  an 
aqueous  solution  containing^O'7043  gram  of  the  dry  potassium  salt  in 
15  C.C.  of  solution  was  found  to  be  [a]©  -I-  91°  at  12° ;  or  if  the  specific 
rotatory  power  be  reckoned  on  the  /3>bromonitrocamphor  contained  in 
the  salt,  the  value  fo?  the  pi«u^nitro-compound  in  this  form  would  be 
[a]o  -1-103°. 
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0-8010  lost  00791  moisture. 

H20=  11*0  (on  dry  salt);  calculated,  11  42  per  cent. 

An  attempt  to  prepare  the  benzoate  of  p-hromopsetidonitrocsLmTphor 
by  the  Schotten-Baumann  method  gave  only  a  negative  result ;  the 
benzoyl  chloride  passed  gradually  into  the  solution,  leaving  no  trace  of 
an  insoluble  benzoyl  derivative.  Similarly,  it  was  not  found  possible 
to  prepare  an  anhydride  of  the  pseudo-form  by  heating  above  the 
melting  point.  In  both  these  respects,  ^-bromonitrocamphor  differs 
from  nitrocamphor,  but  behaves  in  the  same  way  as  the  isomeric 
ir-bromo-compound. 

p-Bromocamphoryloxiine^  Q^-^^v<^      PO     ^^«  ^^^  prepared  by 

heating  ^-bromonitrocamphor  with  concentrated  hydrochloric  acid  in  a 
water-bath  during  half  an  hour ;  nearly  the  whole  of  the  substance 
passed  into  solution  and  was  separated  by  filtration  from  a  little  resin 
which  was  formed  as  a  bye-product  (compare  p.  957)  ;  on  diluting  the 
filtrate  with  water,  the  oxime,  which  is  readily  soluble  in  strong  hydro- 
chloric acid,  but  very  sparingly  so  in  water,  was  precipitated  in 
minute  needles  which  were  drained  and  washed  with  a  little  cold  water. 
Like  camphoryloxime  and  the  ir-bromo-com pound,  ^-bromocamphoryl- 
oxime  crystallises  from  water  with  IHgO  : 

0-9872  lost  0-0629  moisture. 

H20  =  6-81  (on  dry  substance) ;  calculated,  6-50  per  cent. 

The  hydrate  melts  at  111°  with  liberation  of  steam.  The  dry  sub- 
stance was  dissolved  in  benzene,  in  which  it  is  only  sparingly  soluble 
even  on  boiling,  and  crystallised,  on  cooling,  in  bright,  glistening 
needles  which  melted  at  112° ;  a  solution  in  chloroform  saturated  at  13° 
contained  2-20  grams  in  100  c.c.  of  solution  and  gave  [ajo  + 10-2°.  In 
order  to  prepare  the  acetyl  derivative,  the  oxime  was  boiled  with  acetic 
anhydride,  and  the  solution  diluted  with  alcohol  and  then  with 
water ;  the  acetate  separated  as  an  oil,  but  crystallised  when  stirred  : 
the  substance  was  then  redissolved  in  the  same  liquor,  filtered,  allowed 
to  crystallise,  and  then  recrystallised  from  slightly  dilute  alcohol,  from 
which  it  separated  in  very  light,  minute  fiakes,  which  melted  at  112°, 
did  not  recrystallise  when  cooled  after  fusion,  and  gave  [ajo  +3°  at 
15°  in  a  solution  in  acetone  containing  2*36  grams  in  100  c.c. 

0-1746  gave  0-1030  AgBr.     Br -25-21. 

CijHijO^NBr  requires  25-16  per  cent. 

The  benzoyl  derivative,  prepared  by  the  Schotten-Baumann  method, 
is  only  moderately  soluble  in  hot  alcohol,  and  crystallises  in  needles  as 
the  solution  cools;  it  melts  at  134°  and  gave  [aj^  -f-ll°at  12°  in  a 
solution  in  acetone  containing  1-57  grams  in  100  cc. 
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0*3096  gmTe  0  1041  AgBr.     Br-3M2. 

CpHiiO^NBr  requtrM  21*05  per  cent. 

w  Bi mwiMM tmpkovjftwnm^, — In  order  to  establish  definitely  the  con- 
■tiliitioa  of  Lapworth's  **  •#o-TbromoDitrocamphor  "  (Trans.,  1896»  09, 
318),  the  tnbetanoe  was  hydrolysed  by  heating  in  a  sealed  tube 
with  ooooentrated  hydrochloric  acid ;  the  aqueous  solution  gave  the 
usual  teals  for  hydrozylamine,  but  the  solid  was  too  much  charred  to 
allow  of  its  identification  as  ir-bromocamphoric  acid.  As,  however,  a 
quantity  of  v-bromocamphoric  acid  had  been  obtained  as  a  bye-product 
in  the  preparation  of  x-bromonitrocamphor,  and  it  was  desired  to  pre- 
pare the  acetyl  and  benzoyl  derivatives  of  the  oxime  for  comparison 
with  those  of  the  ^-bromo  oxime,  the  acid  was  converted  into  its 
anhydride  and  treated  with  hydroxylamine  in  the  manner  previously 
employed  in  the  synthesis  of  camphoryloxime  (Trans.,  1898,73, 1005) ; 
the  synthetical  oxime,  its  hydrate,  acetyl  and  benzoyl  derivatives 
agreed  so  closely  with  those  of  the  substance  prepared  from  r-bromo- 
nitrocamphor  that  they  do  not  merit  separate  description.     Acetyl-v 

bromocampkor^hximt,  CflHj,Br<^^  '^^  ^OO.  was  prepared  by  Lap- 
worth  by  boiling  the  oxime  with  acetic  anhydride,  but  its  physical 
ooostante  were  not  given  ;  it  is  only  sparingly  soluble  in  alcohol,  and 
separatees,  like  the  )3-isomeride,  in  minute,  glistening  scales  ;  it  melts 
at  171°  (the  /3-isomeride  melts  at  112°)  and  gave  [a ]d  +13°  at  13° 
in  a  solution  in  acetone  containing  51*4  grams  per  100  c.c. 

The  6en2oy/ derivative,  which  is  much  less  soluble,  al)out  50  c.c.  of 
boiling  alcohol  being  required  to  dissolve  a  gram,  crystallises  in  flat 
needles  united  in  feathery  aggregates  and  melts  at  185°.  In  a  solu- 
tion in  acetone  containing  3*4  grams  per  100  &c.  it  gave  [a]i>  +46*3° 
at  13° 

As  the  three  series  of  compounds  are  now  complete,  a  table  is  given 

hewing  the  melting  points  of  the  more  important  derivatives  of  nitro> 

^mphor  and  camphoric  acid. 
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XCIII. — The  Eat'uwition  of  Arsenic  in  Fuel. 

By  T.  E.  Thorpi,  CB.,   F.R.S. 

Thi  inquirj  which  followed  the  Umentable  outbreak  of  poisoning  in 
Ijuieashire,  dae  to  the  accidental  occurrence  of  arsenic  in  beer,  has 
shown  that  articles  of  food  or  drink  may  become  contaminated  with 
arsenic  by  reason  of  the  presence  of  that  element  in  fuel.  It  has  been 
proved,  for  example,  that  malt  may  become  admixed  with  arsenic 
owing  to  arsenical  pyrites,  and  possibly  other  combinations  of  arsenic, 
being  contained  in  the  fuel  which  may  have  been  used  iu  preparing 
■  t,  and  maltsters  are  now  under  the  necessity  of  exercising  care  in  the 
election  of  the  coal  or  coke  to  be  employed  in  kilning. 

In  this  commnnication  is  given  an  account  of  a  method  of  deter- 
mining the  amount  of  arsenic  in  fuels  which  has  been  worked  out  in 
'  y  with  the  recommendation  of  the   Koyal  Commission  on 

.  Poisoning  that  the  Board  of  Inland  Revenue  should  prescribe 
for  the  di£ferent  materials  used  in  the  preparation  of  the  individual 
ingredients  of  beer  an  adequate  test  by  which  their  freedom  from 
arsenic  may  be  ascertained.  This  method  is  fairly  rapid  in 
execution,  is  accurate,  and  it  has  the  further  merit  of  directly 
distinguishing  between  the  arsenic  which  is  volatilised  on  burning  the 
fuel  and  that  which  remains  fixed  in  the  ash.  The  process  consists 
•imply  in  burning  a  known  quantity  of  the  finely -powdered  coal  or 
eoke  in  a  stream  of  oxygen,  passing  the  products  of  combustion 
through  a  suitable  absorbing  apparatus,  and  determining  the  amount 
of  arsenic  so  absorbed  as  well  as  that  left  in  the  ash. 

A  pieee  of  hard  glass  tube.  A,  about  60  cm.  long,  is  drawn  out  and 
the  drawn-out  portion  bent,  as  seen  in  Fig.  1  (p.  970). 

Ten  grams  of  the  finely-powdered  sample  of  fuel  are  then  introduced 
into  the  tube  in  such  manner  that  it  occupies  about  30  cm.  of  the 
laogth  of  the  tube,  leaving  empty  about  6  cm.  of  the  tube  next  to  the 
bent  and  drawn-out  portion.  A  convenient  method  of  introducing  the 
[foal  is  to  distribute  it  along  a  stout  glased  cardboard  trough  or  gutter 

lich  can  readily  be  inserted  in  the  tube  held  in  a  horizontal  position 

id  with  the  bent  portion  pointing  vertically  upwards.     On  turning 

le  tube  round  through  180^,  so  that  the  bent  portion  points  down- 
the  powdered  coal  falls  from  the  gutter  and  is  loosely  dis- 

ibnted  along  the  length  o^the  tube,  when  the  cardboard  gutter  may 
withdrawn.     The  drawn-out  portion  of  the  tube  is  then  connected 

ith  the  absorption  apparatus,  B,  containing  dilute  sulphuric  acid. 

eonvenient  form  of  apparatus  consists  of  a  modified  de  Koninck 

>rption  tube,  the  straight  limb  of  which  contains  glass  beads  or 
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short  lengths  of  thin  glass  tubing,  so  as  to  offer  a  considerable  wetted 
surface  to  the  passage  of  the  gaseous  products  of  combustion.  The 
hard  glass  tube,  A,  is  placed  in  an  ordinary  combustion  furnace  and 
connected  with  an  oxygen  reservoir.  The  burners  of  the  furnace 
beneath  the  empty  portion  of  the  tube  are  first  lighted,  a  rapid 
current  of  oxygen  passing  meanwhile  through  the  apparatus.  The 
powdered  fuel  is  then  heated  at  the  place  where  the  stream  of  oxygen 
first  impinges  on  it.  As  soon  as  the  combustion  has  started,  very 
little  external  heat  will  be  required,  and  the  coal  or  coke  gradually 
burns  away  without  the  formation  of  soot  or  tarry  products.  The 
whole  operation  is  under  perfect  control,  and  is  finished  in  from  two 
to  three  hours,  depending  on  the  nature  of  the  fuel.     The  ash  is  left 


Fig.  1. — Apparatus  for  estimating  arsenic  in  fuel. 


Fio.  1. 

A. — Hard  glass  tnbe. 
J?.— Absorption  lube. 


Fia.  2. 

A. — Distillation  flask. 

B. — Condenser. 

6\— Flask  for  receiving  distillate. 

/).— Funnel. 


in  a  loose,  pulverulent  form,  and  is  readily  detached  from  the  tube. 
The  arsenic  present  in  the  fuel  will  bo  found  partly  in  the  ash  ond 
partly  in  the  constricted  end  of  the  hard  glass  tube  and  in  the  liquid 
in  the  absor|>tion  apparatus. 

To  determine  the  amount  of  arsenic  retained  by  the  ash,  this  is 
shaken  out  into  a  Wiirtz  flask,  A^  of  about  100  c.c.  capacity,  which  is 
then  attached,  preferably  by  means  of  ground  glass  joints,  as  shown  in 
Fig.  2,  to  a  small  reflux  condenser,  /^,  connected  with  a  flask,  (7,  of 
al)out  70  C.C.  capacity,  containing  about  10  c.c.  of  arsenio-free 
hydrochloric  acid  (sp.  gr.  1*1).  Into  the  flask,  A^  containing^ 
the    coal  ash,   25   c.c.    of    arsenic-free   hydrochloric   acid,   contain* 
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ing  0S5  CO.  of  bromine,  aro  added  by  meene  of  the  groand  in  Up> 
funnel,  D.  In  praoUce,  it  is  conTenient  to  prepare  a  itook  of 
brominated  hydrochloric  acid  by  adding  1  r.c.  of  bromine  to  each 
100  ee.  of  acid  (sp.  gr.  M).  The  flask  is  then  heated,  and  the  liquid 
maintained  in  gentle  ebullition  for  about  two  hours.  After  cooling, 
about  a  gram  of  potassium  metabisulphite  is  added,  and  the  liquid 
again  heated  until  the  free  bromine  disappears.  The  solution  is 
filtered  from  the  suspended  silica,  which,  together  with  the  small 
filter,  is  washed  with  the  acid  contained  in  the  small  flask,  C,  Unless 
the  silica  is  removed,  the  solution  is  apt  to  boil  irregularly,  and  it  is 
diflicult  to  distil  it  properly.  The  filtered  solution  is  returned  to  the 
distilling  flask,  still  connected  with  the  reflux  condenser,  and  boiled 
to  expel  the  sulphurous  acid.  The  condenser  is  then  reversed  and  the 
liquid  distilled  into  the  small  flask,  C,  the  distillation  being  continued 
until  the  residue  in  the  flask,  A,  is  syrupy,  when  a  further  addition  of 
10  c.c.  of  hydrochloric  acid  is  made  to  the  residue  and  the  solution 
again  distilled.  The  total  distillate  is  made  up  to  100  c.c.  and  an 
aliquot  portion  taken  for  testing.  This  is  transferred  to  a  small 
porealain  dish,  5  c.c.  of  pure  nitric  acid  (sp.  gr.  1*4)  and  2  c.c.  of  pure 
coiieentrated  sulphuric  acid  are  added,  and  the  solution  evaporated 
until  fumes  of  sulphuric  acid  are  freely  evolved.  The  dish  is  cooled 
and  the  liquid  diluted  with  about  20  c.c.  of  v/ater  and  transferred  to  a 
small  flask.  Ilalf  a  gram  of  potassium  metabisulphite  is  added  and 
the  solution  boiled  until  free  from  sulphurous  acid,  and  when  cold 
used  for  the  test. 

To  determine  the  amount  of  arsenic  which  is  volatilised  in  the 
combustion  of  the  fuel,  the  acid  in  the  absorption  tube  is  poured  into 
a  small  beaker  and  the  absorption  tube  rinsed  with  a  small  quantity 
of  water.  The  end  of  the  hard  glass  tube  is  then  well  washed  by 
repeatedly  drawing  the  liquid  in  the  small  beaker  into  it.  Finally, 
the  hard  glass  tube  is  rinsed  out  with  a  little  more  acid  and  the  whole 
of  the  solution  and  washings  made  up  to  60  ^c.c.  Of  this,  35  c.c.  are 
taken  and  used  directly  for  the  test. 

The  estimation  of  the  arsenic  in  the  solutioos  may  be  made  by 
means  of  an  electrolytic  method  for  detecting  and  estimating  small 
quantities  of  arsenic,  which  has  been  worked  out  in  this  laboratory, 
and  which  is  the  subject  of  a  subsequent  communication ;  or  it  may 
be  made  by  means  of  the  Harsh  apparatus,  but  in  that  case  it  ia 
unnecessary  to  remove  the  hydrochloric  acid  by  evaporation  with 
nitric  and  sulphuric  acids^ 

tin   either  case*  the  amount  of  arsenic  obtained   is   estunated  by 
mparison  with  arsenic  deposits  obtained  from  known  qnantitiee  of 
senious  oxide. 
To  test  the  method,  a  sample  of  coal,  about  ills,  in  weight,  taken 
3,. 
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from  a  Lincolnshire  malting,  was  broken  into  small  pieces;  a  portion, 
about  1  lb.  in  weight,  was  reduced  to  a  fine  powder  by  grinding  in  a 
small  so-called  Kugelmiihle,  and  known  portions  of  the  coal  were 
then  treated  in  the  manner  described.  The  results  of  two  experi- 
ments, expressed  in  grains  per  lb.,  were  as  follows  : 


Expt.  1. 

Expt.  2. 

Volatile  arsenic 

nil 

nil 

Fixed  arsenic  (in  ash) 

0-031 

0033 

To  prove  that  fuel  containing  arsenical  pyrites  would  yield  its 
arsenic  when  treated  in  the  manner  described,  known  quantities  of 
arsenical  pyrites  containing  a  known  amount  of  arsenic  were  added 
to  the  coal  and  the  process  repeated.  The  arsenical  pyrites  employed 
contained  43*36  per  cent,  of  arsenic  as  the  mean  of  two  deter- 
minations :  (1)  43-49,  (2)  43*24  per  cent. 

The  details  are  as  follows  : 

Expt.  I.  Ten  grams  of  the  coal  containing  000045  per  cent,  of 
fixed  arsenic  (equivalent  to  0*032  grain  per  lb.)  were  mixed  with 
00188  gram  of  the  arsenical  pyrites,  the  mixture  ignited  in  oxygen 
in  the  manner  described,  and  the  amounts  of  volatile  and  fixed  arsenic 
respectively  determined. 

(1)  Volatile  Arsenic. — The  contents  of  the  absorption  apparatus  and 
the  washings  of  the  combustion  tube  were  made  up  to  200  c.c. ; 
25  c.c.  of  this  solution  were  further  diluted  to  200  c.c,  and  25  c.c. 
of  this  second  solution  were  employed  to  furnish  the  arsenic  deposit 
as  described.  The  amount  of  the  deposit  was  equivalent  to  0*012 
mgm.  of  arsenious  oxide,  equal  to  0768  mgm.  of  volatilised  arsenious 
oxide. 

(2)  Fixed  Arsenic. — The  ash  was  heated  with  brominated  hydro- 
chloric acid,  and,  after  the  addition  of  potassium  metabisulphite,  was 
filtered  from  silica;  the  solution  was  returned  to  the  fiask,  the 
sulphurous  acid  expelled  by  boiling,  and  the  arsenious  chloride  dis' 
tilled.  The  distillate  was  made  up  to  150  c.c. ;  20  c.c.  of  this  were 
diluted  to  one  litre,  and  15  c.c.  of  the  diluted  liquid  were  used  to 
furnish  a  deposit,  the  amount  of  which  was  judged  to  be  equivalent 
to  0*02  mgm.  of  arsenious  oxide,  this  being  equal  to  0010  gram  in  the 
entire  solution. 

To  check  this  estimation,  the  remaining  130  c.c.  of  the  original 
solution  were  treated  with  sulphuretted  hydrogen,  and  the  arsenious 
sulphide  weighed  in  a  Qooch  crucible.  The  amount  was  equivalent 
to  00 1058  gram  of  arsenious  oxide  in  the  whole  distillate. 

The  complete  results  are  : 
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Arwotons  oxUo  found. 
Volatile  .  0000768 

rixc.\  .  0-01058 


0011348 


Antttlooi  ozid«  tekts. 

InO-OlSSgramof  pyriteA  0010701 
In  10  gnunt  of  ooal    ...0  000045 


0010836 


Ezpt.  U. —Carried  out  preoiaelj  as  No.  I,  except  that  0*0178  gram 
of  pyrites  was  used. 
The  results  were : 


Araenioas  oxide  found. 

Volatile  000094 

Fixed  000983 


001077 


ArscniouH  oxide  taken. 
In00178gramof  pyrites  0  010217 
Id  10  grams  of  coal    ...  0000045 


Expt.  IIL — Carried  out  as  Nos. 
of  pyrites  was  used. 
The  resalts  were : 

Ananioua  oxide  found.  ^ 
Volatile  0  00201 

Fixed .  0  00917 


0-01118 


0010262 
I  and  II,  except  that  0  0186  gram 


Arsenious  oxide  taken. 
In  00186gram  of  pyrites  0  010676 
In  10  grams  of  coal     ...  0  000045 


0010721 


The  agreement  between  the  amount  of  arsenious  oxide  found  and 
that  calculated  may  be  considered  satisfactory  in  the  three  experi- 
meotfl,  and  shows  that  the  whole  of  the  arsenic  which  may  be  present 
ill  the  pyrites  contained  in  coal  may  be  obtained  or  accounted  for  by 
the  method  described. 

That  by  far  the  greater  quantity  of  the  arsenic  which  may  be 
pttwent  in  fuel  is  not  volatilised,  but  is  retained  by  the  ash,  is  conBrmed 
bj  similar  determinations  made  on  a  variety  of  fuels.  Thus,  it  was 
found  that  a  North  Country  gas  coke  yielded  no  volatile  arsenic,  but 
the  ash  contained  arsenic  to  the  extent  of  0*28  grain  to  1  pound  of 
fuel.  An  oven  coke,  also  made  from  a  North  Country  coal,  yielded  0*25 
^grain  of  fixed  arsenic  per  pound  of  fuel,  but  no  volatile  arsenic. 

This  would  seem  to  show  that  the  greater  portion  of  the  arsenic 
hich  may  be  found  on  malt  has  been  deposited  on  it  in  the  form 

ooal  ash,  and  ought,  therefore,  to  be  removed  from  it  by  brushing 
screening. 

NoTB  ADDKD  JuLT  6tb,  1903. — Since  the  printing  of  this  oommu. 
nication,  Mr.  Wood  Smith  has  drawn  my  attention  to  the  fact  that  he, 
in  conjunction  with  Mr.  R.  L.  Jenks,  has  described  a  very  similar 
process  upwards  of  2  years  ago  (/.  Soc  Chem,  Ind.,  1901,  20,  437).  I 
regret  that  I  had  overlooked  this  prior  communication,  and  I  \^ 
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therefore  to  tender  my  apologies  to  the  authors  for  omitting  to  make 
reference  to  it.  Combustion  of  a  fuel  in  oxygen,  or  as  preferred  by 
Messrs.  Wood  Smith  and  Jenks,  in  air,  can  hardly,  however,  be  re- 
garded as  novel.  What  1  and  my  colleagues  on  the  Committee* 
appointed  by  the  Board  of  Inland  Revenue  were  more  immediately 
concerned  with  was  the  working  out  of  the  manipulative  details  of  an 
operation  based  on  this  principle. 

The  Government  LABonATOUY, 
London,  W.C. 


XCIV. — The  Electrolytic  Estimation  of  Minute  Quantities 
of  Arsenic,  more  especially  in  Brewing  Materials, 

By  T.  E.  Thorpe,  C.B.,  F.R.S. 

The  Royal  Commission  on  Arsenical  Poisoning,  in  their  First  Report, 
recommended  that  the  Board  of  Inland  Revenue  should  possess  and 
should  exercise  powers  to  specify  the  ingredients  of  beer,  and  the 
materials  used  in  their  preparation  which  are  liable  to  be  contaminated 
by  arsenic,  and  to  prescribe  tests  by  which  their  freedom  from  arsenic 
may  be  ascertained. 

With  a  view  to  the  carrying  into  effect  of  the  above  recommenda> 
tion,the  Board  of  Inland  Revenue,  with  the  approval  of  the  Treasury, 
decided  to  appoint  a  Committee  to  advise  them  as  to  the  tests  which 
might  properly  be  prescribed  for  the  several  ingredients  of  beer  which 
may  be  hold  to  be  liable  to  contamination.* 

In  their  Report  to  the  Board,  the  Committee  state  that  of  the  various 
methods  which  have  been  suggested  from  time  to  time  for  the  detection 
and  edtimation  of  the  relatively  small  quantities  of  arsenic  which  may 
be  present  in  beer  and  the  ingredients  of  beer,  or  in  the  materials 
which  may  be  used  in  their  preparation,  they  are  of  opinion  that  those 
methods  which  depend  on  the  conversion  of  the  arsenic  into  hydrogen 

*  The  Committeo  consisted  of  : 

T.  E.  Thorpe,  Esq.,  CD.,  F.11.S.,  Principal  of  tho  Oovommeut  Lalwnitory,  an 
Chairman. 
ProfeMor  William  Auj^islns  Tilden,  D.Sc,  F.R.S. 
ProfeMor  Harold  Raily  Dixon,  M.A.,  F.K.S. 
Qraham  Aldoiis,  Esq. 
John  Pattinson,  Esq.,  F.I.C.,  with 
Mr.  T.  J.  Chcntor,  of  tho  Qovommeut  Laboratory,  m  Socretary, 
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MMiiid*  and  the  lubMquent  dt'j'i'>iiM>ii  w.  i..u  utneiiic  in  the  olamentary 
form  bj  bMiing  ih«  gat  are,  on  the  whole,  to  be  preferred. 

The  hydrogen  artenide  may  be  formed  in  practice  by  the  action  of 
■(Koalled  '*  naeoent "  hydrogen  on  the  arsenic  present.  The  hydrogen 
may  be  evolved  either  electrolytically  or  through  the  agency  of  dilate 
hydrochloric  acid  on  sine  admixed  with,  or  containing,  such  an  amount 
of  coppto  or  other  suitable  metal  as  to  give  rise  to  a  sufficiently  rapid 
evolution  of  the  gas.* 

The  amount  of  arsenic  deposited  by  heating  the  hy<lro;^en  arsonido 
eo  formed  is  then  determined  by  comparison  with  deposits  obtained 
in  preciaely  the  same  manner  from  wort,  beor,  malt  extracts,  sugar 
solutions,  dec.,  containing  known  quantities  of  arsenic. 

An  electrolytic  method  for  detecting  arsenic  appears  to  have  been 
first  suggested  by  the  late  Professor  Bloxam.of  King's  College  (QuarL 
Jaum,  CUm,  Soe,,  1861,  13,  12  and  338),  but  in  its  original  form 
it  had  several  disadvantages  which  have  prevented  it  from  being 
generally  adopted  by  chemists.  Modifications  of  it  have  been  made  by 
Mr.  Trotman,  Mr.  Bevan,  and  others.  The  process  has  been  carefully 
investigated  in  the  Government  Laboratory,  and  in  the  form  now  de- 
scribed it  is  easy  of  application,  and  is  capable  of  giving  trustworthy 
results  with  a  comparatively  small  expenditure  of  time  and  trouble. 

The  apparatus  employed  in  the  electrolytic  method  consists  of  the 
following  parts : 

1.  A  glass  vessel,  A,  provided  with  a  ground-glass  stopper  and 
connections,  /?,  and  a  drying  tube,  C,  containing  calcium  chloride. 

2.  A  porous  cell,  D,  5.  A  hard  glass  constricted  tube,  6'. 

3.  A  glass  vessel,  E.  6.  A  small  Bunsen  burner,  27. 

4.  A  cooling  vessel,  F. 

The  glass  vessel,  A,  forms  with  the  porous  vessel,  Z>,  the  inner  cell 
for  the  cathode  where  the  hydrogen  and  hydrogen  arsenide  are  pro- 
duced on  passing  the  electric  current  The  vessel,  A^  is  open  at  the 
bottom  and  fitted  at  the  top  with  the  ground-glass  stopper,  i?,  through 
which  is  passed,  to  a  point  just  below  the  neck  uf  the  vessel,  the  stem 
of  the  tap-funnel.  The  glass  stopper  also  carries  the  gas  exit  tube 
on  which  is  a  bulb.     The  tube  is  bent  as  shown  in  the  drawing,  and  is 

oonected  by  means  of  a  gronnd-glass  joint  with  the  drying  tube,  C. 

1  hrough  the  glass  cap  is  fused  a  stout  platinum  wire  for  making  the 
connection  on  the  outside  with  the  current,  and  within  the  vessel  with 
the  electrode. 

The  inner  electrode,  forming  the  cathode,  is  of  sheet  platinum  and 
cone-shaped,  with  several  perforations.  It  is  suspended  from  a  hook 
made  on  the  end  of  the  wire  passing  through  the  glass  stopper,  and  is 

*  In  the  case  of  the  electrolytic  method,  it  i«  necessary  that  the  arsenic  should 
be  in  the  condition  of  an  arsenite  or  arsenioos  acid. 
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adjusted  bo  that  when  the  stopper  is  inserted  in  the  vessel  the  lower 
edge  of  the  electrode  is  1  mm.  above  the  bottom  of  the  vessel,  A.  It 
is  then  securely  attached  to  the  wire  by  closing  the  hook.* 

The  porous  vessel,  D,  is  larger  by  2  to  3  mm.  in  diameter  and  in 
depth  than  the  cylindrical  portion  of  the  glass  vessel,  A.  As  seen  in 
the  figure,  A  rests  by  moans  of  its  bulged-out  shoulder  upon  the  upper 
edge  of  J).  The  porous  vessel  is  of  unglazed,  highly  silicious  ware,  of 
the  composition  employed  for  the  well-known  biscuit  filters,  first  made 
by  Dr.  Pukal,  and  is  from  1  to  1*5  mm.  in  thickness.t 

The  cell  for  the  anode  consists  of  the  stout  glass  vessel,  E,  upon  the 
flat  bottom  of  which  the  porous  vessel,  Z>,  containing  the  glass  vessel, 

Fig.  1. 


A,  stands.  The  anode  consists  of  a  band  of  platinum,  2  cm.  broad, 
passing  loosely  round  the  porous  cell,  and  connected  with  the  current 
by  means  of  a  stout  platinum  wire.    The  liquid  in  the  vessel,  J?,  should 

•  Caro  must  bo  taken  that  the  hook  is  effectually  closed  and  tho  contact  com- 
plete, olherwise  tboro  may  be  daiiRer  of  sparking,  wliich  might  bring  about  an 
explosion  if  tho  apparatus  contained  a  sufficient  proportion  of  air. 

By  continued  uso,  tho  surruce  of  the  cathode  loses  its  polish,  and  the  metal 
becomes  coated  with  a  grey  powder,  oRpccially  on  the  inside  of  the  cone.  In  these 
ciroumstances,  the  deposit  which  forms,  especially  from  some  saccharine  liquida, 
may  retain  arsenic  '  Care  should  be  taken,  therefore,  that  the  cathode  ia  re-poUahed 
from  time  to  time.  After  this  operation,  it  is  advisable  to  immerse  the  cathode 
completely  in  tho  dilute  acid  and  subject  it  to  the  action  of  the  current  for,  say, 
half  an  hour. 

+  Tho  porous  vessel  may  gradually  become  more  or  less  stained,  especially  when 
used  with  caramels,  black  beers,  and  other  highly  coloured  liquids.  It  is  advisable, 
therefore,  from  time  to  time,  to  ho«t  the  vessel  in  a  mutllo  furnace. 
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b«  ktfi  btlow  5(Pt  and  the  TOimel  it  therefore  placod  iu  a  Urgcr  dJHh, 
Ft  containing  cold  wmtn  . 

The  drying  tube,  f,  is  packed  as  follows  :  A  plu^of  cotton  wool  is 
first  inserted,  and  then  pure  granulated,  anhydrous  calcium  chloride,* 
in  pieces  about  the  site  of  small  shot  or  malt  grains,  for  a  length  of 
b  em.  Another  loose  plug  of  cotton  wool  is  placed  upon  the  calcium 
chloride  followed  bj  a  roll  of  lead  aoetate  paper.  This  is  prepared  by 
soaking  filter  paper  in  a  cold  saturated  solution  of  lead  acetate  and 
then  drying  the  paper  in  air.  The  paper  is  cut  into  strips  about  1  cm. 
broad  and  rolled  into  a  coil  fitting  loosely  in  the  tube.  A  small,  spiral 
coil  of  lead  aoetate  paper  is  also  placed  within  the  enlarged  end  of  the 
exit  tube  to  which  the  calcium  chloride  tube  is  attached. 

To  the  end  of  the  drying  tube,  there]  is  fixed  by  means  of  a  short 
piece  of  unvuloanised  rubber  tubing,  the  hard  glass  constricted  tube 
in  which  the  arsenic  is  to  be  deposited.  The  ends  of  the  drying  tube 
and  the  hard  glass  tube  should  be  in  close  contact  beneath  the  rubber. 
To  make  one  of  these  tubes,  a  piece  of  Jena  glass  tubing  having  an 
external  diameter  of  5  mm.  and  an  internal  diameter  of  3'5  mm.  is 
cleaned  by  successive  treatment  with  acid,  water,  and  alcohol,  and 
dried.  It  is  then  held  in  the  blow-pipe  flame,  so  that  a  portion  of  the 
tube  about  2  cm.  in  length  and  5  cm.  from  the  end  of  the  tube  is 
thoroughly  softened,  when  the  heated  portion  is  drawn  out  to  a  length 
of  7  to  8  cm.,  and  having  at  a  distance  of  1  cm.  from  the  shoulder  of 
the  tube  an  external  diameter  of  2  mm.,  a  size  which  should  be  main- 
tained as  nearly  as  possible  throughout  the  length  of  the  constricted 
(mrt.  The  tube  is  cut  off  near  the  end  of  the  drawn-out  portion,  the 
last  1  cm.  of  which  is  turned  up  at  right  angles.  The  hard  glass  tube 
is  supported  in  a  horizontal  position,  when  attached  to  the  drying  tube 
of  the  apparatus,  by  resting  in  the  slots  on  the  upper  edge  of  the  cone 
which  surrounds  the  flame  of  the  small  Bunseu  burner.  A  piece  of 
pUtinum  gauze  about  2  cm.  square  is  wrapped  round  the  hard  glass 
tube  at  the  point  where  it  is  to  be  heated  by  the  Bunsen  flame. 

The  small  Bunsen  burner  has  a  circular  base  1 2  mm.  high,  and  its 
tube  is  6  cm.  in  height  and  5  mm.  in  internal  diameter.  The  upper 
portion  of  the  tube  is  threaded  and  carries  a  gallery  upon  which  rests 
a  copper  cone.  The  upper  edge  of  the  cone  contains  two  slots  to 
reoeiTe  the  hard  glass  tube. 

The  apparatus,  when  employed  in  the  manner  to  be  described,  has  an 
apparent  resistance  of  1*4  ohms,  the  potential  difference  between  the 
[ends  of  the  wires  of  the^  poles  being  7  volts  with  a  current  of  5 
This  strength  of  current  gives  about  40  c.c.  of  hydrogen  in 


*  Where  a  aeries  of  experiments  is  carried  out  with  the  santA  apparatas,  the 
chloride  should  be  renewed  from  time  to  time,  say,  after  three  or  four 
srimeDta. 


978  THORPE:  the  electrolytic  estimation  of 

a  minute,  which  furnishes  a  steady  flame  about  2  mm.  in  height,  and 
is  the  strength  of  current  recommended  to  oe  used  for  the  purposes  of 
the  test.  To  effect  the  reduction  of  the  intensity  of  the  main  labora- 
tory supply,  which  is  the  most  convenient  source  of  the  current,  a 
rheostat  of  incandescent  lamps  may  be  employed.  The  lamps  are 
arranged  in  parallel  with  each  other,  but  in  series  with  the  apparatus, 
and,  according  to  the  current  desired,  lamps  of  different  candle  power 
may  be  inserted.     An  ammeter  is  included  in  the  circuit. 

The  apparatus  may  be  arranged  for  the  simultaneous  execution  of  a 
number  of  tests.  By  suitable  construction  on  the  charging  board,  the 
electric  current  passes  through  the  solutions  arranged  in  series,  and 
any  of  these  may  be  brought  into  or  cut  out  of  the  circuit  as  desired. 
The  current  is  brought  to  the  required  strength — 4*5  to  5  amperes — 
by  the  introduction  in  the  rheostat  of  lamps  of  the  requisite  power 
according  to  the  number  of  tests  to  be  carried  out  simultaneously.  A 
diagram  illustrating  the  method  employed  for  this  purpose  is  shown 
in  Fig.  2  (p.  979). 

The  sulphuric  acid  solution  employed  in  the  apparatus  is  prepared 
by  mixing  one  volume  of  pure  concentrated  sulphuric  acid  with  seven 
volumes  of  water.  It  must,  of  course,  be  tested  to  ascertain  its 
freedom  from  arsenic  before  it  is  used.* 

Certain  of  the  solutions  to  be  tested  are  very  liable  to  froth  when 
introduced  into  the  apparatus.  This  inconvenience  may  be  obviated 
by  adding  one  or  two  c.c.  of  recti6ed  amy!  alcohol  (b.  p.  128 — 132°)  to 
the  acidified  liquid  undergoing  electrolysis. 

Before  describing  the  application  of  the  test,  it  will  be  convenient 
to  give  in  detail  the  methods  to  be  followed  in  preparing  the  extracts 
or  solutions  of  the  various  substances  in  such  a  form  and  in  such  an 
amount  as  to  render  them  suitable  for  testing. 

(1)  Malt. — Unground  malt  may  readily  be  examined  for  arsenic 
by  washing  the  malt  with  warm  dilute  acid  and  testing  the  acid 
extract,  but  this  method  is  inconvenient  in  the  case  of  a  ground  or 
crushed  malt,  as  it  is  diflicult  to  obtain  a  suitable  extract.  A  ground 
malt  is  therefore  incinerated  in  presence  of  lime  and  magnesia  and 
the  solution  of  the  ash  tested.  Direct  experiment  has  shown  that 
deposits  of  arsenic  obtained  after  treatment  of  an  unground  malt 
with  dilute  acid  are  equal  in  intensity  to  those  obtained  by  the  basic 
method  of  treatment  of  the  same  malt.  The  two  methods  are  as  follows  : 

*  It  is  advisftblo  to  saturate  the  stock  quantity  of  the  dilute  acid  with  the  pro* 
ducts  of  \ta  electrolytic  decomposition  before  use  in  the  apparatus.  This  may  bo 
conveniently  effected  from  electrodes  of  platinum  wire  immersed  in  the  liquid. 
The  advantage  of  this  procedure  is,  that  it  destroys  any  trace  of  dissolved  sulphurous 
acid,  and  thereby  obviates  tho  formation  of  sulphuretted  hydrogen  during  the  actual 
tettiag. 
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3tme  JHUkod/ar  Unmnd  J/aU, — ^Ten  grami  of  the  ground  malt  art 
tfMwfwTod  lo  a  poroaUiD,  or  inreferablj  a  pUUnum,  dish  aboat  3 


Via.  1 


DUgrmm  of  the  rheosUt  and  charging  board  arranged  for  four  dmnltanaovM 
The  arrowa  show  the  direction  of  the  current. 

a^a.  Of  a. — Lamps  by  means  of  which  the  current  is  reduced  to  the  required 
strength. 
b,  b,  b,  6.— Switohea. 
c— AaMeter. 
r?  d.  d.  d  ^Electro] jtie  eeUi  as  in  Fig.  1. 

jncnes  in  diameter,  80  c.c.  of  argenic-free  lime  water*  are  added,  and 
the  dish  heated  over  a  small  Bunsen  flame  for  a  few  minutes.     About 

*  The  lime-water,  lime,  magnesij|  and  potasiinm  roetabisnlphite  are  tested  as  to 
their  freedom  from  arsenic  by  the  method  described  under  "Chemicals"  (pp. 
981,  982). 
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0*5  gram  of  arsenic-free  magnesia  or  lime  is  then  added  and  thoroughly 
mixed  with  the  contents  of  the  dish,  the  beating  of  which  is  continued 
until  the  organic  matter  is  completely  charred.  The  dish  is  then 
placed  in  a  muffle  furnace,  or  over  a  low  Bunsen  flame  and  heated  at 
a  dull  red  heat  until  practically  all  the  carbon  is  burnt  off.  When 
cold,  the  ash  is  moistened  with  water  and  20  c.c.  of  the  dilute 
sulphuric  acid  added.  The  dish  is  warmed  and  the  contents  trans- 
ferred to  a  4  oz.  flask.  About  half  a  gram  of  potassium  meta- 
bisulphite  is  added,  and  the  solution  boiled  until  free  from  sulphurous 
acid.     After  cooling,  the  solution  is  ready  to  be  tested. 

Acid  Method  /or  Uiiground  Malt. — Forty  grams  of  malt  are  trans- 
ferred to  a  wide-mouthed,  stoppered  bottle.  Forty  c.c.  of  the  dilute 
sulphuric  acid  and  60  c.c.  of  water  are  mixed  together,  raised  to  a 
temperature  of  50°,  and  added  to  the  malt.  The  bottle  is  shaken  at 
intervals  during  20  minutes  and  the  liquid  poured  off ;  25  c.c,  repre- 
senting 10  grams  of  malt,  are  transferred  to  a  small  flask,  half  a 
gram  of  potassium  metabisulphite  added,  and  the  solution  boiled  until 
free  from  sulphurous  acid.  When  cold,  the  solution  is  used  for  the 
test. 

(2)  Malt  Substitutes  (Glucose,  Invert  Sugar,  Caramel,  <fec.). — 
Five  grams  are  weighed  in  a  small  flask  and  dissolved  in  20  c.c.  of 
water.  Half  a  gram  of  potassium  metabisulphite  and  5  c.c.  of  the 
dilute  sulphuric  acid  are  then  added  and  the  solution  boiled  until  free 
from  sulphurous  acid.  When  cold,  it  is  ready  for  adding  to  the 
electrolytic  apparatus. 

(3)  Wort. — Direct  experiments  have  shown  that  when  using  the 
electrolytic  apparatus  it  is  unnecessary  to  destroy  the  organic  matter 
of  the  wort.  All  the  arsenic  which  may  be  present  is  evolved  as 
hydrogen  arsenide. 

For  the  test,  25  c.c.  of  the  wort  are  placed  in  a  small  flask,  half  a 
gram  of  potassium  metabisulphite  and  5  c.c.  of  the  dilute  sulphuric 
acid  are  added,  and  the  solution  boiled  until  free  from  sulphurous  acid. 
When  cold,  the  solution  is  used  for  the  test. 

(4)  Hops  and  Hop  Substitutes. — Five  grams  of  the  substance, 
ground  if  necessary  in  a  mortar,  are  placed  in  a  platinum  dish,  treated 
with  lime  and  magnesia  and  incinerated,  and  the  examination  for 
arsenic  carried  out  in  the  same  manner  as  described  in  connection 
with  ground  malt. 

(5)  Bbbr. — Direct  experiments  have  shown  that  when  the  electro- 
lytic apparatus  is  used  it  is  unnecessary  to  destroy  the  organic  matter 
of  the  beer.  All  the  arsenic  wV.ich  may  be  present  is  evolved  as 
hydrogen  arsenide. 

Twenty- five  c.c.  of  beer  ate  placed  in  a  small  flask,  half  a  gram  of 
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|H^tassiiiin  nu  ^  M  ii.iMiii.'  <>!>..  .«  ^ .o.  of  diluto  Hulphurio  add  added, 
aiui  liu-  ^olutun  boiled  until  free  from  sulphurous  acid.  The  cold 
solution  is  used  for  the  test. 

(6)  Ybast  and  Teast  Foods. — Five  grams  are  introduced  into  a 
flaak  aod  gently  warmed  with  20  c.c.  of  water.  Half  a  gram  of 
potassium  metabisulphite  and  5  c.c.  of  dilute  sulphuric  acid  are  then 
added,  and  the  contents  of  the  flask  boiled  until  free  from  sulphurous 
add.     The  cold  solution  is  used  for  the  test. 

Of  liquid  yeast  foodi^  25  c.c.  are  taken  and  the  Holution  boiled, 
after  the  addition  of  potassium  metabisulphite  and  Hulphuric  acid, 
until  free  from  sulphurous  acid. 

(7)  Cqkmicalb  : 

(a)  SulphiUa. — Of  solid  sulphites,  1  gram  is  dissolved  in  25  c.c.  of 
water  in  a  small  flask.  Five  c.c.  of  dilute  sulphuric  acid  are  added 
and  the  solution  boiled  until  free  from  sulphurous  acid.  The  cold 
solution  is  used  for  the  test. 

Of  solutions  of  sulphites,  25  c.c.  are  taken  and  boiled  in  like 
manner  after  the  addition  of  5  c.c.  of  dilute  sulphuric  acid.  The  liquid 
is  tested  by  the  addition  of  a  little  more  sulphuric  acid  to  ascertain  if 
the  whole  of  the  sulphite  has  been  decomposed. 

{b)  Adds. — Sulphuric  Acid. — Five  c.c.  are  diluted  with  20  c.c.  of 
water,  half  a  gram  of  potassium  metabisulphite  added,  and  the 
solution  boiled  to  expel  sulphurous  acid.  When  cold,  the  solution  is 
used  for  the  test. 

Hydrochloric  Acid. — Five  c.c.  are  placed  in  a  porcelain  dish  and 
diluted  with  about  5  c.c.  of  water.  Five  c.c.  of  pure  nitric  acid 
(sp.  gr.  1*4)  and  2  c.c.  of  pure  concentrated  sulphuric  acid  are  then 
added,  the  dish  placed  on  a  sand-bath,  and  the  liquid  evaporated  until 
the  sulphuric  acid  fumes.  The  dish  is  removed,  and,  when  cold,  about 
20  c.c  of  water  and  half  a  gram  of  potassium  metabisulphite  added. 
The  solution  is  transferred  to  a  flask  and  heated  until  free  from 
sulphurous  acid  and  then  tested. 

(e)  Sulphur. — Ten  grams  are  taken,  and  the  examination  for  arsenic 
carried  out  by  burning  the  sulphur  in  a  current  of  oxygen  in  the 
manner  described  in  connection  with  the  estimation  of  arsenic  in  fuel 
(this  vol.,  p.  969).  Owing  to  the  readiness  with  which  sulphur 
sublimes,  the  temperature  to  which  the  hard  glass  tube  is  heated 
should   be  as   low   as   poesible  consistent   with   the  burning  of   the 

{ilphur,  and  the  empty  portion  of  the  hard  glass  tube,  next  to 
tie  bent  and  drawn-out  ehd,  should  not  be  heated  until  the  sulphur 
1  the  other  part  of  the  tube  has  been  burnt.  The  liquid  in  the 
bsorption  tube  is  boiled  to  expel  sulphurous  acid,  and  any  sulphur 
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tion  tube  in  the  process  of  combustion  is  rendered  soluble  and  in 
suitable  condition  for  addition  to  the  electrolytic  apparatus  by  the 
method  described  for  treating  the  ash  of  fuel. 

{(l)  Other  Chemicals. — Of  solids,  1  gram  is  taken  and  dissolved  in 
25  c.c.  of  water.  Of  liquids,  25  c.c.  are  taken.  In  either  case,  if 
the  solution  is  alkilioe,  it  must  be  neutralised  by  the  addition  of 
dilate  sulphuric  acid.  To  the  neutral  liquid,  half  a  gram  of  potass- 
ium metabisulphite  and  5  c.c.  of  dilute  sulphuric  acid  are  added, 
and  the  solution  boiled  until  free  from  sulphurous  acid.  The  cold 
solution  is  used  for  the  test. 

8.  Finings. — Five  grams  are  weighed  out  in  a  flask,  20  c.c.  of  water 
added,  and  gently  warmed  to  effect  solution.  If  sulphurous  acid  or  a 
sulphite  is  present,  5  c.c.  of  the  dilute  sulphuric  acid  are  added,  and 
the  solution  boiled  until  free  from  sulphurous  acid. 

If  no  sulphurous  acid  is  present  in  the  finings,  half  a  gram  of 
potassium  metabisulphite  is  added  to  the  solution  prepared  as  above, 
together  with  5  c.c.  of  the  dilute  sulphuric  acid,  and  the  solution 
boiled  to  expel  sulphurous  acid  and  then  tested. 

Mode  of  Wwking, 

The  electrolytic  apparatus,  as  already  described,  is  arranged  for  the 
test,  which  is  carried  out  in  the  following  manner.  The  cells, 
electrodes,  and  glass  vessel.  A,  with  the  cap,  funnel,  and  exit  tube,  are 
thoroughly  cleaned  and  rinsed  with  distilled  water.  The  porous  vessel, 
D,  containing  the  vessel.  Ay  is  placed  in  E^  which  is  surrounded  by  cold 
water  contained  in  the  glass  dish,  F.  The  calcium  chloride  tube,  C, 
which  has  been  packed  in  the  manner  described,  is  fitted  on  the  ground 
glass  connection.  The  hard  glass  tube,  G^  is  attached  by  the  indiarubber 
connection  to  the  drying  tube  so  that  the  bent  portion  at  the  end  is  in 
an  upright  position,  and  the  platinum  gauze  is  so  arranged  on  the  tube 
that  it  just  overhangs  the  shoulder.  The  small  Bunsen  burner,  //,  ia 
placed  beneath  the  tube,  which  rests  in  the  slots  on  the  upper  edge  of 
the  cone  in  such  a  position  that  when  lighted  the  flame  will  heat  abou^ 
2  cm.  of  the  tube  just  before  the  constriction  commences. 

The  connections  with  the  battery  wires  are  made  by  means  of 
binding  screws  in  such  a  manner  that  the  current  will  pass  from  the 
vessel,  Ef  to  the  cell,  D ;  30c.c.  of  dilute  sulphuric  acid  are  then  poured 
into  Et  containing  the  anode,  and  20  c.c.  of  dilute  acid  are  also  ruD 
into  the  cell,  Z^,  by  means  of  the  stoppered  bottle,  B^  the  stem  of  which 
must  be  left  full  of  liquid. 

When  all  the  connections  are  complete  and  the  acid  has  been  added« 
the  current  is  switched  on  and  the  time  noted.  At  the  end  of 
10  minutes,  the  apparatus  is  practically  free  from  air,  and  the  issuing 
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bjdrog«n  uiaj  b«  lighUKl.  At  the  same  time,  the  Boneen  burner  ia 
lighted  and  the  flame  carefully  adjusted  so  that  the  small  piece  of 
platinum  gauie  is  maintained  at  a  red  heat  throughout  the  experiment. 
The  heating  of  the  tube  during  the  passing  of  the  gas  is  continued  for 
15  minutes,  and  if,  during  that  time,  no  brown  ring  or  deposit  of 
arsenic  has  been  formed  in  the  constricted  tube  (best  seen  bj  holding 
a  whiteboard  beneath  the  tube),  the  apparatus  and  the  acid  may  be 
considered  free  from  arsenic  and  suitable  for  the  application  of  the 
teat.  Two  c.c.  of  amyl  alcohol  are  then  run  into  the  inner  cell,  JJ,  by 
means  of  the  tap-funnel,  B,  This  is  at  once  followed  by  the 
addition  of  the  solution  to  be  tested,  prepared  as  described,  5  c.c.  of 
water  being  ut^ed  for  rinsing  out  the  containing  vessel.  No  air  must 
be  admitted,  and  the  stem  of  the  funnel  must  be  left  full  of  liquid. 
If  arsenic  is  present  in  the  added  liquid,  a  deposit  begins  to  form  in 
the  narrow  tube  in  the  course  of  a  few  minutes  at  a  point  between 
1  cm.  and  2  cm.  from  the  heated  shoulder.  At  the  end  of  30  minutes, 
the  whole  of  the  arsenic,  except  in  very  extreme  cases,  will  have  been 
deposited  in  the  tube,  which  is  now  sealed  up  while  full  of  hydrogen. 
This  is  effected  in  the  following  manner.  The  stopper  of  the  funnel  is 
opened  and  a  small,  pointed  flame  is  at  once  directed  against  the 
narrow  tube  at  a  point  3  cm.  from  the  deposit,  between  the  deposit 
and  the  tumed-up  end  of  the  tube,  which  is  meanwhile  held  by  a  pair 
of  forceps.  The  tube  at  once  collapses,  and  the  end  is  drawn  off. 
The  electric  current  is  at  the  same  time  disconnected,  and  then  the 
tube  is  similarly  heated  and  drawn  off  just  below  the  shoulder.  The 
deposit  of  arsenic  must  on  no  account  be  heated  by  the  flame  during 
the  sealing  of  the  tube.  The  short  tube,  about  4  cm.  long,  containing 
the  arsenic  deposit  may  then  be  mounted  on  white  card  for 
reference. 

Of  course,  if  the  deposit  of  arsenic  thus  obtained  should  be  so 
considerable  as  to  prevent  accurate  comparison  with  the  standard 
deposits,  the  experiment  must  be  repeated  upon  a  smaller  quantity  of 
the  substance. 

Preparation  of  the  Standard  DeposiU. — Although  there  \b  good 
reason  to  believe  that  the  amount  of  arsenic  deposited  is  in  nowise 
affected  by  the  nature  of  the  substance  with  which  the  arsenic  may  be 
associated — OQl  mgm.  of  arrenic  in  beer,  for  example,  giviog  a  deposit 
of  equal  intensity  with  the  same  quantity  of  arsenic  in  malt — never- 
theless, as  the  quantitative  estimation  is  based  on  comparison,  it  is 
expedient  to  make  use  of  deposits  prepared  by  the  addition  of  known 
amounts  of  arsenic  to  arsenic- free  specimens  of  each  class  of  substance. 
By  so  proceeding,  all  doubts  which  may  arise  from  differences  in 
manipulation  or  concerning  the  possible  effect  of  differences  in  the 
nature  and  composition  of  the  substances  on  the  formation  of  the 
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deposit  are  obviated.  Thus,  for  example,  in  the  case  of  hops  and 
malt,  although  the  final  solution  to  be  tested  is  substantially  an  acid 
solution  of  alkaline  earths  containing  a  minute  quantity  of  arsenic, 
nevertheless,  as  the  malt  and  hops  behave  somewhat  differently  on 
incineration,  and  themselves  contain  different  amounts  of  inorganic 
matter,  it  is  advisable  to  make  the  standards  by  which  malt  and  hops 
are  to  be  compared  directly  from  these  substances. 

The  preparation  of  a  solution  of  arsenic  of  definite  strength  for 
this  purpose  must  be  carefully  carried  out.  Pure,  resubiimed  arsenious 
oxide  is  ground  to  a  fine  powder  in  an  agate  mortar  and  dried  at  100^. 
01  gram  is  accurately  weighed  on  a  watch  glass  and  transferred  to  a 
litre  flask  by  washing  it  down  a  funnel  placed  in  the  neck  of  the  flask 
with  1  or  2  c.c.  of  pure  concentrated  hydrochloric  acid.  The  liquid 
must  not  be  heated.  When  the  solution  is  complete,  it  is  diluted  to 
1  litre  with  distilled  water  and  thoroughly  mixed.  Each  cubic 
ceutimetre  of  this  solution  (conveniently  called  ^4)  contains  O'OOOl  gram, 
or  0*1  mgm.  of  arsenious  oxide.  Of  this  solution,  100  c.c.  are  carefully 
measured  and  transferred  to  another  litre  flask  and  diluted  with 
water  to  1  litre.  This  solution  (conveniently  called  B)  contains  in 
each  c.c.  000001  gram  (O'Ol  mgm.)  of  arsenious  oxide. 

Mall. — It  is  first  necessary  to  obtain  a  malt  free  from  arsenic.  In 
certain  of  the  experiments,  malt  of  this  character  was  obtained  by 
drying  green  malt  by  means  of  steam  heat.  In  others,  a  malt  was 
used  which  had  been  dried  in  cylinders  and  out  of  contact  with  the 
fumes  of  fuel.  The  absence  of  arsenic  in  the  reagents  to  be  employed 
must  also  be  ascertained  by  carrying  out  a  control  experiment  with 
the  malt,  in  all  respects  similar  to  the  actual  experiment,  but  without 
the  addition  of  arsenic. 

Ten  grams  of  arsenic-free  malt,  previously  ground  in  a  mortar,  are 
placed  in  a  porcelain,  or  preferably  a  platinum,  dish,  and  0*2  c.c  of 
standard  arsenic  solution  B,  containing  0*002  mgm.  of  arsenious  oxide, 
is  added  from  a  sufficiently  narrow  burette.*  The  whole  is  then 
treated  in  the  manner  described  in  connection  with  the  examination  of 
malt,  by  the  basic  method.  Similar  deposits  are  obtained  for  0004, 
0-006,  0008,  0010,  0-012,  O'OU,  0*016,  and  0018  mgm.  respectively. 

Hops  and  Hop  SuUtitutes. — A  similar  series  of  standards  for  hops 
and  hop  substitutes  is  prepared  by  taking  5  grams  of  h6p8,  previou.^ly 
ascertained  to  be  free  from  arsenic,  adding  definite  amounts  of  the 
standard  arsenic  solution,  and  carrying  out  the  method  of  examination 
as  described  in  connection  with  hops. 

\Vi}rt  and  Beer, — A  series  of  standards  in  prepared  for  each  of  these 
by  adding  to  25  o.c.  of  the  measured  liquid  definite  amounts  of  the 

*  Tho  burette  Uind  in  the  oxperimenta  hnd  an  internal  diameter  of  7  mm.,  and 
1  c«bio  centimetre  occu|>iod  a  length  of  20  mm. 


MINUTK  QrAVrrrrRS   nv    aiiki.'vi« 


OS', 


•tiouUrd  aneiiie  toluiion  Ji,  uir  lujiiui  iH-mg  troateii  in  the  manoer 
dMeribed  in  comMetion  with  tha  t4utt  for  wort  and  beer. 

A  mrim  of  itindird  for  each  of  the  following 

groapt  of  tabttaneee     :...>.,  .-— «  nnd   invert  sugar), 

yeast  and  yeast  foods,  and  chemical)^. 

^••W. — With  regard  to  the  standarUs  for  fuel,  it  lias  been  hhown  !)y 
direct  experiments  (©.  "The  Estimation  of  Ar«enic  in  Fuel,"  p.  960) 
)iat  all  the  arsenic  which  may  be  present  in  fuel  is  obtained  by  the 
uMthod  deeeribed,  partly  in  the  hydrochloric  acid  distillate  from  the 
aolation  of  the  ash,  and  partly  in  the  solution  containing  the  arsenic 
volatilised  during  combustion  ;  and  the  amount  of  arsenic  in  fuel  may 
be  aoenrately  estimated  by  a  comparison  of  the  arsenic  deposits  ob- 
tained by  testing  the  fuel  in  the  prescribed  manner  with  the  standards 
employed  in  the  case  of  chemicals. 

The  following  table  gives  the  amounts  of  arsenic,  represented  by  the 
▼arioos  standard  deposits,  converted  into  grains  i)er  pound,  or  per 
gallon,  or  per  cwt.,  according  to  the  nature  and  amount  of  the  substance 
tested.  In  the  case  of  malt,  the  amount  of  arsenic  in  grains  per  pound 
is  converted  into  its  equivalent  in  grains  per  gallon  of  beer  on  the 
assumption  that  a  gallon  of  beer  of  the  standard  gravity  1055  is 
produced  from  2  J  lbs.  of  malt. 


I 


Arsenic  deposits  obtained  from 
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10  grams 

of  malt. 

25  C.C. 
of  wort, 
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5  grams  of 

hops,  sugar, 
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other 
Kubetance. 

Igram 
of 

10  grams 
of  fuel 

solntion. 

other 
liquid. 
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sulphur. 
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1*1 

A 

1-09 
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i\ 

1 

1-24 

0-018 

A 

A 

^\ 

/. 

* 

1-40 

The  advantages  of  the  electrolytic  method  are 
1.  That  it  obviates  the  use  of  zinc. 
VOL.  LXXXIII. 
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2.  It  is  simple  in  execution,  is  under  perfect  control,  and  may  be 
carried  out  under  such  conditions  that  the  results  obtained  by  different 
operators  are  strictly  comparable,  inasmuch  as  with  a  current-strength 
of  fair  regularity  the  evolution  of  the  gas  is  practically  constant  and 
uniform. 

3.  The  whole  of  the  solution  to  be  tested  for  arsenic  may  be  added 
to  the  apparatus  at  once,  so  that  during  the  whole  time  of  testing  the 
arsenic  is  under  the  influence  of  the  **  nascent  "  hydrogen. 

4.  It  has  been  established  that  such  amounts  of  arsenic  as  are 
present  in  beer  or  its  ingredients  are  evolved  as  hydrogen  arsenide 
during  the  30  minutes  occupied  by  the  test.  The  nature  of  the 
material  associated  with  the  arsenic  is  found  to  exercise  no  inhibiting 
effect  on  the  formation  and  evolution  of  the  hydrogen  arsenide. 
Aqueous  extracts  of  malts  and  worts  may  be  added  directly  to  the 
electrolytic  apparatus  without  previous  destruction  of  the  organic 
matter  as  required  by  the  zinc  and  acid  process. 

6.  The  deposits  obtained  are  more  uniform  in  character  than  those 
furnished  by  the  zinc  and  acid  method,  and  admit  therefore  of  more 
accurate  quantitative  comparison. 

6.  The  process  allows  of  the  simultaneous  execution  of  a  number 
of  estimations  of  arsenic,  depending  on  the  arrangement  of  the 
rheostat. 

The  disadvantages  of  the  methods  are  : 

1.  The  initial  cost  of  the  apparatus  as  compared  with  that  employed 
in  the  zinc  and  acid  method. 

2.  That  it  can  only  be  applied  when  an  electric  current  of  sufficient 
intensity  is  available. 

I  desire  to  acknowledge  the  great  assistance  I  have  received  from 
Mr.  George  Stubbs  in  working  out  the  details  of  the  method  described 
in  this  communication. 

The  Goveunmknt  Laboratory, 
London,  W.C. 
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\CV. — A  Direct  Method  for  dcteimining  Latent  Heat 

of  Evaporatiotu 

By  Jambs  Campubll  Browm,  D.Se. 

1  s  the  oourae  of  some  investigations  on  natural  fats  made  a  few  years  ago, 
It  was  fbund  desirable  to  determine  the  heat  of  vaporisation  of  certain 
aliphatic  esters  with  eome  degree  of  accuracy.  It  soon  became  apparent 
that  no  method  hitherto  employed  was  reliable,  and  at  the  same  time 
sufficiently  convenient  for  general  use.  The  work  accordingly 
developed  into  an  attempt  to  find  a  more  satisfactory  method,  and  the 
results  of  this  inquiry  are  recorded  in  the  present  paper. 

The  early  experimenters,  who  measured  by  means  of  a  calorimeter 
either  the  heat  absorbed  during  evaporation  or  the  heat  evolved  during 
condenaation  of  a  known  mass  of  the  liquid,  obtained  discordant 
figures. 

The  bestandmost  recent  method  hitherto  employed  is  that  of  Marshall 
and  Ramsay  {Phil.  Mag.^  1896,  41,  38).  These  investigators  compared 
the  heat  of  evaporation  of  two  liquids,  one  known  and  the  other 
unknown,  by  determining  the  loss  of  weight  in  each  case  when  an 
electric  current  is  passed  through  a  wire  immersed  in  the  liquid 
sorroiiDded  by  a  jacket  of  its  own  vapour.  This  process,  which 
obviates  the  necessity  of  knowing  the  specific  heat  and  of  allowing 
for  the  heat  expended  in  raising  the  liquid  to  the  boiling  point,  is, 
however,  only  a  comparative  method,  and  besides  being  attended  by 
difficulties  and  sources  of  error  is  often  dependent  on  the  correct- 
ness of  Griffith's  determination  of  the  heat  of  evaporation  of  benzene, 
a  constant  which  was  obtained  not  directly  from  experiment  but  by 
extrapolation  from  observations  made  between  20°  and  50°. 

After  a  number  of  initial  experiments  had  been  made  with  modi- 
fieatioiis  of  Marshall  and  Ramsay's  method.  Dr.  Ogg,  Assistant- 
Professor  of  Physics  in  the  University  of  Aberdeen,  suggested  that  an 
absolute  method  might  be  founded  on  the  following  lines.  A  current 
of  about  1  ampere  is  sent  through  a  standard  resistance  coil  of  about  0*1 
ohm,  and  then  through  a  platinum  spiral  in  a  flask  or  tube  containing 
the  liquid.  Thb  tube  is  then  placed  in  a  steam  jacket  containing  the 
of  the  same  liquid  at  its  boiling  point  (as  in  Marshall  and 
vfB  method).  The  strength  of  the  current  C  is  determined  by 
the  difference  of  potential  at  the  terminab  RiR^  of  the 
idard  resistance: 

e^Cr  where  r  is  known,  .*.  C  —  - 

r 

difference   of  potential   E   at  the  terminals  of  the  platinum 

3  U  2 
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spiral,  S]S2,  is  then  measured,  and  as  C  is  the  same  in  both  cases  all 
the  data  are  thus  obtained,  the  heat  developed  in  the  spiral  being 
found  from  the  equation  C'^R  =  CE,  where  C  and  E  are  both 
known. 

Starting  with  this  suggestion,  a  method  has  now  been  worked  out 
which  two  years'  experience  has  shown  to  be  reliable.  With  the  view 
of  getting  as  high  figures  as  possible,  and  thereby  obtaining  precise 
readings  on  the  voltmeter,  platinoid  wire  and  also  the  **  Beacon" 
wire  of  Messrs.  Brunton  and  Son,  Musselburgh,  were  tried,  but  these 
are  inadmissible  for  water  or  acids  on  account  of  the  chemical  changes 
taking  place.  Ultimately,  platinum  wire  of  the  special  "  C  "  quality, 
made  by  Messrs.  Johnson  and  Matthey,  was  adopted.     The  resistance 

was  measured  with  either  a  "Weston'* 
or  a  "  Davies  "  voltmeter  very  accurately 
graduated. 

The  spiral  consists  of  31  cm.  of  0*12 
mm.  platinum  "C"  wire,  or  of  61  cm. 
of  0*15  mm.  wire  when  sufficient  of  the 
substance  is  available  for  the  larger  ap- 
paratus ;  this  spiral  is  welded  to  terminals 
of  0*3  mm.  platinum  wire,  and  is  sealed 
into  a  glass  tube  or  bottle  of  soft  German 
glass  approximately  0'5  mm.  in  thickness, 
about  10  cm.  in  length,  and  23  mm.  in 
width.  This  vessel  is  drawn  out,  as  shown 
at  a  in  the  figure,  to  an  orifice  1'5  mm. 
wide,  and  a  loop  of  platinum  wire  or  glass 
is  fused  on  to  it  near  the  top  for  con- 
veniently attaching  it  to  the  balance  when 
charged.  The  spiral,  which  is  generally 
about  35  mm.  high,  should  not  occupy 
more  than  about  one-third  of  the  height 
of  the  tube. 
The  absolutely  pure  and  anhydrous  liquid,  the  latent  heat  of  which  is 
to  be  determined,  is  placed  in  this  tube  in  sufficient  quantity  to  occupy 
about  three-fourths  of*  its  volume.  The  tube  is  then  placed  in  the 
expanded  neck  h  of  the  peculiarly  constructed  flask  o  in  such  a  way 
that  the  thick  platinum  terminals  dip  into  the  mercury  in  the  tubes 
d,  d ;  about  30  to  50  c.c.  of  the  same  liquid  is  placed  in  the  flask  c, 
which  may  vary  in  size  according  to  the  quantity  of  substance  available 
for  the  experiment.  The  cap  0,  which  is  ground  on  to  the  outside  of 
the  neck  in  the  manner  indicated,  also  has  a  fine  orifice  at  the  top. 

The  glass  cover  /  is  placed  over  the  cap  and  is  fitted  tightly  by  an 
indiarubber   ring   placed   round   the   base  of   the  wide   neck.     This 
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cover  has  an  mi  tube  at  ita  lower  pari  oonneoted  with  a  small 
coodeoaer,  which  serves  (o  recover  the  distillate.  The  liquid  in  the 
dask  is  then  made  to  boil  by  immersion  in  a  bath,  so  that  its  vapour  in 
the  inner  jacket  may  heat  the  spirkl  tube  and  its  contents  to  the 
boiling  point.  The  condensed  liquid  passes  back  to  the  flask  and  the 
excess  of  vapour  passes  through  the  orifice  in  the  cap  into  the  outer 
jaeketi  warms  it  also,  and  so  passes  to  the  condenser.  The  spiral  tube, 
which  has  first  been  removed,  and  allowed  to  come  to  the  temperature 
of  the  room,  is  weighed,  the  orifice  being  always  closed  by  a  cap 
during  cooling  and  weighing ;  it  is  then  placed  in  the  apparatus  and 
the  heat  raised  and  maintained  at  the  boiling  point  for  the  same  period 
of  time  as  that  required  for  the  final  experiment.  The  tube  is  again 
taken  out,  weighed,  and  replaced.  The  loss  in  weight  is  the  correction 
required,  owing  to  the  escape  of  any  vapour  from  a,  and  this,  although 
generally  very  small,  is  nevertheless  appreciable. 

The  experiment   is   commenced  when  the  whole    interior   of    the 

instrument  is  at  the  temperature  of  the  boiling  point  of  the  liquid. 

Ti.M  wires  dipping  into  the  mercury  tubes  cf,  d  outside  the   flask  lead 

.meter  and  also,  by  means  of  a  shunt  circuit,  to  a  voltmeter, 

*^  %  battery  of  from  2  to  5  secondary  cells  with  a  convenient 

:ch  can  be  introduced  when  advisable.     The  current  is 

:  on  and  the  time  noted.     The  liquid  in  the  spiral  tube 

L.     :  .^mediately  if  the  experiment  is  to  be  of  any  value. 

The   ammeter  is  watched,  the   reading   and    time   being   recorded 

iltaneously   about   every   two   minutes;    at   the   same   time,  the 

lueter  is  switched  into  the  circuit  and  the  reading  recorded.     At 

the  end  of  perhaps  20  minutes  the  average  amperes  and  volts  are 

calculated.     In  each  experiment,  the  quantity  of  substance  evaporated 

by  the  spiral  in  20  minutes  varies  from  3  to  15  grams. 

Preliminary  experiments  with  water  and  alcohol  disclosed  the  sources 
of  error  and  indicated  what  precautions  are  necessary  in  using  the 
method.  Wire  containing  iron  or  nickel  is  oxidised  and  hydrogen  is 
liberated.  Although  too  high  a  temperature  in  the  coil  decomposes 
the  liquid  and  yields  permanent  gas,  yet,  on  the  other  hand,  ths 
heat  produced  by  the  current  should  be  strong  enough  to  cause  the 
liquid  to  boil  immediately  on  switching  on  the  current  Ulti- 
mately four  storage  cells  with  a  6-volt  glow  lamp  in  the  circuit, 
yielding  a  current  of  0*49  ampere  at  3*94  volts,  gave  the  latent  heat 
of  steam  as  536*8,  and  four  storage  cells  with  no  glow  lamp  in  the 
circuit,  yielding  a  curreiH  of  096  ampere  at  7*74  volts,  gave  the 
value  536*4.  Another  wire  coil  with  4  cells  and  a  resistance  of  3  ohms 
in  the  circuit,  yielding  a  current  of  09625  ampere  and  4*61  volts, 
gave  5341. 

Absolute  ethyl  alcohol   (Kahlbaum)  redistilled  immediately  before 
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use,  with  a  boiling  point  of  78'2°  under  760  mm.  pressure,  gave  the 
following  values  for  the  latent  heat : 


Amperes. 
0005     r  3  cells  current 1*085 

wire    1         „         „        1075 

0-0048  j        „         „       0-7693 

wire    I        „         „       0-7833 


Volts. 

5-14 

51 

5-122 

5106 


I^atcnt  heat. 
216-3 
216-3 
216-5 
216-5 


Mean,  216-4 


Pure  anhydrous  ether  boiling  at  34*8°  gave  the  following  results : 


Amperes. 

Two    storage    cells 0*615 

0-620 

(with  2  ohms  resistance)  0-698 

(no  additional         „       )  0908 

(  „  „       )  0-916 

(1  ohm  „       )  1-066 

(     »  ,,       )  1074 


Molecular  latent  lieat 


Three 


Four 


Volts. 

3-38 

3-40 

3-81 

5-076 

5-13 

5-837 

5-946 


Jjatcnt 
heat. 

84-80 

84-72 

85-02 

84  61 

84-84 

84-76 

84-68 


Mean  84  78 


at  boiliii"^  point. 

ML 


T 


=  20-33 


at  critical  point. 


Where  M  =  molecular  weight ;  Z  =  latent  heat ;  T  and  $  =  absolute 
temperatures  of  boiling  and  critical  points  respectively. 

Preliminary  experiments  were  made  with  other  liquids  in  order  to 
find  the  size  of  wire  and  the  strength  of  current  which  yield  the 
most  reliable  results  with  each  group  of  substances  with  approximately 
similar  boiling  points. 

The  duplicate  determinations  of  the  latent  heat  of  the  alcohols 
tabulated  below  were  made  with  different  strengths  of  current  under 
varying  conditions.  The  samples  employed,  which  were  the  purest 
obtainable,  were  dried  and  redistilled  immediately  before  being  used. 

The  flask  was  heated  by  being  immersed  either  in  a  warm  water- 
bath,  or,  for  higher  temperatures,  in  melted  paraffin,  the  temperature 
of  the  bath  being  maintained  slightly  above  the  boiling  point  of  the 
alcohol. 

To  promote  the  liberation  of  the  vapour,  the  platinum  spiral  was 
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roughened  bj  being  covered  with  platinio  chloride  and  ignited  by  a 
curreiii  to  as  to  produce  a  surface  of  platinum  black. 

The  amyl  aloohol  determinations  were  not  satisfactory  because  the 
inaoiiTe  sample  contained  some  active  constituent ;  the  portion  chosen 
boiled  at  131-6^  and  gave  [a]o  I"".  The  active  sample  boiled  at  130-1'' 
and  cave  la]^  3*25®  only. 


Boiling  I 
jioint. 


Aloohol. 


66-2'       Methyl 


Latent  hmU 


^262-1    \ 
(262-2  j 


97-8 
82*85 

116-8 

108 -S 

100-2 

melts  25* 
131-6 

1301 

1761 
196 


Propyl    .. 

uoPropyl 

Butyl 

ifoBatyl... 

M«..Batyl 

<«r..Butyl 


tioAmyl    (chiefly 
iaactivc) 


tJoAmyl    (chiefly 
actire) 


n.IIeptyl 


n-Octyl  .. 
aecOctyl 


262-3 

262-1 

262-2 

216-3 
(216-3  I 
1216-5  [ 
Ul6  5  J 
/166-1  \ 
\166-5  / 
/161-2  \ 
\161  / 
/143-8  \ 
\H8-2  / 
/138-3  \ 
\138-5  / 
n361  \ 
[136-3 

130-7 

130 

130-5 

124-9 

125-4 

125-1 

1247 

124-8 

124-6 

104-8 

105-2 

105 
97-54 
97-33 
97 -52  J 
94  61 
94-41 
94-4 


Mean. 
262-2 

216-4 

166-S 

161-1 

143-25 

138-4 

136-2 

130-4 
1251 
124-7 
105 
97-46 
94-48 


24-67 

28-29 

26-9 
27-12 
27  14 
26-12 
26-96 

2705 

27-1 

2717 

27-08 

26-97 

27-07 


JfL 


16-27 

19-36 

18-9 
19 
18-9 
19-01 

18-97 
18-97 


I/Stent  hoat 

given  by  other 

observera. 


{263  (Regnanlt). 
261 -6  (Marshall 
and  RamMy). 

r  216 '5  (Marshall 
\  and  Ramsay). 


The  acids  employed  in  the  determinations  tabulated  in  the  following 
table  were  dried  and  redistilled. 

Elzperiments  with  carefully  dried  formic  acid  from  various  sources 
gave  discordant  results,  and  the  sample  finally  chosen  was  one  specially 
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prepared  by  Kahlbaum  and  transmitted  in  a  sealed  tube ;  this  was 
placed  over  phosphoric  oxide  and  distilled  immediately  before  use. 
Three  cells  with  three  different  resistances  were  used  in  the  three 
experiments  indicated. 

The  value  of  — —  for   butyric  acid    is   probably  incorrect,  as   the 
6 

critical  temperature  of  338°,  calculated  by  Guldberg,  is  almost  the 

Hame  as  the  figure,  339*9°,  given  by  Pawlewski  for  propionic  acid. 


I^oiling 
l>oint. 


lor 

117-4 

HI 

163 

154 

184-6 
176-3 


Acid. 


Formic 


Acetic. 


Propionic 


Butyric 


MoButyric 


Valeric,  normal.. 


woValuric 


Latent  heat. 


103 

103  1 

103-2 

101-2 

100-9 

101 


Mean. 


120-37 


97  05 


128-93 


113-96 


111-5 


103-1 


101-03 


ML 
T  ' 


1478 

14-88 
23-01 
22-97 

22-94 

22  94 
22-9 


ML 

e  ' 


9-78 
16-55 
16-4? 


Latent  ho.it 

given  by  other 

obeervers. 


120-4        (Reg- 

nault). 
120-4  (Marshall 
and  Ramsay). 

97    (Marshall 
and  Ramsay). 


When  the  esters  were  being  examined,  it  was  considered  desirable 
to  compare  the  results  directly  with  some  of  the  same  samples  as  those 
used  by  Marshall  and  Kamsay.  Professor  Sidney  Young  kindly  sent 
me  the  samples  of  methyl  acetate  and  methyl  propionate  which  had 
been  used  by  ^laraiiall  and  llamsay ;  these  were  dried  before  use  by 
distillation.  The  result  was  in  both  cases  slightly  higher,  but  the 
difference  was  ^mall. 
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|«Ottll. 


K  t,i. 


oJ  :>  N!  tiiyl  loniiaie 

^  1 1     (S.  Voung'a) 

1 
54 -2         I   Ethyl  formate... 


110-4     [ 
UO-4    j 


llean 
110-45 


—         98  26 


C4 


7S-9 
79 

77-3 


81-2 

92-4 

lOi-5 

99 -2 

102-3 

98-2 
116-2 

109-8 
1206 


122-6    ^•^ 


[124-2 
116 

123-2 


Mothvl  im>pioii«t« : 

(S.  Voangs) 

I    (KahlUom's)   


KthylaceUto  

Propyl  formate  

Methyl  uobatyrate., 

I 

I  Methyl  batyrate 

I  Ethyl  propionate   .. 


Propyl  acetate. 


iwBatyl  formate    ... 

'I  Methyl  tiovaieratc... 

Ethyl  iioba^rrate  ... 

Ethyl  batyrate  

Propyl  propionate ...  -v 

Butyl  aceUte { 

uoBatyl  acetate { 


tfoAmyl  formate. 


I 


100 

100-2 

100 

89-2 

88*8 

88  18 

88-2 

88-72 

90*31 

90-28 

90-48 

7909 

79 

7911 

79*54 

80 

79-71 

80*5 

80*48 

80-5 

80*37 

80*41 

80*5 

80*46 

80-54 

80  11 

80  11 

80-15 

72  5 
72-86 
72-28 
71*97 
71-99 
71-91 

73  69 
73  72 
73-55 
73-84 
73  7 
73  65 
V8-92 
73-89 
72-47 
72-28 
72  64 
7372 
73-81 
73*72 


1001 

-  88*87 
'  90-36 

79*07 
►  79-75 

80  3 

80-45 

80*12 
72*38 
71^5 


T  ' 


216 
22 

22*7 

22-22 
22-16 

22*41 

22-03 

21*63 

22-03 

21-82 

21-98 
21*56 
21-76 


78-05,21*67 

I 

73-73    21*59 


73-9    '21 -6 


72  46    21*57 

I 

i 
73-75  I  21-56 


Manhall 

and 
BMMay. 

13*64 

1101 

14-18 

97 

14-52 

94-4 

14-6 

89 

14-67 

88-1 

14-7 

90*2 

14-73 

75 

14-74 

79*7 

14*82 

81*8 

14*75 

83*2 

14-8 

— 

14*8 

— 

14-77 

— 

14-79 

— 

14-79 

— 

14-79 

— 

14-76 

— 

14-8 

— 

Schiir. 


93^5 

92-16 

84  15 

83-07 

85*25 

76-5  < 

77-25 

771 

77-3 

77 

69*95 

69-2 

71-5 

71*5 

69-9 
71-65 
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Boiling 
point. 


1J3-6  C,- 

148-4         f 

157  c 

1C06 

169-4        r 

Co. 

169-4         I 

207-6  C,o 

227  Cn 


Ester. 


Elliyl  /syvulcrato    ... 

Pi-opyl  butyrate 

MoAmyl  acetate 

woButyl  wobulyrate. 
KvoButyl  butyrato  ... 

woAmyl  propionate. 

isoButyl  ?«ovalcrate. . 

woAmyl  butyrato   ... 
Ethyl  caprylatc 


Latent  heat. 


Ethyl  nonylato 


67-85 

67-7 

67-92 

68-28 

68-23 

68-36 

69 

68-92 

69-07 

63-3 

63-51 

64-62 

64-51 

64  65 

65-33 

65-37 

65-22 

60-43 

60-32 

60-47 

61-79 

61-86 

61-72 

60-53 

60  39 

57-98 

58-17 


6  'r67-8-] 


68-29 


69 


f 

j  63-4 


64-59 


65-31 


60-41 


61-79 


f 

I  60-46 
I  58  08 


ML 
T' 

ML 

0  ' 

21-6 

— 

21-27 

14-79 

21-58 

— 

21-63 

— 

21-6 

— 

21-66 

— 

21-54 

— 

21-67 

— 

21-6 

21-57 

— 

Marshall 

and 
Rainsaj. 


SchifT. 


64-65 

66-3 

66*85 
59-95 
61-9 

63  05 

57-85 

59-4 


It  will  be  seen  that  in  the  same  isomeric  group  the  latent  heat  is 
lower  when  the  radicle  attached  to  the  oxygen  atom  is  the  simpler, 
whilst  that  attached  to  the  carbon  atom  is  the  more  complex.  Among 
the  esters,  as  in  the  case  of  the  alcohols  and  acids,  side  chains  lower 
the  latent  heat  of  isomerides. 

I  have  to  acknowledge  my  indebtedness  to  Dr.  W.  B.  Davidson  for 
much  assistance  in  the  preliminary  work  and  to  Mr.  W.  H.  Roberts, 
M.Sc.,  who  has  carried  out  most  of  the  final  determinations. 

Univkiihity  Collkoe, 
LivBurooL. 
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\<     \    1. Reactions    ilf  fin-     Adflunm.     xj       ':'  Jin 

Cj/anide  (<>   c  '/  '  /^    Compounds. 

By  Abtour  Lapworta 

It  is  pfobably  a  geDenil  experience  that  in  preparing  cjranohydrinH  bj 
ibe  addition  of  the  elements  of  hydrogen  cyanide  to  ketones  and 
aldehydes,  the  speed  of  the  reaction  and  the  yield  of  cyanohydrin 
obtained  may  vary  in  an  extraordinary  manner,  even  when  the  experi- 
MMitil  oooditions  are  apparently  constant.  Hitherto,  no  systematic 
attempU  wem  to  have  been  made  to  discover  the  cause  of  the  variation, 
but  amongst  the  records  as  to  the  effects  of  impurities  or  of  slight 
alterations  of  the  method  adopted,  the  following  points  appear  very 
significant. 

In  preparing  the  cyanohydrins  of  the  aldoses  aad  ketoses,  Kiliani 
found  that  the  addition  of  a  drop  of  ammonia  to  the  anhydrous  hydro- 
gen cyanide  was  of  great  assistance  {Ber.,  1888,  21,  916;  and  1889, 
22,  370).  This  effect,  however,  might  have  been  the  result  of  the 
usual  influence  of  alkalis  in  accelerating  desmotropic  change,  and  in 
thi.<)  case,  possibly,  the  base  assisted  in  the  necessary  initial  formation 
of  the  carbonyl  modification  of  the  sugar  (compare  Lowry,  Trans., 
1899,  75,  214). 

Again,  it  is  frequently  noticed  that  hydrogen  cyanide  is  more  re- 
active when  it  is  being  produced  in  presence  of  the  unsaturated  com. 
pound,  and  the  statement  is  occasionally  made  to  the  effect  that  only 
by  the  use  of  this  process  can  the  addition  products  be  obtained  (com- 
pare  Bredt  and  Kallen,  Annalen,  1896,  293,  340).  The  use  of  the 
term  "  nascent "  as  applied  to  such  a  case,  namely,  where  an  electrolyte 
is  being  formed  by  an  ordinary  double  decomposition,  is  open  to  serious 
objection,  and,  from  the  standpoint  of  the  electrolytic  dissociation 
hypothesis,  is  meaningless,  for,  when  once  formed  in  this  way,  the 
sabatance  is  still  nascent  in  precisely  the  same  sense,  that  is  to  say,  is 
being  continuously  regenerated  from  its  ions. 

The  whole  question  being  in  this  unsatisfactory  condition,  it  seemed 
very  desirable  that  the  matter  should  be  more  closely  examined,  atten- 
tion being  particularly  directed  to  the  effect  produced  by  small 
quantities  of  agents  which  might  not  improbably  influence  the  speed 
of  the  reactions.  There  are  many  difficulties  in  the  way  of  devising 
any  fairly  precise  method  for  the  quantitative  measurement  of  the 
quantities  of  ketone  and  aldehyde  cyanohydrins  formed  within  definite 
periods  of  time,  for,  owing  to  the  fact  that  these  compounds  are  un- 
doubtedly dissociated  to  some  extent  in  solution,  any  attempt  to 
separate  completely^  the  free   hydrocyanic  acid   might  lead  to  the 
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destruction  of  a  part  of  the  cyanohydrin  itself,  and  the  use  of  silver 
nitrate  or  of  alkalis  is  consequently  altogether  excluded. 

It  was  therefore  decided  to  resort  to  a  method  of  investigation  in 
which  the  speed  of  reaction  could  be  roughly  gauged  by  means  of  a 
colour  change,  and  for  this  purpose,  advantage  was  taken  of  the  fact 
tliat  camphorquinone  has  a  bright  yellow  colour,  which  is  perceptible 
even  in  very  dilute  solutions,  whilst  its  cyanohydrin  is  almost,  if  not 
quite,  colourless.  The  use  of  this  substance  appeared  particularly 
likely  to  lead  to  definite  results,  as  in  the  original  experiments  in 
which  the  cyanohydrin  was  prepared  in  quantity  (Trans.,  1901,  79, 
382)  the  time  of  reaction  and  the  yields  obtained  had  been  found  to 
vary  in  an  inexplicable  manner. 

It  was  anticipated  that  small  quantities  of  acids,  bases,  cyanides, 
and  other  electrolytes  would  be  likely  to  produce  some  noteworthy 
influence  on  the  velocity  of  reaction,  and  the  effect  of  these  in  par- 
ticular was  investigated,  although  other  possibilities  were  also  tested. 

TIte  Effect  of  Catalytic  Agents  on   the    Velocity  of  Formation 
of  Camphorquinone  Cyanohydrin. 

The  quinone  was  generally  used  in  dilute  alcoholic  or  aqueous  solu- 
tion ;  excess  of  freshly  distilled  hydrocyanic  acid  was  added,  and 
portions  of  the  resulting  yellow  solution  were  then  transferred  to  well- 
stoppered  glass  vessels;  into  these  were  then  introduced  varying 
quantities  of  the  agent  the  effect  of  which  it  was  desired  to  ascertain, 
a  record  of  the  time  taken  for  the  disappearance  of  the  visible  yellow 
colour  being  made  in  each  case.  With  the  dilutions  usually  employed, 
the  colour  of  the  solutions  in  the  absence  of  foreign  substances  dis- 
appeared in  about  8 — 10  hours. 

Mineral  acids  in  small  quantities  were  found  to  prolong  the  time 
occupied  to  a  very  marked  extent,  and  with  one  drop  of  ordinary 
hydrochloric  acid  in  10  c.c.  of  the  solution  no  noticeable  diminution  in 
colour  had  taken  place  at  the  end  of  14  days.  Small  quantities  of 
acetic  acid  and  other  weak  acids  produced  a  less  marked  retardation. 
With  large  quantities  of  mineral  acids,  also,  a  very  great  retardation 
was  observed,  and  no  evidence  could  be  obtained  after  3  weeks  that 
any  cyanohydrin  had  been  formed  ;  this  result  did  not  necessarily 
follow  from  the  similar  effect  of  smaller  quantities. 

Small  quantities  of  bases,  on  the  other  hand,  produced  a  very  gn  at 
acceleration,  and  one  drop  of  15  per  cent,  aqueous  potassium  hydroxide 
in  100  c.c.  of  the  yellow  solution  caused  a  disappearance  of  the  colour 
within  the  space  of  a  few  seconds ;  with  a  corresponding  quantity  of 
ammonia,  a  less  marked  effect  was  noticed,  but  even  here  the  dura'^ 
of  the  action  was  measured  in  minutes  instead  of  in  hours;  the 
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kivoiuIaiv.  or  tcrtUry ;  with  the  weaker  organic  haeee,  eoch  m  pyr- 
idine, the  reeolte  again  were  quite  appreciable  when  comparatively 
large  quantitiee  were  used,  and  thej  were  of  the  same  nature. 

With  tmall  qoantitiee  of  neutral  salts,  such  as  sodium  nitrate  or 
chloride,  the  efiPects  were  very  doubtful,  but  sodium  sulphate  in  large 
quantity  appeared  to  cause  a  slight  acceleration.  With  the  sodium  or 
potaasium  salts  of  weak  acids,  on  the  other  hand,  a  marked  aooeleration 
was  noticed,  and  substances  like  borax  or  sodium  phosphate  behaveJ 
in  much  the  same  way  as  alkalis. 

Fdtasslum  cyanide  produces  a  great  acceleration,  but  this  in  itself 
might  be  attributed  to  the  effect  of  the  alkaline  nature  of  its  solutionH. 
If,  however,  a  solution  of  camphorquiDonecyanohydrin  at  60^  is  ren- 
dered alkaline  by  the  addition  of  potassium  hydroxide  until  a  faint 
yellow  colour  appears,  indicating  that  the  cyanohydrin  is  partially  de- 
conpoeed,  and  a  little  powdered  potassium  cyanide  is  then  introduced, 
the  solution  again  becomes  colourless.  Thus,  whilst  a  large  concentra- 
tion of  alkali  causes  the  reversal  of  the  reaction,  with  potassium  cyanide 
this  is  not  the  case. 

The  ooDclusion  to  be  drawn  from  the  experiments  seemed  obvious  ; 
ba&ic  substances  act  in  virtue  of  the  fact  that  they  diminish  the  con- 
centration of  the  hydrogen  ions,  which  themselves  retard  the  change. 
When  small  quantities  of  bases  or  potassium  cyanide  are  present, 
the  concentration  of  the  cyanogen  ions  must  increase,  whereas  it 
diminishes  in  presence  of  hydrogen  ions.  It  was  probable,  therefore, 
that  the  reaction  velocity  depended  mainly  on  the  concentration  of 
the  cyanogen  ions,  and  all  subsequent  experiments  have  only  served 
to  confirm  this  view. 

The  value  of  the  so-called  *' nascent"  as  compared  with  *'free" 
hydrogen  cyanide  is  thus  clearly  understood ;  in  the  latter  instance, 
until  the  theoretical  quantity  of  strong  acid  has  been  added,  potassium 
cyanide  is  present,  and  the  effect  of  this  would  be  most  marked  in 
cases  where  the  salt  is  entirely  dissolved  in  the  solution  containing 
the  unsaturated  substance.  Doubtless,  too,  the  varying  yields  ob- 
tained in  many  cases  depend  on  the  precise  amount  of  acid  introduced  ; 
if  a  little  less  than  the  amount  required  to  entirely  decompose  the 
cyanide  is  used,  the  reaction  will  continue  rapidly ;  if  more,  then  the 
velocity  will  be  greatly  diminished. 

I  Experiments  on  other  substances  have  been  made  in  order  to  test 
more  closely  the  validity  of  the  above  view.  The  following  examples 
r— 
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Condensation  of  Bemylidenehenzyl  Cyanide  loith  Hydrogen  Cyanide. 

With  the  object  of  preparing  considerable  quantities  of  symmetrical 
diphenylsuccinonitrile,  the  author,  in  conjunction  with  Mr.  A.  W. 
Harvey,  made  a  considerable  number  of  attempts  to  bring  about  the 
condensation  of  hydrogen  cyanide  with  benzylidenebenzyl  cyanide  in 
the  manner  represented  by  the  equation  CH.PhICPh*CN  +  HCN  = 
CHPh(CN)-CHPh-CN. 

The  experiments  were  performed  under  a  great  variety  of  conditions 
and  at  varying  temperatures,  but  without  success,  and  the  work  was 
temporarily  abandoned.  With  the  knowledge  gained  in  the  above  in- 
vestigation of  the  camphorquinone  condensation,  the  attempt  was 
repeated  in  the  following  manner. 

Five  grams  of  benzylidenebenzyl  cyanide  were  dissolved  in  100  c.c. 
of  alcohol  containing  1  molecular  proportion  of  dilute  hydrocyanic 
acid,  and  the  whole  heated  in  a  stoppered  bottle  at  100°;  at  the  end 
of  2  hours  there  was  no  evidence  that  any  reaction  had  occurred.  A 
solution  of  4  grams  of  potassium  cyanide  in  15  c.c.  of  water  was  then 
added,  and  the  heating  recommenced ;  in  5  minutes,  rapid  separation 
of  a  crystalline  material  commenced,  and  at  the  end  of  half  an  hour 
the  bottle  was  cooled,  and  the  solid  material  collected,  washed  with 
alcohol,  and  finally  with  ether,  which  readily  dissolves  the  unaltered 
benzylidene  compound.  The  crude  product  presented  the  appearance 
of  a  colourless,  crystalline  powder,  and  when  dry  weighed  2*5  grams ; 
it  was  found  to  be  a  mixture  of  the  a-  and  yS-diphenylsuccinonitriles, 
which  was  analysed  without  further  purification  : 

0-3021  gave  0-9183  COg  and  01481  H^.     C  =  82-6  ;  H  =  5-4. 
CioH^gNg  requires  C  =  82  8  ;  H  =  5-2  per  cent. 
O15U11N        „        C  =  87-8;  H  =  5-4 

It  is  interesting  to  notice  that  the  same  mixture  of  dipheuylsuccino- 
nitriles  was  made  by  Challanay  and  Knoevenagel  (/i«r.,  1892,  25^ 
289)  by  warming  mandelonitrile  with  benzyl  cyanide  and  potassium 
cyanide  on  the  water-bath.  Doubtless,  this  process  takes  place  in  the 
following  stages:  (1)  the  reversible  decomposition  of  the  mandelic 
nitrile  into  benzaldehyde  and  hydrocyanic  acid,  (2)  the  condensation 
of  the  benzaldehyde  and  the  benzyl  cyanide  in  the  alkaline  solution  to 
form  benzylidenebenzyl  cyanide,  (3)  the  condensation  of  the  latter 
with  the  hydrogen  cyanide,  in  presence  of  the  potassium  cyanide^  to 
form  the  dinitrile.  Thus,  the  two  methods  are  in  reality  the  aame^ 
but  whilst  the  ppcess  of  Challanay  and  Knoevenagel  requires  18  hours, 
when  the  condensation  is  carried  out  in  the  way  above  described,  it 
does  not  occupy  more  than  one  hour. 


j 
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CamitmmHam  rf  PkoroM  wUh  I/i/drogen  Cyanide, 

AnaohiiU  (ifir.,  1893,  26,  827)  prepared  phorononitrile  from  the 
unmiurmUd  ketone  b^  first  saturating  the  latter  with  hydrogen 
eUoride  and  then  boiling  the  dihydrochloride  with  potassium  cyanide 
in  dilute  alcohol,  lie  found  that  it  was  necessary  to  heat  the  mixture 
for  18  hours,  and  that  the  yield  obtained  was  very  uncertain.  The 
following  experiments  show  that  no  advantage  is  gained  by  first  pre- 
paring the  dihydrochloride. 

A  solution  of  10  grams  of  phorone  in  alcohol  containing  1  mole- 
eolar  proportion  of  hydrogen  cyanide  was  warmed  for  an  liour  at  100', 
as  in  the  foregoing  experiment,  at  the  end  of  which  time  the  solution 
was  quite  clear.  The  bottle  was  therefore  cooled,  and  1  molecular 
proportion  of  potassium  cyanide  dissolved  in  a  little  water  was  intro- 
duced, and  the  heating  then  recommenced.  A  well-defined,  crystalline 
material  began  to  separate  within  10  minutes,  and  increased  i-apidly 
in  amount ;  at  the  end  of  an  hour  it  was  removed,  washed  with  alcohol, 
and  dried«  The  product,  which  was  nearly  pure  phorononitrile, 
weighed  6  grams,  and  a  further  quantity  was  obtained  from  the 
mother  liquor : 

0-3128  gave  0-7170  CO,  and  02337  H,0.     C-62-5  ;  II -83. 
CjiHjjOjN,  requires  C  =  62*9  ;  H  =  86  per  cent. 

The  methods  above  described  are  not  those  recommended  for  the 
preparation  of  diphenylsuccinonitrile  and  phorononitrile,  but  were 
made  for  the  purpose  of  showing  that  the  rapid  condensation  is  not 
dependent  on  *'  nascent "  hydrogen  cyanide  but  on  the  presence  of 
potassium  cyanide.  It  is  much  more  convenient  to  warm  an  alcoholic 
solution  of  these  compounds  on  the  water-bath  with  an  excess  of 
potassium  cyanide  (1*25 — 1-5  mols.)  dissolved  in  several  times  its  own 
weight  of  water,  gradually  introducing  at  the  bottom  of  the  mixture 
1  molecular  proportion  of  hydrochloric  acid  by  means  of  a  thistle 
funnel  with  a  very  small  terminal  aperture. 

In  connection  with  this  method,  it  should  be  mentioned  that  Bredt 
and  Kallen  (AnnaUn,  1896,  293,  350)  prepared  the  hydrogen  cyanide 
addition  product  of  ethyl  benzylidenemalonate  by  adding  hydrochloric 
acid  to  a  cold  alcoholic  solution  of  the  unsaturated  ester  in  presence  of 
ium  cyanide ;  they  also  made  a  number  of  /3-cyano-acids  by 
^warming  solutions  of  the  esters  of  alkylidenemalonic  acids  with 
dum  cyanide,  the  cyano-esters  being  hydrolysed  in  the  prooees. 
esters  did  not  react  under  other  conditions,  but  the  activity  of  the 
bydrogen  cyanide  was  erroneously  attributed  to  the  circumstance  that 
it  was  present  "  in  $tatu  na$cendi," 
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The  Meclianism  of  tlie  Hydrogen  Cyanide  Addition  Process. 

The  foregoing  observations  appear  to  be  of  considerable  value  in 
connection  with  the  theory  of  the  mechanism  of  the  process  of  the 
formation  of  cyanohydrins.  The  most  natural  way  of  expressing  the 
reaction  as  a  whole  is 

>C  =  0  +  HCN=  >C(OH)-CN (A) 

or  >C  =  0  +  H  +  CN=   >C(OH)-CN     .     .     .     .     (i?) 

according  as  it  is  the  hydrocyanic  acid  itself  or  its  ions  which  are 
really  concerned. 

The  extraordinary  effect  of  the  cyanide  ions  at  once  renders  (A) 
highly  improbable,  because  the  hydrogen  cyanide  being  a  weak 
electrolyte  is  usually  present  almost  entirely  in  the  undissociated  form  ; 
its  amount  is  increaced  only  to  a  very  slight  extent  by  the  addition  of 
small  quantities  of  either  strong  acids  or  cyanides,  both,  it  should  be 
observed,  decreasing  its  dissociation.  The  equation  {B)  represents  a 
change  the  velocity  of  which  would  be  proportional  to  the  product 
of  the  concentrations  of  the  ions  of  the  hydrocyanic  acid,  and  this 
again,  in  accordance  with  the  general  law,  is  unaltered  by  the  addition 
of  small  quantities  of  acids,  bases,  or  cyanides.  Neither  view,  there- 
fore, can  correctly  represent  the  mechanism. 

There  appears  to  be  only  one  suggestion  which  is  of  any  real  assist- 
ance in  this  case,  and  this  is  one  which  was  made  by  the  author 
(Trans.,  1901,  79,  1267),  to  account  for  the  commoner  types  of 
change  among  carbon  compounds.  The  suggestion  was  simply  a 
proposal  to  extend  to  carbon  compounds  the  well-known  principle  * 
that  ions,  and  particularly  weak  ones,  frequently  unite  with  neutral 
components  which  possess  *♦  residual  affinity,"  thus  forming  complex 
ions,  the  process  being  frequently,  if  not  invariably,  a  reversible  one 
(compare  Abegg  and  Bodlilnder,  Zext.  anorg.  Cliem,^  1899,  20,  453). 

•  The  main  features  of  the  principle  of  "  complex  ions"  advanced  by  Abegg  and 
Bodldndcr  (loc.  cit.)  nmy  l)e  brielly  snmmariscd  iu  the  following  words : 

Ions,  and  more  pnrticulnrly  weak  ones,  inny  unite  with  neutral  componenta 
which  possess  some  form  of  residual  affinity,  thus  forming  complex  ions.  These 
appear  to  have  a  greater  affinity  for  the  electric  charge  than  the  simple  ions,  since  it 
is  the  latter  which,  during  electrolysis,  are  liberated  at  the  electrodes  in  their 
neutral  state,  providing,  of  course,  that  the  concentration  of  the  liquid  or  the 
current  density  is  not  too  great  to  admit  of  the  sufficiently  rapid  regeneration  of 
the  simple  from  the  complex  ions. 

In  explanation  of  the  greater  "electro-affinity  "  of  the  complex  ion,  it  i«  pointo<i 
out  (tftirf.,  p.  476)  that  by  the  distribution  of  the  charge  on  the  simple  ion  over  the 
larger  surface  of  the  former,  its  potential  will  naturally  l)c  diminished,  and  therefore 
the  ease  with  which  it  is  held  should  now  bo  greater. 
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At  Um  ptmeut  Uom,  iv  ov«ii«o  4.^010  probable  ihaa  ever  that  this 
prootM  may  be  om  of  Um  most  imporUnt  faotora  in  the  reeeiioiM  of 
cerboo  eompoondt,  and  has  been  emplojed  in  isolated  oases  bj  other 
worken  (eompare  Hantssch  and  Schumann,  B§r,,  1899»  83,  1691). 

On  this  assumption,  two  possibilities  at  onoe  present  themselves, 
aamelj  (C)  that  oomplez  ions  are  formed  by  the  hydrogen  ions  by 
union  .with  the  ketone  or  aldehyde,  followed  by  a  union  of  these 
oonplez  ions  with  the  cyanogen  ioDS,  or  (D)  that  it  is  the  cyanogen 
MMia  which  form  the  initial  complex,  the  two  processes  being  repre- 
eenled  by  the  following  diagrams  : 

4-  t  t  - 

B,C:0  +  H  '<r->  RjC-OH  and  R,C-OH  +  CN  -^->  R,0(OH)-CN  ...(C) 

R,C:0  +  CN<-->R,-C(CN)-6and  R,C(CN)-6  +  H<->R,qOH)-CN  (D) 

It  is  essy  to  show  that  the  law  of  mass  action  when  applied  to  the 
case  of  (C)  would  predict  no  acceleration  by  the  addition  of  a  base,  but 
rather  the  reverse,  and  this  is  true  whatever  may  be  the  relative 
reaction-velocities  of  the  two  stages.  In  the  case  of  (Z>),  however,  the 
pvedioted  results  would  be  precisely  thoee  obtained  in  practice,  namely, 
■eeeleration  by  bases  and  by  cyanides  of  the  alkali  metals  and  retard- 
ation by  acids ;  if  the  second  stage  is  very  rapid  in  comparison  with 
the  first,  it  may  readily  be  seen  that  the  velocity  will  be  proportional 
to  the  concentration  of  the  cyanogen  ions  present. 

If  objection  is  taken  to  any  ionic  view  of  the  change,  it  may  be  sug- 
gested that  the  formation  of  cyanobydrins  in  presence  of  potassium 
cyanide  will  be  represented  most  satisfactorily  as  follows : 

(1)  >C:0  +  KCN  =  >C(OK)-CN  (K) 

(2)  >C(OK)-CN  +  HCN  -  >C(011).CN  +  KCN    ...(F) 

although  it  should  be  noticed  that  this  hypothesis  does  not  embrsoe 
the  whole  series  of  observations  described  abovefas  is  the  case  with  the 
explanation  previously  advanced. 

Even  if  it  is  admitted  that  the  ions  of  the  cyanide  are  directly  con- 
cerned io  the  change,  the  view  might  be  held  that  the  rsaotione  eould 
be  represented  in  a  simpler  manner  by  supposing  that  the  ionised  salt 

4-       - 
acU  in  the  following  way,  >C:0  +  K  +  CN  -  >C(OK)-CN,  but  this 

mode  of  representing  the  change  would  render  it  necessary  to  assume 
the  subeequent  hydrolysis  ef  this  substance,  either  as  in  (F), 

>C(OK)-CN  -H  HCN(or  H,0)  -  >C(OH)-CN  -i-  KON(or  KOH), 


or,  in  order  that  this  view  may  poewsa  any  claim  whatever  to  recog- 
nition as  a  consistent  explanation,  the  last  process  must  be  represented 
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in  the  usual  way  as  the  hydrolysis  or  double  decomposition  of  the  salt 
of  a  weak  acid, 

This  hypothesis,  which  is  not  less  complicated  than  that  put  forward 
above,  is  one  in  which  the  formation  of  the  complex  ion  is  again  neces- 
sarily assumed.  Moreover,  this  view  supplies  no  clue  whatever  to  the 
retarding  influence  exerted  by  the  addition  of  small  quantities  of  acids, 
but  requires  that  they  should  produce  no  effect.  The  real  difference 
between  the  two  ionic  views  is  exhibited  in  the  following  diagram : 

>c:o 


where  the  reversible  reaction,  A,  is  assumed  in  the  one  case,  and  B  in 
the  other.  The  views  differ  in  the  same  way  as  those  which  may  be 
taken  of  the  formation  of  an  ammonium  ion  from,  say,  ammonia  and 
water,  namely, 

NH3 

b/  \  A 

NH4OH  ^>     NH,. 

The  experiments,  therefore,  make  it  appear  probable  that  the  forma- 
tion of  cyanohydrins  is  to  be  represented  as  ^a  comparatively  slow  union 
of  the  negative  cyanide  ions  with  the  carbon^-l  compound,  followed  by 
the  almost  instantaneous  combination  of  the  cojnplexes  with  hydrogen 
ions.  This  was  a  prwri  the  most  probable  mode  o^.  viewing  the  mechan- 
ism, as  had  been  previously  pointed  out  (Trans.,  1901,79, 1268),  where 
the  exactly  inverse  process  was  suggested  in  alludii^g  to  the  disruption 
of  acetone  cyanohydrin  by  alkalis.  , 

If,  then,  hydrogen  cyanide  addition  reactions  are  tL)US  to  be  explained, 
it  should  follow,  where  the  addition  product  is  not' easily  decompoeed 
by  alkali,  that,  in  the  presence  of  water  to  provide  the  hydrogen  ions, 
potassium  cyanide  itself  in  sufficiently  concentrated'  solution  should  be 
capable  of  effecting  the  conversion. 

The  following  experiments  were  therefore  ma('ie  in  order  to  teet 
this  conclusion.  > 
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Actum,  qf  roiaaium  C^<iHid$  on  AUUhy<U$^  iTftoncf,  tmd  afi-l/nmiW' 
attd  K^tonMt  amd  HitrtUi. 

(a)  Catmpkofquimm*, — The  quinooe  (5  grams)  was  diatolved  in  ether 
and  ihaken  with  a  moderately  strong  cold  Kolution  of  potassium 
ojanide  (10  gramn).  The  yellow  colour  rapidly  dimiDished  inioieDsityf 
and  when  no  further  alteration  was  apparent,  the  ethereal  solution 
was  removed,  washed  repeatedly  with  water,  dried  over  calcium 
ehloride,  and  evaporated  by  means  of  a  current  of  air,  the  residual 
yellow  mass  being  treated  with  fuming  sulphuric  acid  in  the  method 
reoommwided  in  a  previous  paper  (Trans.,  1901,  79,  382).  The 
ookmilen,  mierocrystalline,  crude  product,  which,  when  dry,  weighed 
about  1*5  grams,  had  all  the  properties  of  a  mixture  of  the  amides  of 
the  a-hydrozycamphorcarboxylic  acids,  and  on  crystallisation  from 
iMlooe  gave  the  pure  amide  melting  at  235 — 240° : 

0J802  gave  0-6419  00,  and  0-2105  H,0.     C  «  623  ;  H  =  83. 
CjiHj^OjN  requires  C»62*6;  H«81  per  cent. 

(b)  Benwaldthyde. — Twenty  grams  of  the  aldehyde  were  shaken 
with  20  c.c.  of  water  containing  phenolphthalein,  and  sodium  hydroxide 
was  added  until  the  water  showed  a  permanent  alkaline  reaction.  A 
solution  containing  45  grams  of  potassium  cyanide  in  150  c.c.  of 
water  was  then  added,  and  the  shaking  continued  for  2  minutes  ; 
after  this  the  whole  was  left  until  a  separation  into  two  layers 
occurred,  when  the  clear  oil  was  removed  and  shaken  repeatedly  with 
large  quantities  of  water  rendered  faintly  alkaline  with  sodium 
hydroxide,  when  it  was  removed, dissolved  in  ether,  and  dried  over  calcium 
chloride.  The  product  thus  obtained  was  boiled  with  strong  hydro- 
chloric acid  and  worked  up  for  mandelic  acid  in  the  usual  way.  The 
add,  recrystallised  from  benzene,  weighed  3  grams  and  melted  at 
116 — 117*^  (pare  mandelic  acid  melts  at  118°).  A  larger  quantity 
could  probably  have  been  obtained,  as  a  considerable  amount  of 
material  was  rejected  during  the  purification. 

(c)  BmutyUdgntbtnzyl  Cyanide, — Five  grams  of  benzylidenebenzyl 
cyanide  dissolved  in  dilute  alcohol  containing  5  grams  of  potassium 
cyanide  gave  1*8  grams  of  the  mixed  diphenylsuccinonitriles  after  20 
minutes'  heating  on  the  water-bath. 

(d)  Pkonms. — Five  grams  of  pborone  warmed  on  the  water-bath 
with  10  grama  of  potaatiom  cyanide  dissolved  in  dilute  alcohol  gave 
3-9  grams  of  the  pure  nitrile  after  45  minutes. 

Although  it  is  impossible  to  bring  potassium  cyanide  and  water 
together  without  producing  some  free  hydrocyanic  acid,  it  was,  never- 
theless, thought  necessary  to  make  the  above  experiments. 

3x2 
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The  Benzoin  Reaction. 

It  is  now  generally  accepted  that  the  condensation  of  ketones  and 
aldehydes  with  compounds  such  as  ethyl  malonate,  acetoacetate, 
benzyl  cyanide,  and  in  general  such  substances  as  contain  the  grouping 
>CH-R  (where  -11  = -CO-,  •NO2,  -CN,  -SO./)  is  the  result  of  an 
additive  process  in  which  a  hydroxy-compound  is  produced,  as,  for 
example  : 

Ph      Ph  Ph   Ph 

h-(^h  +  ch:o    =    H(J;— (JH-OH 

CN  CN 

Now  it  has  been  shown  that  the  first  product  of  the  action  of 
potassium  cyanide  on  benzaldehyde  is  mandelonitrile  ( =  hydroxybenzyl 
cyanide).  The  former,  like  benzyl  cyanide  itself,  has  a  labile  a-hydro- 
gen  atom  and  in  the  alkaline  solution  would  condense  with  benzaldehyde 
as  follows : 

Ph      Ph  Ph  Ph 

HO-(JjH  +  CH:0     =      HO-C— CH-OH, 

CN  ON 

Ph   Ph 
which  is  simply  the  unstable  cyanohydrin  of  benzoin,       1       1  ; 

this  would  break  up,  reversibly,  into  benzoin  and  hydrogen  cyanide, 
which  would  then  be  available  for  a  further  conversion  of  the  bena- 
aldehyde. 

To  test  this  latter  view,  10  grams  of  benzaldehyde  were  converted 
into  mandelonitrile  in  the  usual  way,  and  washed  with  water  repeatedly ; 
the  oil  was  then  mixed  with  10  grams  of  freshly  distilled  benzaldehyde, 
and  3  grams  of  tripropylamine  were  added  to  the  mixture.  After 
remaining  at  the  temperature  of  the  laboratory  for  20  days,  the  material, 
which  had  been  converted  into  a  semi-solid,  yellow  mass  and  had 
evolved  hydrocyanic  acid  continuously,  was  triturated  in  a  mortar  with 
dilute  alcohol  containing  hydrochloric  acid  in  order  to  remove  the 
base,  iind  was  then  washed  repeatedly  with  water  and  dissolved  in  a 
small  quantity  of  alcohol.  A  yellow,  crystalline  material  separated  ; 
this  weighed  4  grams,  and  was  easily  identified  as  benzoin  by  its 
melting  point,  crystalline  form,  and  behaviour  with  pure  bensil  and 
alcoholic  potassium  hydroxide  (Bamberger  and  Scholl,  Ber.,  1899,  32, 
1809) : 

0-3018  gave  08733  COj  and  01589  H^O.    0-789  ;  H-6'a 
Cj^HigOj  requires  C  -  79  2  ;  H  -  5*7  per  cent. 

In  conclusion,  it  may  be  pointed  put  that  the  additive  reactions  of 
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hjdrogtn  OfAside  ooeur  under  the  imm  oooditioD  m  thoM  of  ethyl 
malonate^  ethjl  ecetoaoetate,  and  simiUr  compounds.  Th«  mechaniem 
ia  doubtless  much  the  same  in  all  these  cases,  and  of  course  affords  do 
due  to  the  oonslittttion  either  of  the  free  compounds  or  of  their 
BtlalUo  deriTatiTes.  Moreover,  in  connection  with  this  point,  the 
axpertments  described  in  the  preceding  pages  do  not  exclude  the 
possibili^j  that  in  oertain  circumstances,  particularly  in  the 
abeence  of  much  water,  or  in  solvents  such  as  ether  or  beDcene, 
the  additive  reactions  might  occur  under  the  influence  of  powerful 
acidn,  but  in  such  cases,  doubtless,  the  mechanism  is  of  a  different 
chsmcter. 

The  author  is  indebted  to  the  Research  Fund  Committee  of  the 
Chemical  Society  for  a  grant  which  defrayed  a  part  of  the  cost  of  this 
investigation. 

Crrmical  Dkpartmsmt, 

Thb  Goldsmiths'  iNSTrrrTr, 
New  Cross,  S.K. 


XCVII. — Resolution  of  a-Benzylmethylacetic  Acid. 

By  Frederic  Stanley  Kipping  and  Albert  Edward  Hunter. 

Wishing  to  obtain  an  optically  active  acid  from  which  an  optically 
active  acid  chloride  might  be  prepared,  for  various  purposes  to  be 
described  in  future  communications,  the  authors  first  turned  their 
attention  to  ci-mandelic  acid,  and  attempted  to  convert  it  into^phenyl- 
chloroacetyl  chloride,  CgHj'CHCl'COCl,  as  described  in  the  case  of 
Amandelic  acid  by  Walden  {Ber.,  1895,28,  1295);  the  results,  how- 
ever, were  not  satisfactory,  because,  owing  to  the  high  temperature  at 
which  alone  the  alcoholic  hydroxyl  group  is  dispUced  by  chlorine,  the 
product  was  sometimes  optically  inactive,  and  it  was  a  very  difficult, 
if  not  an  impossible,  task  to  prevent  partial  racemisation  from  taking 
place,  the  specific  rotation  being  usually  about  one-fifth  of  that  given 
by  Walden  for  the  pure  substance. 

In  these  circumstances,  it  became  necessary  to  obtain  some  other 
optically  active  monocarbooEylic  acid,  which  might  be  more  suitable  for 
the  end  in  view,  and  experiments  were  commenced  on  the  resolution 
of  benzylmethylacetic  acid  or  a-methylhydrocinnamic  acid,  a  compound 
which  is  very  easily  prepared  in  large  quantities  and  at  a  moderate 
cost. 
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The  results  of  these  experiments  were  in  all  respects  satisfactory  ; 
the  acid  is  resolved  without  difficulty  when  its  quinine  salt  is  fraction- 
ally crystallised,  and  the  d-acid,  which  is  thus  obtained,  can  be  con- 
verted into  the  active  chloride  at  relatively  low  temperatures,  so  that 
racemisation  is  almost  entirely  prevented. 


Resolution  of  the  Acid. 

The  benzylmethylacetic  acid,  CgH5-CH2-CH(CH3)-C02H,  used  in 
these  experiments  was  prepared  by  heating  either  ethyl  benzylaceto- 
acetate  with  methyl  iodide  or  ethyl  methylacetoacetate  with  benzyl 
chloride,  both  condensations  being  effected  in  the  presence  of  sodium 
ethoxide  ;  the  product  in  either  case  was  subsequently  hydrolysed  with 
concentrated  alcoholic  potash ;  the  crude  acid  was  then  purified  by 
distillation  under  reduced  pressure,  and  thus  obtained  as  an  oil  boiling 
at  160°  under  12  mm.  pressure  ;  its  purity  was  established  by  an 
analysis  of  its  silver  salt : 

0-129  gave  0-0515  Ag;  Ag  =  39-9. 

CjoHj^Og  Ag  requires  39*88  per  cent. 

The  resolution  of  the  acid  may  be  accomplished  by  fractionally  crystal- 
lising its  quinine  salt  from  water  or  alcohol ;  in  the  first  case,  the  acid 
(1  mol.)  and  the  quinine  (1  mol.)  are  placed  together  in  a  large  beaker, 
and  steam  is  blown  into  the  liquid  until  nearly  all  the  oily  salt  has 
dissolved,  the  clear  solution  is  then  quickly  decanted  whilst  hot  from 
some  resinous  matter  which  is  invariably  present,  allowed  to  cool,  and 
the  colourless  deposit  which  consists  of  minute  prisms  repeatedly 
crystallised  in  a  similar  manner. 

Owing  to  the  large  volume  of  water  (about  a  litre  for  20  grams  of 
salt)  required  for  each  operation,  this  method  was  found  to  be  some* 
what  troublesome,  and  the  foliowincf  was  adopted. 

The  acid  in  portions  of  25  grams  is  mixed  with  twice  its  weight  of 
quinine,  and  the  mixture  then  warmed  with  50 — 75  c.c.  of  purified 
methylated  spirit  until  it  has  dissolved ;  the  solution  is  then  placed 
aside,  allowed  to  cool  slowly  and  completely,  and  the  crystalline 
deposit  collected  at  the  pump. 

It  is  important  to  note  that  the  solution  should  not  be  stirred  during 
cooling,  or  filtered  before  it  is  quite  cold,  otherwise  the  salt  is  deposited 
in  such  a  very  fine  state  of  division  that  it  is  only  with  difficulty 
separated  from  the  mother  liquors. 

The  first  deposits  are  collected  and  recrystallised  from  hot  alcohol, 
in  which  the  salt  is  very  readily  soluble,  until  the  melting  point  of  the 
dried  compound  has  risen  to  119 — 120°;  this  usually  requires  3  or  4 
operations,  but  their  number  obviously  depends  on  the  oonceutration 
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and  on  the  reUtiye  quantitj  of  mlt  oontained  {n  each  dopoait :  the 
U«t  portions  of  the  mother  liquora  are  best  remoTed  st  each  61tratioD 
by  wishing  with  ether,  in  which  the  salt  is  practically  insoluble. 
Bthyl  aoetata  may  also  be  used  for  crystallising  the  salt,  which  is  not 
so  soluble  in  this  liquid  as  in  alcohol,  and  separates  from  it  in  well- 
defined  eryxtaU.  Id  systematic  experiments,  240  grams  of  acid  yield 
without* difficulty  an  approximately  equal  weight  of  pure  quinine  salt, 
oorresponding  with  about  80  grams  of  ci-acid  ;  on  further  evaporation, 
the  mother  liquors  give  deposits  of  the  crude  salt  of  the  cf-acid,  and 
after  filtration  they  can  be  worked  up  for  crude  ^acid. 

Qui  nine  J-bensjlmethylacetate,  O^^^^fi^t^ioH-^fi^t  crystallises 
from  hot  alcohol  in  which  it  is  very  readily  soluble  in  long,  slender 
prisms ;  it  is  readily  soluble  in  boiling  ethyl  acetate,  but  only  very 
sparingly  so  in  boiling  water,  and  practically  insoluble  in  cold 
ether.  It  melte  at  119— 120^  when  previously  dried  at  100°,  but  a 
trace  of  moisture  depresses  the  melting  point  several  degrees. 

Many  determinations  of  the  specific  rotation  of  the  salt  have  been 
made  in  order  to  test  its  purity  ;  the  following  results  were  obtained 
with  samples  which  had  been  recrystallised  about  ten  times  and  until 
the  specific  rotation  underwent  no  further  change  ;  a  200  mm.  tube 
was  used  in  eaeh  ease. 

SolTenL  Volume  of  solution.  Oo.  [«]o* 

u.  -riin             Ethyl  acetate             25  c.c.    .  -3*05°  -762° 

0  5      „                 Ethyl  alcohol            '     „  445  111-2 

05      „                          „                             „  4-6  112-5 

Owing  to  the  relatively  low  specific  rotation  of  the  acid,  the  change 
in  specific  rotation  of  the  salt  with  increasing  purity  is  comparatively 
small,  and  the  melting  point  is  almost  as  good  a  criterion  of  purity 
as  optical  examination. 

d-Benzylmetht/lacetie  Acid. 

The  acid  obtained  by  decomposing  the  quinine  salt  with  dilute  sul- 
phuric acid  and  extracting  with  ether  remains  as  a  colourless  oil  when 
the  dried  ethereal  solution  is  evaporated,  and  does  not  crystallise  when 
kept  for  a  long  time  at  the  ordinary  temperature. 
^K    As  it  seemed  inadvisable  to  submit  it  to  distillation  owing  to  poss- 
^^■ble  raoemisation,  it  was  simply  left  in  a  vacuum  for  a  few  days  over 
^^ponoentrated  sulphuric  acid,  and  then  examined  optically.     Various 
^^■amples  which  were  thus  prepared,  when  examined  (without  solvent) 
^^ a  100  mm.  tube,  gave  aj,  +  20*26*',  + 190°,  and  +  20*0° ;  from  these 
concordant  results,  it  might  be  concluded  that  the  acid  was  free  from 
its  /-isomende. 
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Id  order  to  ascertain  whether  this  was  really  the  case,  a  sample 
was  converted  into  its  sodium  salt,  and  the  latter  was  fractionally 
precipitated  by  adding  ether  to  its  solution  in  methyl  alcohol ;  the 
sodium  salt  thus  obtained  in  lustrous  plates  seemed  homogeneous,  and 
the  second  and  third  fractions  were  examined,  after  drying  at  100°, 
using  a  200  mm.  tube. 


Sabstance. 

Solvent. 

Volume  of  solntion. 

Od. 

C«]d. 

II  05  gram 

Water 

25  c.c. 

+  104 

+  26« 

III  0-5     „ 

i> 

»» 

1-04 

26 

The  pure  sodium  salt  was  then  dissolved  in  water  and  the  solution 
treated  with  a  slight  excess  of  quinine  hydrochloride,  the  precipitate 
of  quinine  cZ-benzylmethylacetate  which  was  produced  was  recrystal- 
lised,  first  from  alcohol  and  then  from  ethyl  acetate,  and  thus  obtained 
in  the  usual  form,  melting  at  119 — 120°. 

0'5  gram  of  this  preparation,  dried  at  100°,  dissolved  in  ethyl 
alcohol,  the  solution  made  up  to  25  c.c,  and  examined  in  a  200  mm. 
tube,  gave  ai)-4'42°  and  [aj^  -110*5°;  this  result  seems  to  prove 
that  the  original  acid  ( +  20°)  is  the  pure  c/-compound.  The  alcoholic 
mother  liquors  obtained  in  fractionating  the  quinine  salt  were  worked 
up  for  crude  ^acid ;  the  oil  thus  obtained  gave,  when  examined  in  a 
100  mm.  tube  without  solvent,  ud  -  10°  to  -  12°,  and  consists  of 
about  75  and  25  per  cent,  of  the  U  and  ci-acids  respectively ;  attempts 
to  prepare  the  pure  ^-acid  from  this  substance  by  fractionally  crystal- 
lising the  sodium  salt  or  the  copper  salt  from  water  or  alcohol  were 
not  successful. 

di-Benzylmethylacetyl  Chloride. 

c?-T>enzylmethylacetic  acid  is  readily  acted  on  by  phosphorus  penta- 
chloride  at  the  ordinary  temperature,  and  after  heating  at  about  60° 
under  reduced  pressure,  the  chloride  remains  as  an  almost  colourless 
oil  with  a  very  disagreeable  odour;  when  distilled  under  15  mm. 
pressure,  it  boils  at  120—121°. 

Variotls   samples  thus   prepared   were   examined    in    dry  ethereal 

solution  : 

Volnmc  o\  LeDgth  of 
Substance.               nolution.  tube. 

2-0  grams  25  c.c.  200  mm. 

8*0        f)  ))  I) 

4*5      „  „  100  mm. 

From  these  fairly  concordant  results  it  might  be  inferred  that  the 
acid  chloride  does  not  undergo  racemisation,  but  in  one  or  two  experi- 
ments the  distilled  product  was  found  to  be  optically  inactive.  In 
order  to  ascertain  the  conditions  of  this  racemisation,  a  sample  of 
/•acid,  having  [ajp   -7*5°  in  ethereal  solution,  was  converted  into 


ao. 

[«ln. 

2-44° 

+  i5-2r) 

10-56 

15-5 

3-4 

180 
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ohloricie,  Um  ktter  nlowly  distilled  under  16  mm.  prenure,  and  tb«D 
hydroljaed  with  oold  water ;  the  reoovered  acid,  wheo  examined  in 
•Uitnal  soluticMi,  was  praotioally  inaotive. 

A  aample  of  the  Mme  add  ([a]D  -  7  5^  was  then  converted  into  ita 
ebloride^  ibo  phoaphoms  oxychloride  removed  by  heating  at  60°  in  a 
vaeonm,  and  the  residual  chloride  hydrolysed  with  oold  water;  the 
add  thus  obtained  gave,  in  ethereal  solution,  [a]D  -  6*0°,  so  that  there 
was  no  very  great  change  in  its  optical  properties. 

It  appears  from  these  experiments  that  the  raoemisation  is  caosed 
by  distilling  the  chloride,  and  not  by  the  action  of  the  phosphorus 
peotaehloride ;  an  experiment  made  with  some  pure  ci-acid,  as  follows, 
eonfirmed  this  conclusion. 

3*5  grams  of  the  pure  d-&c\d  ([ajo  +22*6")  in  light  petroleum 
solution  were  treated  with  the  theoretical  amount  of  phosphorus 
pentachloride,  and  the  mixture  kept  for  one  hour,  during  which  time 
the  reaction  proceeded  very  gently ;  the  light  petroleum  was  then 
distilled  off  under  15  mm.  pressure  and  the  residue  heated  at  60"^ 
under  the  same  pressure  for  one  hour  in  order  to  volatilise  the 
phoephorus  oxychloride ;  the  residual  acid  chloride,  when  examined 
optically  in  light  petroleum  solution,  gave  [ajp  +25'5°.  The  light 
pe^x>leum  was  then  distilled  off  under  reduced  pressure  and  the  acid 
chloride  heated  at  70°  under  15  mm.  pressure  for  one  hour;  when 
brought  into  solution  again  by  means  of  the  same  solvent,  it  was 
found  that  the  rotation  had  fallen  to  [o]d  +230°. 

The  acid  chloride,  after  evaporating  the  solvent,  was  heated  at  90° 
for  half  an  hour  under  30  mm.  pressure  ;  on  examination,  it  was  found 
that  the  specific  rotation  was  +11°,  and  when  the  chloride  was  again 
heated  at  100 — 110°  for  about  15  minutes  under  atmospheric  pres- 
sure, it  was  almost  completely  racemised,  the  solution  in  light  petrol- 
eum, when  made  up  to  20  cc,  giving  [a](,  +2°.  This  seems  to  show 
that  the  acid  chloride  is  unstable  when  heated,  partial  raoemisation 
taking  place  even  at  70°. 

ExpmimenU  on  (/<«  Raeemiaaiion  of  the  Acid. 
Although  the  acid  chloride  undergoes  racemisation  at  comparatively 
low  temperatures,  experiments  made  with  the  (/-acid  show  that  this 
compound  exhibits  remarkable  stability  in  this  respect ;  it  might  be 
thought,  from  the  fact  that  the  asymmetric  grouping  is  in  the  a-position 
with  respect  to  the  carboxylic  group,  that  the  change 

C.H,.CH,.C-K}^H    zr    CeH.CH.C  =C<^g 
CH,  CH, 

would  readily  take  place,  but  such  does  not  iteem  to  be  the  case. 
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A  small  quantity  of  the  d-acid  was  dissolved  in  methyl  alcohol ; 
the  solution,  which  gave  a  rotation  of  +0*69°  in  a  200  mm.  tube,  was 
then  boiled  under  a  reflux  condenser  for  4  hours,  but  the  rotation 
underwent  no  change ;  the  solution  was  then  heated  in  a  sealed  tube 
at  170°  for  2  hours,  but,  on  examination,  no  decrease  in  its  action  on 
polarised  light  could  be  detected. 

Having  obtained  a  considerable  quantity  of  impure  ^acid,  attempts 
were  made  to  separate  the  pure  /-compound  from  the  d-%cid  present ; 
these,  however,  proving  unsuccessful,  the  acid  was  distilled  under 
reduced  pressure,  and  afterwards  under  atmospheric  pressure,  in  the 
liope  of  racemising  it,  but  the  optical  activity  was  found  to  be  approxi- 
mately the  same  as  before. 

The  authors  desire  to  express  their  gratitude  to  the  Government 
Grant  Committee  of  the  Royal  Society  for  a  grant  in  aid  of  this 
research. 

Univehsity  College, 
nottinguam. 


XCVIII. — Notes  on  Ozone.     Estimation,  Sohibility,  and 
Interaction  with  Hydrogen  Peroxide. 

By   John   Kenneth  Harold  Inglis,  M.A.,   B.Sc,  1851   Exhibition 

Scholar. 

The  experiments  of  Ladenburg  {Ber.,  1901,  34,  1184)  have  shown 
that  ozone  can  be  accurately  estimated  by  means  of  its  action  on 
potassium  iodide  in  neutral  solution,  the  solution  being  acidified  after 
the  action  is  complete.  In  this  case,  a  molecule  of  iodine  is  formed 
for  each  molecule  of  ozone  present.  If,  however,  the  ozone  acts  on 
an  acidified  solution  of  potassium  iodide,  the  amount  of  iodine  set  free 
is  greater  than  would  correspond  with  this  ratio ;  for  in  this  case  if 
the  iodide  is  very  dilute  three  atoms  of  iodine  are  formed  for  each 
molecule  of  ozone.  Now  it  has  been  shown  that  ozone  forms  some 
complex  when  dissolved  in  acids  {Zeit.  physilcal.  Chein.,  1903,  43,  229), 
and  it  was  thought  that  the  nature  of  this  complex  could  be  deter- 
mined by  a  study  of  the  solubility  of  ozone  in  water  and  acids.  The 
object  of  these  experiments  was  (1)  to  find  a  reliable  method  for  the 
estimation  of  ozone  in  acid  solution  and  (2)  to  study  the  solubility  of 
ozone  in  water  and  acids.  At  the  suggestion  of  Sir  W.  Ramsay,  some 
further  experiments  were  made  regarding  the  action  of  ozone  on 
hydrogen  peroxide. 


INTBRACTION   WITH    UYDROGIII   PBROXIDK.  1011 

I .     MtUmtUicn  qf  0»on§  in  Acid  Solmiien, 

WImo  Iheta  exptrimenU  were  begun,  no  daU  for  the  cfiiimaiioD  of 
in  eeid  solution  YuA  been  published.  But  in  a  recent  paper 
Ladenburg  {Ber.,  1903,  36,  115)  has  showu  that  osone  can  be  estim- 
ated in  acid  solution  by  means  of  its  action  on  sodium  hydrogen 
sulphite  and  on  arsenious  add.  The  results  obtained  by  Ladenburg 
show,  however,  oonsiderable  variation,  so  that  further  work  on  the 
subject  seemed  desirable. 

£Unee  the  extra  amount  of  iodine  formed  in  acid  solution  was 
probably  duo  to  the  hydriodio  acid  being  too  easily  oxidised  by  the 
osone,  it  seemed  likely  that  a  less  easily  oxidisable  substance,  such  as 
hydrobromic  acid,  would  give  more  regular  results.  As  it  was  possible 
that  the  action  of  ozone  gas  on  hydrobromic  acid  would  not  be  the 
same  as  that  of  an  acid  solution  of  the  gas,  Ladenburg's  method  could 
not  be  directly  employed.  Hence,  in  order  to  ascertain  the  amount 
of  OBone  taken  the  following  procedure  was  adopted.  A  solution  of 
osooe  in  water  was  prepared  and  equal  volumes  (50  c.c.)  were  added 
to  10  c.c  of  (1)  water,  (2)  an  acid.  To  No.  1,  potassium  iodide  was 
added,  followed  by  a  small  quantity  of  acid ;  to  No.  2,  potassium 
bromide,  and  then,  after  a  short  time,  potassium  iodide.  The  iodine 
liberated  was  then  titrated  with  ^/lOO  sodium  thiosulphate,  and  in 
this  way  the  same  amount  of  ozone  was  estimated  by  means  of  Laden- 
burg's method  and  by  means  of  potassium  bromide  in  acid  solution. 
The  water  and  acid  used  in  these  exj)eriment8  were  first  of  all  treated 
with  ozone  to  destroy  any  oxidisable  matter,  and  then  boiled  to  drive 
off  the  remaining  ozone.  Usually,  five  estimations  were  carried  out 
together,  the  first  and  last  according  to  Lidenburg's  method  and  the 
remaining  ones  by  the  bromide  method.  Table  I  (p.  1012)  shows  the 
number  of  c.c.  of  thiosulphate  required  in  each  case. 

A  solution  of  ozone  in  ^-UNO,  gave  the  following  figures : 

(a)  Estimation  with  iodide  (in  acid  solution),  8*75  c.c.  and  8*70  c.c. 

{b)  Estimation  with  bromide,  6*30  c.c,  6*40  c.c,  6*45  c.c. 

These  figures  show  that  the  iodide  method  gives  a  high  result  with 
an  acid  solution  of  ozone,  snd  also  that  ^he  estimation  by  means  of 
bromide  does  not  give  very  concordant  results ;  but  although  every 
precaution  was  taken  in  order  to  increase  the  mocuraey  a  closer  agree- 
ment could  not  be  obtained.  Now,  the  differences  between  the  iodide 
titres  of  Table  I  are  not  much  less  than  those  between  the  other  three 
titree,  and  they  are  all  plobably  due  to  experimental  error,  which  is 
unavoidably  high  owing  to  the  method  which  has  to  be  adopted. 
Hence,  the  conclusion  may  be  drawn  that  oione  in  acid  solution  acts 
on  potassium  bromide  according  to  the  equation  0,-l-2HBri-Br,-h 
0,  +  H,0. 
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Table  I. 


Potassiuni 
io(liil6 

Potassium  bromide 

in  acid  solutiou 

Pota-ssium 
iodide 

neutral. 

Acid.      ' 

1. 

2. 

8. 

neutral. 

10-50 

1018 

9  87 

9-68 

10-60 

9  00 

8-66 

8-80 

8-65 

9-00 

11-96 

AT-HNOa 

12  05 

12-30 

1207 

1265 

1310 

AT-HNO, 

13-40 

12-80 

13-10 

13-55 

13  00 

A^-HNOs 

1205 

1206 

— 

12-85 

12-86 

AT-HNO, 

12-80 

11-80 

11-50 

12-00 

12(55 

A^-HNO., 

12-40 

12  20 

1215 

12  15 

II.     Soluhility  of  Ozone. 

In  some  experiments  carried  out  by  Schiine  (Ber.^  1873,  6,  1224),  it 
was  shown  that  when  ozonised  oxygen  was  passed  through  distilled 
water  a  true  equilibrium  was  not  reached  since,  although  the  con- 
centration of  the  dissolved  ozone  remained  constant,  the  gas  did  not 
pass  through  the  solution  unchanged,  one-fourth  of  the  ozone  being 
decomposed  into  oxygen.  Schone  applied  this  result  to  correct  Carius' 
determination  of  the  solubility,  not  realising  that  in  such  a  case  there 
can  be  no  question  of  a  solubility,  since  the  apparent  solubility  would 
depend  on  the  rate  of  passage  of  the  gas.  It  seemed  advisable,  there- 
fore, to  repeat  Schone's  experiments  in  order  to  decide  whether  the 
solubility  could  be  used  to  ascertain  what  complex  is  formed  by  the 
ozone  in  acid  solution. 

The  method  employed  was  as  follows :  pure  dry  oxygen,  prepared 
from  potassium  permanganate,  was  passed  through  an  ozoniser  and 
thence  through  (1)  a  bulb  fitted  with  two  taps  and  having  a  capacity 
of  80  c.c. ;  (2)  a  gas-washer  containing  distilled  water ;  (3)  a  phos^ 
phorus  pentoxide  tube;  (4)  a  second  bulb  similar  to  (1).  The  gas- 
washer  contained  a   spiral  through   which   the   oxone   was   bubbled • 
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this  arrmiigeiDeDt  ensuring  good  stirring  and  ihoroagh  oonUct  of  the  gu 
with  the  solution.  Theoxone  wmspMsed  through  the  apparatus  until  the 
ooDoeDtnaion  of  the  osone  in  the  gas-washer  was  constant.  The  tape  on 
the  two  bulbs  were  then  doeed,  the  apparatus  disoonneoted  (the  different 
parts  wereeoiineeted  by  ground  glass  joints),  and  the  contents  of  the  two 
bulbe  were  then  analysed  by  aspiration  into  neutral  potassium  iodide,  &c., 
as  in  Ijidenburg's  method.  If  no  decomposition  had  taken  place  during 
the  passage  of  the  oione  through  the  solution,  the  oontents  of  the  two 
bulbe  should  give  identical  results  on  analysis.  In  order  to  be  certain 
that  any  differences  found  were  caused  by  the  action  of  the  water  and  not 
by  that  of  the  oonneoting  tubes  or  the  phosphorus  pentoxide,  l^imilar  ex- 
periments were  made  in  which  the  gas-washer  was  omitted.  The  results 
are  given  in  Table  II. 

Taiilk  II. 


1 

Gas-washer  usei.           1 

I 

Gas-waiihcr 
omitted. 

P(  rcontmge  of  oioiie  in  first  balb    ... 

i 

10-5      12  7      11-4 

9-9      121      10-5 

1 

11-8 

'    8-67 
8-29 

•  00 

lVrccnUg«  of  oaoM  in  second  bulb... 

5-84 

The  above  results  confirm  Schone's  experiments  and  indicate  that 
osone,  when  passed  through  water,  is  partly  decompcsed.  Hence  there 
can  be  no  question  of  the  solubility  of  ozone  in  water,  and  it  is  there- 
fore impossible  to  study  the  molecular  state  of  dissolved  ozone  by  means 
of  its  solubility  relationships. 

III.     Jnitractxon  qf  Ozone  and  Hydrogen  Peroxide, 

Ever  since  the  time  of  Schunbein  (see  Dammer,  Ilandhuch  der  anorg, 
Ckem.,  YoL  I,  p.  434)  it  has  been  believed  that  ozone  and  hydrogen 
peroxide  mutually  destroy  one  another.  Now  the  odour  of  ozone  is 
not  destroyed  by  passing  it  through  hydrogen  peroxide,  and  it  has 
been  sUted  recently  (Ber.,  1902,  36,  2905)  that  the  subsUnces  have  no 
action  on  one  another.  Sir  W.  Ramsay  suggested  to  me  that  the 
action  might  possibly  be  a  slow  one,  and  that  by  mixing  solutions  of 
the  two  substances  the  rate  of  their  reaction  might  be  determined.  A 
solution  of  ozone  in  water  was  therefore  prepared,  and  equal  portions 
(50  cc.)  were  placed  in  a  series  of  flasks.  Each  of  these  was  treated 
with  5  cc.  of  a  dilute  hyfrogen  peroxide  solution  (5  cc.  »  14*2  cc  of 
.y/50-KMnO^),  and  then,  after  different  intervals  of  time,  dilute 
sulphuric  acid  was  added  and  the  amount  of  unchanged  peroxide  was 
estimated  by  means  of  permanganate  solution,  which  has  no  action  on 
oione. 
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Table  III. 


Time    

5  minutes. 

20  minntes. 

36  minutes. 

50  minutes. 

Permanganate  used  

11-2  cc. 

12*2  cc. 

12*6  cc. 

12 '65  cc. 

These  figures  would  seem  to  indicate  that  the  amount  of  peroxide 
decomposed  diminishes  as  the  time  increases,  but  the  true  explanation 
is  as  follows.  Although  ozone  has  no  action  on  permanganate,  it 
oxidises  a  manganous  salt  to  the  dioxide,  and  this  dioxide  is  easily 
reduced  by  hydrogen  peroxide.  Now  the  permanganate  used  was  so 
pure  that  it  had  no  action  on  pure  hydrogen  peroxide  until  a  small 
quantity  of  manganous  sulphate  was  added  (Zeit.  Eleklrocheni.^  1903, 
9,  226).  Hence,  during  the  titration,  the  manganous  salt  would  act 
catalytically  on  the  ozone  and  hydrogen  peroxide  and  so  diminish  the 
number  of  cc.  of  permanganate  required,  and  as  some  of  the  ozone 
would  undoubtedly  slowly  escape,  the  catalytic  action,  and  therefore 
the  apparent  amount  of  decomposition  of  the  peroxide,  would  diminish 
as  the  time  increased.  As  a  confirmation  of  this  explanation,  it  was 
found  that  if  manganous  sulphate  was  added  at  once  to  the  mixture  of 
ozone  and  peroxide  and  the  titration  carried  out  after  the  lapse  of  a 
few  minutes,  the  number  of  cc.  of  permanganate  used  (10*5  cc.)  was 
still  less  than  had  been  the  case  in  the  previous  experiment. 

Another  method  had  therefore  to  be  devised  to  show  that  the 
reaction  really  took  place  without  a  catalytic  agent.  A  current  of 
ozone  (free  from  nitrogen  and  oxides  of  nitrogen)  was  passed  through 
a  solution  of  hydrogen  peroxide  and  the  amount  of  unchanged  peroxide 
was  estimated,  as  before,  after  definite  intervals  of  time.  The  concen- 
tration of  the  peroxide  chosen  was  so  great  that  the  greatest  possible 
concentration  of  ozone  would  not  be  nearly  sufficient  to  destroy  the 
peroxide  originally  taken,  so  that  the  catalytic  effect  during  titration 
would  necessitate  only  a  small  correction.  In  this  way,  it  was  found 
that  the  titre  of  the  peroxide  diminished  from  14*8  to  1*6  in  205 
minutes,  whereas  a  similar  current  of  oxygen  merely  caused  this  value 
to  diminish  from  240  to  23*6  in  410  minutes.  This  result  shows  that 
the  original  experimenters  were  correct,  and  that  ozone  does  act  slowly 
on  hydrogen  peroxide. 

In  conclusion,  I  wish  to  express  my  thanks  to  Sir  W.  Ramsay  for 
the  kind  interest  he  has  taken  in  the  above  experiments  and  for  the 
advice  and  help  he  has  given  me. 

UMIVXRSITT  Ck)LLBOE, 

LONDOV,  W.C.  
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XCIX. — Siww  Physical  and   Chemical   Properties  of 
Strong  Nitric  Acid. 

By  Victor  Hbrbikt  Vilbt  and  John  Job  Manlby. 

In  a  reoenilj  published  communication  (this  vol.,  p.  658),  by  W.  N. 
Harilej,  on  the  "  Abeorption  spectra  of  nitric  acid  in  various  states  of 
eoooentrmtion/'  this  author  deals  with  certain  physical  and  chemical 
proptrtiM  of  the  concentrated  acid,  and  partly  conErms  our  earlier 
investigBtions  bearing  on  this  subject. 

Moreover,  sinoe  our  more  recent  publications  on  the  physical 
properties  of  nitric  acid  (Proc.  Roy,  Soc,,  1901,  69,  86,  and  PhU 
Mag.,  1902  [vi],  3,  118),  an  important  investigation  by  R.  Knietzsch 
(^0r.,  1901,  34,  4069)  has  appeared  on  the  production  of  sulphur 
trioxide  from  flue  gases,  in  which  attention  is  drawn  to  the  very 
remarkable  alteration  in  physical  and  chemical  properties  of  sulphuric 
add  containing  97 — 98  per  cent.  U^SO^.  In  the  present  communication, 
it  is  our  desire  to  place  on  record,  with  reference  to  Hartley's  com- 
munication, certain  observations  on  nitric  acid  having  a  concentration 
of  from  78  to  100  per  cent.  HNO3,  and  to  call  attention  to  the  close 
parallelism  between  nitric  and  sulphuric  acids  between  the  limits  of 
94  to  100  per  cent.  Hartley  assumes  the  existence  of  orthonitric  acid, 
H^KO^,  from  the  observations  of  W.  H.  Perkin,  senr.,  Pickering, 
ourselves,  and  others,  and  regards  the  anhydrous  acid  as  having 
probably  a  bimolecular  structure,  HjNjO^ ;  acids  of  concentration 
between  78  and  100  per  cent,  are  considered  to  be  mixtures  of  these 
two  compounds,  the  former  of  which  is  an  active  agent,  whilst  the 
latter  is  inert. 

So  far  as  we  are  aware,  the  molecular  weight  of  the  anhydrous  acid 
has  not  been  determined  or  inferred  either  from  the  cryoscopic  method 
or  from  investigations  on  the  capillarity  or  dielectric  constants, 
although  the  tendency  of  hydroxyl  compounds  to  exist  in  some 
polymeric  state  supports  Hartley's  view. 

Knietach  apparently  regards  sulphuric  acid  containing  96  per  cent. 
H,S04  BS  forming  a  kind  of  eutectic  solution,  but  in  the  ease  of  nitric 
acid  of  similar  concentration  we  have  considered  the  possibility  of  an 
initial  formation  of  the  compound  2HNO,,N20} ;  unfortunately,  the 
properties  of  nitric  acid  containing  nitric  anhydride  in  solution  have 
not  been  investigated,  doubtless  owing  to  experimental  difficulties. 

As  the  methods  which  we  adopted  for  the  measurement  of  the 
several  physical  constants  have  been  fully  described  in  our  previous 
publications,  we  only  bring  forward  our  unrecorded  resultiL 
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Densities. 

In  the  following  table,  the  values  are  given  for  the  densities  (reduced 
to  a  vacuum)  of  nitric  acid  from  78  to  100  per  cent,  concentration  at 
474°,  14-274°,  and  24274°  respectively.  Confirmatory  determinations 
made  at  different  times,  and  with  different  instruments,  are  omitted  : 

Table  I. 


Specific  gravities. 

Percenteges. 

474'. 

14-274°. 

24-274". 

78-22 

1-47129 

1-45504 

1*43964 

79-14 

— 

1-46011 

1-44372 

79-59 

1-47496 





81-97 

1-48391 

1-46680 

1-45092 

84-90 

1-49495 





85-21 

1-49681 





85-80 

— 

1  -47826 

1-46224 

87-55 

1-50211 

— 

— 

87-90 

— 

1-48491 

1-46891 

89-73 

1 -50898 

1-49125 

— 

•         92-34 

1-51804 

1-49968 

1-48264 

94-04 

1-51949 

1-50149 

1-48516 

95-62 

1-52192 

1-50358 

1-48677 

96-64 

1-52510 

1-50632 

1-48887 

97-83 



1-50911 

1-49137 

98-07 

1-53212 

1-51298 

1-49543 

99-97 

1-54212 

1-52236 

1-50394 

If  the  densities  are  plotted  as  ordinates  and  the  percentages  as 
abscissie,  the  values  from  78  to  92  per  cent,  are  on  a  straight  line 
(within  the  limits  due  to  analytical  errors),  and  the  value  for  100  per 
cent,  is  situated  on  the  same  straight  line  pi*oduced,  but  the  values 
from  92  to  100  per  cent,  lie  on  a  curve  below  the  straight  line,  the 
point  of  greatest  concavity  being  at  96  per  cent,  approximately. 

This  phenomenon,  although  not  strictly  comparable,  is  analogous  to 
that  observed  for  sulphuric  acid  by  Pickering,  Knietzsch,  and  others, 
in  that  in  the  former  case  the  densities  increase  continuously  but 
slightly,  whilst  in  the  latter  these  increase  up  to  96 — 97  per  cent,  and 
then  decrease. 

In  Curve  I  (p.  1017),  the  values  for  24*274°  are  given  along  APB,  for 
14*274°  along  CQD  and  474°  along  i^^?/*  respectively. 

Coniractions. 

If  the  contractions  are  deduced  from  the  densities  and  calculated 
from  an  equation 

C\^C-a(£kp)    (1) 


ciiKMicAi.  rnorrKTiK.s  of  stuovc  mitric  a<  i 


!'•! 


wh«r«in  C|  u  the  oonti^ti  ii.-ii  u»  i-w  i-j%iriiinuHi,  (7  ih«  conirftciion  at 
tb« Mleeiad  origin  of  coordinaU*,  id  thete  omm  at  77*7  or  780  per 
cent  (If.NO^- 76-03  per  cent.  HNO,).  a,  a  oonttanf,  and  ^p,  differ, 
luce  of  (wroeoUge,  then,  ae  shown  in  the  three  snooeeaing  Ublen,  the 
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values  for  C  x  10'^  from  78  to  92  per  cent,  are  in  accordance  with 
those  deduced  from  such  an  equation,  within  the  limits  of  analytical 
errors.  But  from  92  to  100  per  cent,  the  divergence  is  considerable 
and  the  maximum  difference  occurs  at  or  about  96  per  cent. 


toL.    LXXXIIf. 
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Table  II. 

Contrciciiona  at  4°. 
C  at  77-7  per  cent.  =4660,  a  =  -205. 


Percentaj;es. 

Values  fonnd. 

Values  calculated. 

Difference. 

78-22 

4528 

.       4554 

-26 

79-59 

4216 

4272 

-66 

81-93 

3803 

3799 

+  4 

85-21 

3063 

3120 

-63 

87-55 

2642 

2641 

+  1 

89-73 

2179 

2193 

-14 

92-34 

1658 

1658 

nil 

94-04 

1122 

1310 

-88 

95-62 

672 

986 

-314 

&6-64 

438 

777 

-339 

98-07 

252 

482 

-232 

99  97 

8 

8 

nil 

Table  III. 

Contractions  at  14*2°. 

C  at  78  per  cent.  =  4590,  a  =  -  208. 


Percentages. 

Values  found. 

Values  calculated. 

Difference. 

78  22 

4553 

4545 

+  8 

79  14 

4351 

4353 

-2 

81-97 

3709 

3764 

+  66 

86-86 

2917 

2969 

-42 

87  90 

2500 

2531 

-81 

89-78 

2154 

2150 

+  4 

92-34 

1626 

1607 

+  19 

94  04 

1130 

1255 

-126 

95-62 

672 

926 

-268 

96-67 

448 

713 

-266 

97  88 

833 

671 

-288 

98-07 

•-;47 

415 

-168 

99-97 

8 

8 

ml 
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Tabui  IV. 

CotUraUiaiu  ai  24-3°. 

C  at  777  per  oent.  -i4633,  a  -  -  195. 


I^arotntagM. 

{      Vduet  foand. 

Valuat  ealouktad. 

DiflfrrPDM. 

78-22 

4503 

4522 

-19 

79  14 

4391 

4339 

+  52 

81 -M 

8797 

8795 

+  2 

85*80 

3024 

3040 

-18 

87 -W 

2633 

2631 

+  2 

M*84 

1770 

1766 

+  4 

94-04 

!              1314 

1433 

-119 

95*8S 

i               849 

1126 

-277 

98-84 

598 

927 

-881 

97-88 

1                488 

793 

-307 

98-07 

419 

648 

-229 

99-97 

6 

6 

nil 

Owing  to  the  great  differences  in  the  values  for  the  contractions,  it 
is  not  convenient  to  illustrate  the  foregoing  results  by  curves  drawn 
on  a  BufficienUy  small  scale. 

BleclrieoL  Canductivily. 

We  have  previously  shown  that  nitric  acid  of  about  96  per  cent, 
voucentration  shows  a  minimum  conductivity,  and,  moreover,  at  con- 
oentrations  above  94  per  cent,  it  behaves  as  a  metallic,  and  not  as  an 
electrolytic,  conductor  in  possessing  negative  temperature  coefficients. 
.AuS  regards  the  former  point,  the  observations  of  Knietzsch  in  the  case 
of  sulphuric  acid  are  precisely  analogous,  but  he  does  not  appear  to 
have  studied  the  temperature  coefficients  of  sulphuric  acid  either  im- 
mediately below  or  above  the  limit  of  the  anhydrous  acid,  H<,SO^. 


Rrfrcictive  Indices. 

If  a  curve  is  drawn  having  for  coordinates  the  refractive  indices 
(Mdii)  of  nitric  add  and  the  corresponding  percentage  compositions, 
the  points  which  indicate  concentrations  of  from  78  to  91  per  cent. 
lie  on  a  straight  line,  but  the  valiies  from  91  to  98  per  cent,  are 
situated  on  another  straigtkt  line,  then  finom  98  to  100  per  cent,  there 
is  a  slight  reversal,  as  in  the  case  of  the  electrical  conductivities  (see 
Curve  II,  p.  1020).  At  present,  the  only  observations  on  the  refractive 
indices  of  concentrated  sulphuric  acid  ara  those  by  van  der  Willigen 
{Archives  Musee  TeyUr,  1868, 1,  74),  which  are  not  carried  beyond  a  con- 
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centration  of   94*7  per  cent,   (approximately).     We  hope  shortly  to 
carry  out  an  investigation  on  this  subject. 

It  would  thus  appear  from  the  above  considerations  that  nitric  acid 
containing  about  96  per  cent,  anhydrous  acid,  like  sulphuric  acid  of  a 
similar   concentration,   forms   a  kind   of   eutectic  solution   (compare 
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Percentages. 

CUBVE  II. 

Knietzsch,  ibid.)^  and  adopting  Hartley's  hypothesis  of  an  admixture  or 
combination  of  orthoiiitric  and  nitric  acids,  such  an  acid  would  probably 
have  the  composition  SHgN^Og.HgNO^  (95*9  per  cent.  HNOj).  Deter- 
minations of  the  physical  constants  of  nitric  acid  containing  nitric 
anhydride  in  solution  might  throw  further  light  on  this  point. 

C^iemiccU  Properties, 

It  is  a  further  point  of  interest  to  ascertain  if  there  are  certain 
substances  on  which  nitric  acid  of  the  above-mentioned  critical  con- 
centration is  less  reactive  than  more  or  less  concentrated  acids,  just  as 
the  analogous  sulphuric  acid  is  less  reactive  on  iron  and  steeL  We 
understand  that  Hartley  proposes  to  study  the  chemical  properties  of 
concentrated  nitric  acid  more  fully  and  precisely,  with  the  view  of 
ascertaining  its  constitution.  To  our  previous  observations  on  this 
subject,  we  now  add  the  following :  Nitric  acid  of  approximately 
100  per  cent,  concentration  nitrated  cotton  directly  without  addition 
of  sulphuric  acid,  and  so  far  as  qualitative  experiments  went,  it 
appeared  that  cotton  thus  directly  nitrated  was  as  inflammable  as 
ordinary  gun-cotton.     Difficulties  were  experienced  in  estimating  the 
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proportion  of  oitrout  aoid  (or  nitrogen  peroxide)  by  means  of  the 
M-pliaojIenediamine   reaction,  doubtless  owing  to  eona    Noondarj 


Nitric  acid  of  96  per  cent,  and  sulphuric  acid  of  98  per  cent,  con- 
centration show  definitely  marked  characteristics,  analogous,  although 
not  in  all  oases  strictly  parallel,  as  regards  certain  properties,  more 
especially  density,  contraction,  and  electrical  conductivity ;  also  in  the 
case  of  the  former,  refractive  indices,  as  investigated  by  ourselves,  and 
in  the  ease  of  the  latter  chemical  reactivity,  boiling  point,  vapour 
pressure,  and,  to  a  less  degree^  viscosity  and  capillarity,  as  investigated 
by  Knifttisch. 

The  predse  constitution  of  acids  having  these  critical  concentrations 
remains  at  present  a  matter  for  further  inquiry. 


C. — The  Alkylation  of  Sugars. 

By  Thomas  Pubdie,  F.R.a,  and  Jambs  C.  Ibvine,  Ph.D.,  D.Sc 

In  the  course  of  the  earlier  researches  on  the  synthesis  of  glucosides, 
attempts  were  no  doubt  frequently  made  to  prepare  alkyl  ethers  of 
the  sugars,  fierthelot  {Ann.  Chim,  Phys.,  1860,  [iii],  60,  103),  by 
heating  cane  sugar  with  caustic  potash  and  ethyl  bromide,  obtained  a 
sabstance  which  he  describes  as  a  diethylglucosan  ether.  Practically, 
however,  the  only  methods  of  alkylating  sugars  at  present  known 
are  those  of  Fischer  (Ber.,  1893,  26.  2400;  1895,  28,  1145)  and  of 
Koenigs  and  Knorr  (Ber.,  1901,  34,  957);  in  the  former  process,  the 
alkylation  is  effected  by  the  direct  action  of  alcohol  on  the  sugar  in 
the  presence  of  hydrochloric  acid,  whilst  the  latter  is  due  to  the 
interaction  of  alcohol  and  the  aoetohalogen  or  aoetonitnMieriv- 
ative,  and  subsequent  removal  of  the  acetyl  groups  by  hydrolysis 
with  alkali.  By  these  methods,  as  is  well  known,  only  one  of  the 
carbinol  groups  of  the  sugar  is  etherified,  and  the  products  are  of  a 
idie  nature.  Alkyl  ethers  of  the  sugars  in  the  stricter  sense 
I,  that  is  to  say,  ethers  which  retain  the  aldehydic  or  ketonio 
of  the  paient  sugar  and  resist  the  action  of  hydrolysing 
'agents,  are,  however,  so  far  unknown.  The  main  purpose  of  the 
following  research  was  the  preparation  and  investigation  of  oom- 
pounds  of  this  class. 

In  alkylating  the  est«n  of  optically  active  hydroxy-acids,  we  found 
that  the  object  could  be  attained,  when  other  methods  had  failed,  as  in 
the  case  of  malic,  lactic,  and  tartaric  esters  (Trans.,  1899, 76,  153,  483  ; 
IP 01, 79, 957)  and  of  mandelio esters  (MoKensie,Trans.,  1899, 76,  753), 
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by  employing  dry  silver  oxide  and  alkyl  iodide,  and  the  application  of 
this  method  has  been  much  extended  since  then  by  Q.  D.  Lander 
(Trans.,  1903,  83,  414,  and  earlier  papers).  Provided  the  oxidis- 
ing effect  of  the  silver  oxide  could  be  obviated,  it  seemed  not  im- 
probable that  the  sugars  might  lend  themselves  to  this  reaction,  and 
that  we  might  thus  obtain  alkyl  ethers  of  the  above-mentioned  class. 
Alkylated  sugars  should  be  compounds  of  considerable  interest.  A 
completely  alkylated  hexose,  such  as  pentamethyl  glucose,  should  be 
capable  of  existing,  like  penta-acetylglucose,  in  three  stable  forms. 
Of  these,  two  should  be  glucosidic  in  structure  and  stereoisomeric, 
corresponding  with  the  well-known  penta-acetylglucoses  (m.  p.  112° 
and  131°),  the  relations  of  which  as  a-  and  yS-derivatives,  in  the  sense 
of  Fischer's  nomenclature  of  the  glucosides,  have  been  recently 
established  by  Koenigs  and  Knorr  {loc.  cit.)  and  by  Fischer  and 
Armstrong  (Ber.,  1901,  34,  2885).  The  third  isomeride,  structurally 
different  from  the  other  two,  should  possess  the  properties  of  an 
ordinary  aldehyde.  Among  the  penta-acetylglucoses,  Tanret's  com- 
pound (Bull.  Soc.  chijn.,  1895,  [iii],  13,  268),  melting  at  86°  probably 
represents  this  form,  although  its  aldehydic  properties  do  not  so  far 
appear  to  have  been  definitely  proved. 

In  their  behaviour  towards  hydrolytic  agents,  however,  the  alkyl- 
ated sugars  should  differ  from  the  corresponding  acyl  derivatives.  The 
penta-acyl  glucoses  are  readily  hydrolysed  with  production  of  the 
parent  sugar.  The  pentamethyl  glucose  of  aldehydic  structure,  on 
the  other  hand,  should  resist  the  action  of  these  agents,  whilst  the 
corresponding  glucosidic  isomerides  should  lose  on  hydrolysis  only  one 
methyl  group  and  yield  a  tetramethyl  glucose  ether.  It  seemed  to  us 
interesting  to  ascertain  how  far  a  sugar  derivative  of  this  kind 
exhibits  the  properties  of  an  aldose.  Adopting  Fischer's  view  of  the 
structure  of  the  alkylglucosides,  the  derivative  referred  to  might 
possibly  possess  a  stable  constitution  represented  by  one  or  other  of 
the  following  formulce  : 

I.     CHO-CH(OMe)-CH{OMe)-CH(OH)-CH(OMe)«OH,-OMe, 

II.    0H(OH)-CH(OMe)-CH(OMe)-0H-0H(OMe)-CH,-OMe, 

I o ' 

or,  like  the  parent  glucose,  the  substance  might  be  tautomeric  and 
exhibit  the  functions  of  both  forms.  Few  aoyl  derivatives  of  this  class 
appeared  to  have  been  prepared,  and  on  account  of  their  ready  hydrolysis 
they  would  not  be  convenient  for  investigation.  A  further  interest 
attaches  to  the  tetra-alkyl  aldose  and  ketose  ethers  of  the  above  type. 
It  is  not  improbable  that  they  might  lend  themselves  to  the  synthesis 
of  alkylated  disaooharides,  a  study  of  which  might  throw  some  light 
on  the  constitution  of  the  common  natural  sugars  of  this  class. 

Although  benzoin  (Lander,  loo.  oU.)  and  salioylaldehyde  (Irviiio, 
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Trmn*.,  1901,  79,  668)  can  be  •tbertfied,  the  Utter  Almost  quantity. 
tiTelj,  bjr  meana  of  stiver  oxide  and  alkyl  iodide,  the  method  proved 
inapplicable  to  the  reducing  sugars.  When  silver  oxide  was  added  to 
a  mixture  of  glucose,  diseolved  in  methyl  slcohol  and  methyl  iodide, 
a  vigorout  reaction  ensued,  and  when  a  large  excess  of  the  alkylating 
agent  waa  used  a  product  soluble  in  ether  but  having  an  acid  reac- 
tion wka  obtained.  On  attempting  to  distil  this,  much  decomposition 
occurred,  and  the  only  substanoe  isolated  was  methyl  oxalate.  When 
ethyl  iodide  was  employed  in  a  similar  reaction,  the  product  was  also 
acid,  and  an  analysis  of  the  silver  ret^idues  showed  that  only  45  per 
cent  of  the  silver  oxide  taken  was  converted  into  iodide,  the 
remainder  having  been  reduced  to  the  metallic  state.  The  reaction 
was  evidently  a  complex  one.  An  attempt  to  alkylate  laevulose  by 
this  method  was  also  unsuccessful. 

To  avoid  oxidation,  it  was  evidently  requisite  that  the  aldehydio  or 
ketonic  group  of  the  sugar  should  be  masked,  and  instead  of  glucose, 
therefore,  we  used  l^ischer's  easily  accessible  a-methylglucoside.  Methyl 
iodide  was  employed  throughout  our  experiments,  as  previous  ex- 
perience with  tartaric  esters  had  shown  that  the  slower  action  of  the 
higher  iodidee  gave  scope  for  the  occurrence  of  oxidation  which 
resulted  in  the  production  of  oxalates  in  considerable  quantity. 

The  methylglucoside  in  methyl  alcoholic  solution  reacted  readily  with 
methyl  iodide  in  the  presence  of  silver  oxide,  and  was  found  to  be 
nearly  proof  against  the  oxidising  action  of  the  latter.     The  product, 
consisting  of  a  mixture  of  methyl  ethers  of    the  glucoside,  was   a 
neotiml,  viscid  syrup,  soluble  in  ether,  having  no  action  on  Feb  ling's 
solution  and  distilling  without  decomposition  in  a  vacuum.     The  solu- 
bility in  organic  solvents  and  the  volatility  of  these  compounds,  as 
was  to  be  expected,  increase  with  the  number  of  the  methoxyl  groups 
present  in  the  molecule,  and  it  was  found  possible,  therefore,  to  isolate 
the  main  constituent  of  the  mixture  by  fractional  distillation.     This 
sabetanoe,  which  proved  to  be  a  trimethyl  methylglucoside,  boils  at 
167 — 170°  under  17  mm.  pressure  and  is  readily  hydrolysed  by  dilute 
hydrochloric  acid,  giving  a   syrup  which  reduces    Fehling's  solution 
vigorously.     It  is  ^own  in  the  aiioceeding  paper  that  three  of  the 
four  methoxyl  groups  are  retained  throughout   the  hydrolysis,  the 
product  being  a  trimethyl  glucose.     Attempts  to  obtain  a  hydrazone 
or  oeazone  from  this  compound  having  failed,  evidence  of  its  aldose 
nature  was  sought  by  oxidising  it  with  bromine  water  according  to 
Kiliani's  method.     The  process  gave  an   almost   neutral   syrup,   an 
analysis  of    which  after  distillation  gave   figures  approximating   to 
thoee  for  trimethylgluconolactone.  The  lactonic  nature  of  the  compound 
was  confirmed  by  titration  with  alkali  and  by  the  gradual  change  in 
the  optical  rotation  of  its  solution. 

As  stated  above,  the  main  product  of  the  methylation  when  it  is 
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carried  out  in  methyl  alcohol  is  a  trimethyl  methylglucoside.  The 
last  remaining  hydroxyl,  probably  that  of  the  terminal  primary 
carbinol  group  of  the  chain,  alkylates  more  slowly  than  the  others. 
Even  when  the  alkylating  agent  was  used  in  considerable  excess,  the 
tetramethyl  derivative  was  produced  in  very  small  quantity.  This  is 
partly  due  to  the  fact,  which  is  evident  from  the  abundant  production 
of  dimethyl  ether  in  the  course  of  the  process,  that  the  alkylation 
extends  to  the  solvent  alcohol,  and  that  much  of  the  alkylating  agent 
is  thus  lost.  Complete  alkylation  of  the  glucoside  can,  however,  be 
effected  by  taking  advantage  of  the  fact  that  the  trimethyl  methyl- 
glucoside is  readily  soluble  in  methyl  iodide.  Such  a  solution 
reacts  readily  with  silver  oxide,  and  under  these  conditions  tetra- 
methyl methylglucoside  is  obtained  as  a  neutral,  comparatively  mobile 
liquid  boiling  at  144 — 145°  under  17  mm.  pressure  and  showing  no 
action  on  Fehling's  solution. 

On  hydrolysing  this  compound  with  dilute  hydrochloric  acid,  the 
glucosidic  methoxyl  only  is  removed,  and  a  tetramethylated  glucose  is 
produced,  which  distils  without  decomposition  at  182 — 185°  under 
20  mm.  pressure  and  gradually  solidifies  ;  by  recrystallising  from  warm 
ligroin,  it  is  obtained  in  long  needles  melting  at  81 — 83°.  The  com- 
pound reduces  both  Fehling's  solution  and  ammoniacal  silver  nitrate 
on  warming,  and  has  undoubtedly  the  structure  of  an  aldose.  To 
indicate  this  and  to  distinguish  it  from  the  isomeric  trimethyl  methyl- 
glucoside referred  to  above,  it  may  be  named  tetramethyl  glucose. 

Although  the  substance  reacted  with  phenylbydrazine,  attempts  to 
procure  from  it  an  osazone  or  crystallised  hydrazone  were  not  success- 
ful, but  evidence  of  its  nature  was  procured,  as  before,  by  Kiliani's 
process  of  oxidising  aldoses  to  aldonic  acids.  The  product  was  an  acid 
oil,  soluble  in  ether,  but  dissolving  completely  in  water  only  on  heating. 
Analysis  of  the  substance  dried  at  100°  in  a  vacuum  showed  it  to  be 
tetramethyl  gluconolactone.  This  conclusion  was  confirmed  by  the 
analysis  of  a  barium  salt  prepared  from  it,  also  by  its  behaviour  on 
neutralisation,  and  by  the  gradual  diminution  in  specific  rotation  shown 
by  its  aqueous  alcoholic  solution. 

Tetramethyl  glucose  was  obtained,  as  stated,  by  hydrolysing  tetra- 
methyl a-methylglucoside.  With  the  idea  of  ascertaining  whether  the 
methyl  group  lost  in  hydrolysis  could  be  re-introduced  by  our  method 
of  alkylation,  and,  if  so,  whether  this  would  result  in  the  reproduction 
of  the  initial  compound  or  an  isomeride,  the  crystalline  tetramethyl 
glucose  was  dissolved  in  methyl  iodide  and  treated  with  silver  oxide. 

The  product  was  a  neutral  oil  distilling  without  decomposition  at 
124—127°  under  8  mm.  pressure,  which,  after  3  months,  deposited 
crystals  melting  at  42 — 43°.  Analysis  of  the  crystalline  substance 
showed  it  to  be  a  pentamethylated  glucose ;  it  reduced  ammoniacal 
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nlrw  nitrAte,  but  did  not  reduce  FeliUog's  solution  eren  on  boiling. 
That  the  tubiUnce  i«,  bowoTer,  ieomerio  and  not  identical  with  tetra- 
metlijl  a-metlijlgluooftide  it  proved  by  ita  crystalline  obanuster,  iU 
lowtr  boiling  point,  and  its  different  optical  activity.  Of  the  three 
ptnlamethyl  glucoees  alluded  to  in  the  introduction,  it  must  be  either 
WIrameihyl  /^Hnethylgluooside  or  the  pentamethyl  glucose  of  aldehydio 
stmotore.  As  a  test  made  with  our  first  preparations  showed  no 
action  on  Fehling's  solution  after  warming  with  dilute  aqueous  hydro- 
chloric acid,  we  concluded  that  the  substance  was  the  latter  compound. 
On  repeating  the  experiment  on  a  second  preparation,  however,  redno- 
iioo  of  this  solution  was  observed.  The  amount  of  material  at  our 
disposal  being  too  small  for  further  investigation,  the  structure  of  the 
compound  must  remain  in  doubt  for  the  present.  Its  IsBVorotatory 
power  favours  the  view  that  it  is  the  /3-gIucoside. 

Examination  of  the  oil,  which  deposited  the  crystals  just  described, 
showed  that  it  probably  contained  tetramethyl  a-methylglucoside.  It 
reduced  Fehling's  solution  only  after  being  hjdrolysed,  and  the  product 
of  hydrolysis  yielded  a  minute  quantity  of  crystals,  which,  from  their 
melting  point,  seemed  to  be  impure  tetramethyl  glucose.  It  appears, 
therefore,  that  by  the  methylation  of  this  compound  two  of  the  three 
l>iMitamethylated  glucoees  are  produced. 

Adopting  Fischer's  formula  for  methylglucoside  and  oiniiiing  the 
product  of  hydrolysis  of  the  trimethyl  derivative,  the  following  scheme 
represents  the  relations  of  the  compounds  described : 

CHj(OH)-CH(OH)-CH-(CH-OH),-CH-OMe        -^ 

" O 

••Meihylglacoside. 

— ^        CH^OH)CH(OMe)-CH-(CHOMe),-CIl-OMe        — > 

. 0 ' 

Trimethyl  a-methylglaoosidc 

-^        CH^OMe)-CH(OMe)-CH-(CH-OMe),-CH-OBIe        — > 


O 


Tetramethyl  a-methylglaeoside. 

CH^OMe)-CH(OMe)-CH(OH)-(CH-OMeVCHO 
TetnuDcthyl  glocoae  (m.  p.  81—93'). 


CH,(OMe)-CH(OMe)-CH(OH)-(CH-OMe),-CO,H 

TetnmethylglAonie  acid.  Peatsaethylated  glucose 

I  (m.  p.  42— 48*). 

OH^OMe)CH(OMe)*CH-(CH-OMeV00 

TetrainethTlglaconoUctone. 
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With  regard  to  the  optical  activity  of  the  glucose  derivatives  de- 
scribed in  this  and  the  succeeding  paper,  all  are  dextrorotatory  except 
the  above-mentioned  pentamethylated  glucose,  which  is  laevorotatory. 
The  specific  rotations  recorded  later  were  determined  for  the  most  part 
in  dilute  solution,  and  are  therefore  subject  to  considerable  experi- 
mental error.  It  must  also  be  stated  that  the  results  obtained  in 
different  preparations  of  the  same  substance  were  not  concordant. 
The  figures  quoted  below,  however,  suffice  to  show  that  it  is  the  methyl 
group  in  the  glucosidic  position  that  chiefly  affects  the  optical  activity, 
the  conversion  of  glucose  into  glucoside  causing  in  each  case  a  great 
increase  in  the  dextrorotation,  whilst  the  introduction  of  methyl 
groups  to  form  true  ethers,  whether  in  the  glucose  or  the  glucoside, 

produces  a  much  less  marked  effect. 

Solvent.  [a]o. 

Glucose H^O  -|-52-6° 

Trimethyl  glucose    CH^O  79'2 

Tetramethyl  glucose    CgHgO  78*2 

Methylglucoside  Jlfi  157  5 

Trimethyl  methylglucoside..,  C2HgO  150-2 

Tetramethyl  methylglucoside  CgHgO  140'5 

The  discordant  observations  of  optical  activity,  exhibited  more  par- 
ticularly in  different  preparations  of  tri-  and  tetra-methyl  a-methyl- 
glucosides,  may  be  accounted  for  by  the  presence  of  impurities,  as  the 
fractionation  of  such  viscid  liquids  was  necessarily  attended  with  much 
difficulty ;  or  they  may  be  due  to  partial  conversion  of  the  compounds 
into  isomerides  by  intramolecular  rearrangement  during  the  repeated 
treatments  with  methyl  iodide.  The  activity  of  these  two  substances 
was  not  impaired  by  redistillation. 

We  have  formulated  the  tri-  and  tetra-methyl  glucoses  on  the  basis 
of  the  aldehydic  formula  commonly  used  for  the  parent  sugar.  It  is, 
of  course,  probable  that  these  compounds  are  subject  to  tautomeric 
change  like  glucose  itself,  although  it  is  worthy  of  note  in  this  connec- 
tion that  we  obtained  no  distinct  evidence  of  multirotation  in  the  case 
of  either  compound.  Wo  ho{)e  to  make  a  thorough  examination  of  the 
crystalline  tetramethyl  glucose  from  this  point  of  view,  and  in  par- 
ticular to  ascertain  whether,  on  hydrolysis,  tetramethyl  ^-methyl* 
glucoside  yields  the  same  compound  as  the  corresponding  a-glucoside 
or  a  stereoisomeride. 

Our  results  supply  evidence  of  some  interest  in  support  of  the 
formula  adopted  by  Fischer  for  his  alkylglucosides  {loc.  ciL),  The 
general  correctness  of  this  formula  has  been  amply  verified  by  sub- 
sequent research,  but  positive  evidence  with  respect  to  the  position 
of  the  oxygen  coupling  of  the  ring  is  still  lacking.  Fischer's  view 
that  the  oxygen  is  linked  to  the  ycarbon  atom  is  mainly  based  on  the 
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Cm!  that  benioyloarbiool,  benxoin,  and  glycoUldehytle  {Bm'.,  1897,  80, 
8065)  do  not  yield  deriTaUves  of  a  gluooddio  nature,  and  that  the  group 
00*OH*OH,  therefore,  doee  not  suffioe  for  the  formation  of  gloooetdet. 
The  alternative  linkage,  that  of  the  ethylene  oxide  type,  was  sup- 
ported by  Marchlewski,  and  his  arguments  in  favour  of  this  formula 
were  replied  to  by  Fiaoher.  Lobry  de  Bruyn  and  Ekenstein,  however 
(Sir.,  1895,  28,  3078),  oonsider  that  the  interoon version  of  glneoee, 
IsBvuloee,  and  mannose  by  the  action  of  alkalis  lends  support  to 
Marohlewski's  view.  The  fact  that  our  tetramethylgluconio  acid  forms 
a  laetoiie  sbows  that  its  one  unmethylated  carbinol  group  is  that  in 
the  'jr-poaition ;  it  follows,  necessarily,  that  in  the  tetramethyl  methyl 
gioeoeade  from  which  the  acid  was  derived,  and,  consequently,  also  in 
the  parent  methylglucoside,  it  is  the  y-carbon  atom  which  is  united 
with  the  oxygen  of  the  ring.     Fischer's  formula  is  thus  confirmed. 

Preliminary  experiments  show  that  methylfructoside  behaves  like 
the  corresponding  glucoside,  and  yields,  when  completely  methylated, 
tetramethyl  methylfructoside,  a  syrup  boiling  without  decomposition 
.>t  1,^9 — 136^  under  10  mm.  pressure.  The  method  of  alkylation  has 
1  applied  satisfactorily  to  acetone  rhamnoside.  According  to 
i  .-w.w  a  formula  {Ber,,  1895,  28,  1150),  the  substance  contains  two 
unetherified  secondary  carbinol  groups.  By  carrying  out  the  alkyl- 
ation first  in  acetone  and  then  in  methyl  iodide  solution,  the  hydroxy  1 
of  both  groups  is  methylated  with  the  production  of  dimethyl  acetone 
rhamnoside.  The  substance  is  an  oil  of  pleasant  odour,  distilling 
readily  at  115 — 118°  under  11  mm.  pressure.  The  introduction  of  the 
methyl  groups  changes  the  sign  of  rotation,  the  compound  being 
laevorotatory.  A  detailed  description  of  the  results  obtained  with 
the  fructoside  and  rhamoeide  will  be  given  in  a  later  communication. 

Our  method  of  alkylation  can  also  be  applied  to  bioses.  In  the  case 
of  maltose,  as  was  to  be  expected,  the  reaction  is  complicated  by  the 
occurrence  of  oxidation,  and  we  have  not  been  able  as  yet  to  isolate 
any  of  the  products  in  a  pure  state.  Cane  sugar,  however,  gives 
resolU  of  some  interest.  It  was  to  be  expected  that  this  sugar, 
owing  to  the  absence  of  free  aldehydic  groups  in  its  composition, 
would  lend  iteelf  readily  to  the  reaction  ;  on  the  other  hand,  the  very 
alight  aolability  of  the  substance  in  all  solvents  in  which  the  process 
ean  be  carried  oat  eeemed  an  insurmountable  difficulty.  The  eolability 
of  a  sugar  in  organic  solvents,  however,  increaeee  aa  the  methylation 
proceeds,  and  we  found,  accordingly,  that  by  repeated  alkylations, 
first  in  aqueous  methyl  alcohol  and  then  in  dry  alcohol,  a  syrup 
entirely  soluble  in  methyl  iodide  was  produced,  and  the  methylation 
was  therefore  completed  in  the  latter  solvent.  In  this  manner,  a 
neutral  oil  was  finally  obtained  which  showed  no  action  on  Fehling's 
solution  imtil  it  was  hydrolysed.    The  product  of  hydrolysis  was  a 
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viscid  liquid  which,  after  a  time,  partly  crystallised.  The  crystalline 
substance,  when  purified  by  recrystallisation  from  ligroin,  was  recog- 
nised by  its  melting  point  and  by  analysis  to  be  identical  with  the 
tetramethyl  glucose  previously  prepared  from  glucose.  The  un- 
crytitallisable  portion  of  the  oil  no  doubt  contains  the  corresponding 
derivative  of  lajvulose,  which  may  possibly  be  isolated  by  distillation 
or  otherwise. 

Fischer  (/?er.,  1893,  26,  2401),  after  developing  the  constitution  of 
the  alkylglucosides,  concludes  that  the  complex  carbohydrates  probably 
possess  a  similar  structure.  Modifying  the  formula  suggested  by 
Tollens  (^er.,  1883,  16,  923),  he  accordingly  represents  the  constitu- 
tion of  cane  sugar  as  follows  : 

CH2(OH)-C-CH(OH)-CH(OH)-CH-CH2-OH 


CH-CH(0H)-CH(0H)-CH-CH(0H)-CH2-0H 


and  Perkin  has  recently  shown  (Trans.,  1902,  81,  185)  that  this  view 
is  corroborated  by  the  magnetic  rotation  of  the  sugar. 

The  fact,  just  mentioned,  that  methylated  cane  sugar  and  methyl- 
ated methylglucoside  give,  on  hydrolysis,  the  same  tetramethyl  glucose, 
proves  that  the  constitution  and  linkage  of  the  glucose  group  of  the 
biose  is  the  same  as  that  of  the  simple  glucoside.  This,  coupled  with 
the  evidence  given  above  of  the  constitution  of  tetramethyl  glucose, 
furnishes  conclusive  evidence,  at  least  so  far  as  the  glucose  half  of  the 
molecule  is  concerned,  of  the  correctness  of  Fischer's  formula. 


Tinimthyl  a-Met/ti/lglucoside. 

The  a-methylglucoside  used  was  prepai*ed  by  Fischer's  method  {loc. 
cU.),  the  yield  of  product  obtained  (m.  p.  165 — 167°)  being  73  per 
cent,  of  the  weight  of  glucose  used. 

The  method  of  alkylation  finally  adopted  was  as  follows :  the  dry 
silver  oxide  (5  mols.)  was  added  to  the  mixture  of  methyl  iodide  (10 
mols.)  and  methylglucoside  (1  mol.)  dissolved  in  six  to  seven  times 
its  weight  of  pure  methyl  alcohol.  The  methyl  iodide  was  kept  in 
6X0688  of  the  oxide  during  tho^process,  and  to  obviate  precipitation  of 
the  glucoside  it  was  added  in  several  instalments,  each  addition  being 
followed  by  the  corresponding  amount  of  the  oxide.  The  action, 
which  was  started  after  each  addition  by  slightly  warming  the  mixture, 
was  then  allowed  to  proceed  spontaneously,  and  finally  completed 
by  heating  for  some  time  on  a  water*bath  under  a  reflux  condenser. 
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The  ttlTer  residuos  having  bean  filt«rod  off  and  waahed  with  hot 
maihyl  alcohol,  the  filtrate  was  evaporated  to  diynesa,  and  the  residual 
■jnip  waatheo  extracted  with  ether,  the  alkyUted  prodooU  being  thtie 
removed  and  any  unaltered  glucoeide  precipitated.  The  ethereal 
eztraet,  dried  with  anhydrous  sodium  sulphate  and  then  evaporated, 
left  a  viaeid  syrup,  which  was  distilled  on  a  graphite  bath  under 
reduced  ^Nreaeore.  The  total  distillate,  boiling  at  157—165''  under  14 
OUB.  presanre,  amounted  to  about  half  the  weight  of  glucoside  taken« 
After  several  fractional  distillations,  a  liquid  boiling  at  167 — 170^ 
under  17  mm.  preesnre  was  collected,  which  was  analysed  with  the 
following  results : 

01999  gave  03723  CO,  and  01506  H,0.     C-50-70  ;  H  =  8-37. 
CjjH^pOe  requires  0  =  5085  j  H-8-47  per  cent. 

That  the  substance  was  not  merely  a  mixture  of  different  alkylated 
products  is  proved  by  the  fact  that  the  same  liquid  of  constant  boil- 
ing point  was  obtained  in  other  experiments  when  different  propor- 
tions of  the  alkylating  agent  were  used,  and  even  when  the 
glucoeide  employed  was  a  crude,  syrupy  mixture  of  the  a-  and  /Sforms. 
Ia  the  latter  preparation,  a  better  method  of  isolating  the  product 
was  apparently  employed,  because  combustions  of  successive  distilla- 
tions gave  the  following  results : 

I.     C-50-84;  H  =  8-61.     11.     C « 5087  ;  H « 858. 

As  the  various  methylated  derivatives  do  not  differ  very  much  in 
elementary  composition,  the  methoxyl  was  determined  by  Zeisel's 
method: 

0-4704  gave  17864  Agl.     Cll,O=.5013. 
0  3292    „     1-2480  AgL     CH,O-5004.» 

C^Ufi^OCH^\  requires  CH,0- 52-54  percent. 

A  determination  of  the  molecular  weight  of  the  substance  by  the 
cryoeoopic  method  in  aqueous  solution  gave  209,  the  calculated  value 
being  236.  The  substance  is  therefore  trimetbyl  a*methylglucoside. 
iWhen  warmed,  it  is  a  colourless,  fairly  mobile  liquid,  but  on  cooling  it 
a  viscid  syrup,  which,  after  the  lapse  of  a  year,  shows  no  sign  of 
rstallising.  The  substance  has  a  slightly  sweet  taste  ;  it  is  soluble 
water,  alcohol,  and  ether,  and  has  no  action  on  Fehling's  solution. 
Obeervations  of  the  specific  rotation  in  alcoholic  solution  gave: 
[.1,  e»  15-86,  a^  +1%96°,  hence  [a]?  i<  4- 125*9'';  a  solution 
ined  by  diluting  5  c.c  of  this  to  15  c.c  gave  [a}?*  +  126'8°.t  An 
The  qomotitj  of  sabstaae*  Med  in  thete  deteminatioiis  wm  too  large.  A 
remit  is  recorded  la  the  soceeeding  peper. 
^  An  obeenratioa  showing  a  orach  higher  specific  rotation  is  reeorded  in  the 
sneceediDg  paper. 
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observation  of  the  specific  rotation  of  the  pure  liquid,  made  at  30°  so 
as  to  admit  of  the  substance  being  manipulated,  gave  :  d  30^/4'' ib 
M656,  a=/r   +75-66°;/  =  0-5;  [a]^  +129-8° 

When  the  alkylating  agent  is  used  in  the  proportion  given  above, 
little  or  no  unchanged  glucoside  is  left,  and  the  undistilled  residues 
and  less  volatile  fractions  consist  of  mono-  and  di-methylated  deriva- 
tives, the  percentage  of  carbon  in  which  is  raised  by  repeated  alkyl- 
ation.  When  a  larger  proportion  of  alkylating  agent  is  used,  the 
more  volatile  tetramethyl  ether  is  produced  in  small  quantity.  It  was, 
however,  extremely  difficult,  even  by  repeated  alkylation,  to  extend 
the  process  beyond  the  trimethyl  stage  so  long  as  any  methyl  alcohol 
was  present.  The  further  examination  of  this  compound  is  described 
in  the  succeeding  paper. 

TetrameOiyl   a-Methylglucoside. 

On  alkylating  again  some  of  the  lower  methylated  ethers  from  the 
previous  experiments  without  the  use  of  other  solvent  than  methyl 
iodide,  we  found  that  the  final  distilled  i^oduct,  which  was  compara- 
tively mobile,  had  a  much  lower  boiling  point  than  the  trimethyl  ether, 
and  its  composition  approximated  to  that  of  a  tetramethyl  methyl- 
glucoside.  The  same  process  was  therefore  applied  to  the  pure 
trimethyl  ether,  the  following  experiment  being  quoted  as  an  example 
of  the  method  employed.  A  very  large  excess  of  alkylating  agent 
was  used,  the  quantities  taken  being  15  grams  of  trimethyl  ether 
(1  mol.  reckoned  as  methylglucoside),  115  grams  of  methyl  iodide 
(10  mols.),  and  90  grams  of  dry  silver  oxide  (5  mols.).  The  ether  was 
dissolved  in  half  the  total  amount  of  iodide,  and  then  half  the  oxide 
was  added  in  small  quantities,  the  mixture  being  heated  after  each 
addition.  The  action  was  feeble,  and  when  the  rest  of  the  alkylating 
material  had  been  similarly  added  the  mixture  was  heated  for  some 
hours  on  a  water-bath.  The  liquid  obtained  after  filtering  and 
extracting  the  silver  residues  with  ether  was  dried  with  anhydrous 
sodium  sulphate  and  evaporated.  On  distilling  the  residual  neutral 
oil,  10  grams  were  collected  which  boiled  at  144 — 152°  under  about 
20  mm.  pressure,  and  fractionation  yielded  6'2  grams  boiling  steadily 
at  144 — 145°  under  17  mm.  pressure.  The  results  of  analysis  and  of  the 
methoxyl  determination  in  two  different  preparations  were  as  follows  : 

0-1794  gave  0-3480  00,  and  01426  HjO.     C-62-90  ;  H-BBS. 
0-2144    „     0-4134  OOj    „    01678  H,0.     C - 52-69  ;  H- 8-67. 
01378    „    0-6484  Agl.     OH80-62-11. 
01822    „    0  8494  Agl.     CH,0«61-54. 
OjiH^Og    requires   C-5280;     H-8-80.      CgHy0(00H,)5    requir«re 
CH,O-62-0. 


e. 

•r. 

[a]r. 

In  ethyl  alcohol.... 

..     5-4233 

+  13-86° 

+  127-8° 

»» 

5-0090 

14-08 

140-5 

Water 

5-005 

13-63 

136-2 
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Analjau  of  a  third  prepMmiioo  gave  C  -  53*45 ;  H  -  8'86 ;  CU,0  -  6104 
l^r  cent. 

lt>  propftriog  Uiia  oompoaod,  it  is  uoncceBtary  to  iHc»late  tho  in- 
BieUijI  •tker.  The  erude^  Bjnip  containing  the  latter,  obtained  from 
the  alkyUtion  in  methyl  alcohol  solution,  may  be  alkylated  after  drying 
by  heatingina  vacuum  in  methyl  iodide  eolation  in  the  manner  described 
above.  'If  the  less  yolatile  fractions  are  again  alkylated,  the  yield  is 
about  55  per  oent.  of  the  gluooeide  taken. 

Tetramethyl  a-methylglucoside  is  a  colourless,  neutral,  syrupy  liquid 
po«easing  a  burning  taste ;  it  is  soluble  in  water,  alcohol,  acetone, 
ether,  and  methyl  iodide,  and  has  no  action  on  Fehling's  solution. 
Deteiminations  of  the  specific  rotation  made  on  different  preparation!* 
gave  discordant  results,  as  mentioned  in  the  introduction.  The 
following  obecrvations  were  made  in  a  2  dcm.  tube  : 


II. 


The  solutions  did  not  exhibit  multirotation,  and  the  optical  activity 
wa>  but  slightly  altered  by  redistilling  the  substance. 

The  specific  rotations  of  the  two  preparations  in  the  form  of  pure 
liquids  were : 

I.  /-0-5.  aJT  +70-5°;  d  20°/4°-M006,  [a]|r  +1281°. 
II.  /-0-5,ajr  +77-5°;  <i  20°/4°- 1-1025,  [a jV  +140-6''. 

The  specific  rotation  of  the  liquid  substance  is  nearly  the  same  as 
in  alcoholic  solution  ;  in  aqueous  solution,  it  is  considerably  lower. 

TelrninelJnjl  Glucose. 

To  prepare  this  substance,  tetramethyl  a-methylglucoside  is  boiled 
with  8  per  cent,  aqueous  hydrochloric  acid  for  half  an  hour  and  the 
dark  coloured  solution  is  then  neutralised  with  sodium  hydroxide  and 
evaporated.  As  evaporation  proceeds,  a  part  of  the  product  of 
hydrolysis  separates  as  an  oil  and  must  be  removed  by  extraction 
with  ether.  The  residue  left  on  complete  evaporation  is  boiled 
with  alcohol  and,  sodium  chloride  having  been  filtered  off,  the 
alcoholic  liquid  is  evaporated.  The  residual  syrup  is  then  extracted 
with  boiling  ethary  whieh  (paves  tho  greater  portion  of  tho  colouring 
matter  undisaolTcd ;  the  etliereal  solution,  to  which  is  added  tho  solution 
containing  the  above-mentioned  oil,  after  being  decolorised  with  animal 
charcoal  and  dried  with  sodium  sulphate,  is  completely  evaporated. 
The  reridne  is  a  pale  yellow  oil  consisting  mainly  of  tetramethyl 
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glucose  and  unaltered  tetramethyl  methylglucoside.  To  separate  these, 
the  mixture  may  be  extracted  with  boiling  ligroin,  which  dissolves  the 
former,  or  it  may  be  distilled.  In  the  latter  case,  the  unaltered 
glucoside  ether  passes  over  first,  after  which  the  thermometer  riseer 
quickly,  when  the  tetramethyl  glucose  is  collected  as  a  viscid 
liquid  boiling  at  182 — 185°  under  20  mm.  pressure  and  slowly 
crystallising  in  long  needles.  This  less  volatile  distillate  contains, 
however,  a  considerable  quantity  of  uncrystallisable  oil,  from  which 
the  crystals  have  to  be  separated  by  means  of  a  porous  tile.  A  further 
quantity  of  substance  is  obtained  by  extracting  the  tile  with 
ether,  evaporating,  and  extracting  the  residual  syrup  with  boiling 
ligroin.  When  recrystallised  from  this  liquid,  it  is  deposited  in 
beautiful  tufts  of  radiating  needles  melting  at  81 — 83°.  The 
yield  of  the  recrystallised  compound  was  35  per  cent,  of  the  weight 
of  tetramethyl  methylglucoside  taken. 

The  analysis  of  two  different  preparations  and  a  methoxyl  deter- 
mination were  made  with  the  following  results  : 

I.  01705  gave  0-3165  CO^  and  0-1344  HgO.     C-50-63;  H«8-69. 

01537     „     0-6137  Agl.     CH8O  =  52-70. 

II.   01933     „     0-3578  COg  and  0-1460  HgO.     C  =  50-48;  H  =  8-39. 

0-1612     „     0-3010  COg    „   0-1250  HgO.     0  =  5092  ;  H  =  8-62. 

CjoHjoOe    requires    0  =  50-85;    H  =  8-47.      OgH802(OOHs)4    requires 

OHgO- 52-54  percent. 

The  substance  has  a  bitter  taste  and  is  neutral  to  litmus  ;  it  is  readily 
soluble  in  all  ordinary  organic  solvents,  but  sparingly  so  in  ligroin. 
Fehling's  solution  is  reduced  on  boiling,  and  ammoniacal  silver  nitrate 
on  gently  warming.  The  aqueous  solution  becomes  yellow  and 
finally  brown  on  boiling  with  dilute  alkali,  and  with  a-naphthol  and 
concentrated  sulphuric  acid  (Molisch  reaction)  the  substance  behaves 
like  glucose. 

Observations  of  the  specific  rotation  gave  the  following  results  : 

In  alcohol:  /=  2,  c  =  5-0083,  aiT  +7-83°, hence  [a JS:' 78  2^. 
In  water  :    /«  2,  c-5-0183,  aif  +8-11°,  hence  [a]?r  80-8*^ 

After  24  hours,  the  observed  rotation  of  this  solution  rose  by 
0*22°,  the  specific  rotation  thus  becoming  83*0°;  24  hours  later 
the  reading  appeared  to  be  constant.  The  "compound  therefore  exhibits 
the  property  of  multirotation  to  a  very  slight  extent,  if  at  all. 

Trimethyl  glucose  and  phenylhydrazine  readily  interact  in  molecular 
proportions  with  the  production  of  an  oil  insoluble  in  water,  very 
soluble  in  alcohol,  ether,  and  benzene.  The  substance  could  not  be 
made  to  crystallise,  but,  aa  indicated  below,  it  is  doubtless  a  hydr- 
aione. 
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Wbeo  the  pure  base  and  ih«  methyUied  togMr  were  mixed  in 
ethereal  eolution  in  the  proportion  indicated,  only  a  slight  coloratioQ 
eneoed,  which  wa«  not  much  increased  when  the  solution  was  heated 
at  by  in  a  sealed  tube.  Reaction  had,  however,  oocurred,  as  the  oil 
which  was  left  on  evaporating  the  ether,  after  having  been  washed 
with  dilute  aoetio  acid,  had  no  action  on  Pehling's  solution.  Wbeo  a 
iilule  aoetio  add  solution  of  the  base  was  added  to  the  sugar  derivative 
la  the  sane  proportions  as  before,  the  latter  dissolved  at  once,  and  the 
solutioQ  sabeequently  deposited  a  light  yellow  oil  The  interaction  of 
the  tnbatanoe  was  evidently  complete,  sb  only  a  minute  quantity  of 
phenylhydrasine  acetate  was  found  in  the  aqueous  layer.  Although 
the  oil,  after  having  been  washed  with  water,  had  no  action  whatso- 
ever on  Fehling's  solution,  even  on  boiling,  yet  that  it  nevertheless 
>  ontained  both  the  sugar  and  hydrazine  i^esidues  was  proved  by  the 
(>ositive  results  obtained  on  applying  the  Zeisel  test  for  methoxyl  and 
the  ordinary  test  for  nitrogen.  Attemptn  to  recover  the  methylated 
glucose  by  decomposing  the  compound  with  benzaldehyde  or  with 
fuming  hydrochloric  acid  were  unsuccessful,  but  it  behaved  towards 
the  latter  reagent  like  a  hydrazone,  as  the  product  of  the  action  at 
once  redooed  Fehling'H  solution  in  the  cold. 

Tetrameihylgluconie  Acid. 

Tetramethyl  glucose  is  readily  converted  into  this  acid  by  the  action 
>f  bromine  water.  The  oxidation  was  carried  out  according  to  the 
method  of  Kiliani  and  Kleemann  (Ber,,  1884,  17,  1298)  for  the  pre- 
paration of  gluconic  acid,  the  quantities  of  material  used  being 
\'Z  grams  of  tetramethyl  glucose,  10*6  grams  of  bromine,  and 
-1*5  grams  of  water.  The  bromine  was  added  gradually  with  frequent 
-haking,  and  after  15  hours  the  small  quantity  of  this  element  left  was 
boiled  off ;  the  hydrobromic  acid  was  then  removed  with  silver  oxide  and 
the  dissolved  silver  by  means  of  sulphuretted  hydrogen.  The  residue  left 
ou  evaporation  was  dissolved  in  ether  in  order  to  remove  some  barium 
salt  formed  from  traces  of  barium  carbonate  contained  in  the  silver 
oxide,  and  the  ethereal  solution,  after  being  treated  with  anhydrous 
sodium  sulphate,  was  evaporated  to  dryness.  The  residue  was  a  pale 
}ellow  oil  weighing  2*6  grams,  which  consisted  mainly  of  tetramethyl- 
glueonolactone;  it  was  prepared  for  analysis  by  heating  at  100°  under  re- 

Iuced  pressure,  but  no  further  attempt  was  made  to  purify  the  substance. 
The  following  analytical  results  were  obtained  with  different  pre- 
arations :  * 

01771  gave  0  3288  CX),  and  0  1228  llfi.    C- 60-63;  H-7-70. 
0-3156     „     0  5946  CO,    „    0-2204  11,0.     C  -  51-38  ;  H  -  7-75. 

Cj^HjgO,  requires  C  -  5128 ;  H  -  769  per  cent. 
VOL.  LXXXIII.  •>  y- 
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Tho  result  of  a  determination  of  methoxyl  showed  that  these  groups 
had  not  been  affected  by  the  oxidation : 

01455  gave  0-5934  Agl.     CH3O  =  53-83. 

CgHgOgCOCHg)^  requires  62-99  per  cent. 

The  lactone,  which  was  found  to  volatilise  at  100°  under  reduced 
pressure,  condensed  as  an  oil ;  it  formed  oily  globules  in  water  which 
disappeared  on  warming,  and  produced  an  acid  solution.  When 
treated  with  alkali,  it  showed  the  characteristic  behaviour  of  a 
lactone.  An  alcoholic  solution  containing  0*2646  gram  of  the  sub- 
stance was  titrated  with  an  aqueous  solution  of  barium  hydroxide 
(1  c.c.  =  001052),  phenolphthalein  being  used  as  indicator.  The  pink 
colour  produced  on  adding  a  small  quantity  of  the  alkali  gradually  dis- 
appeared, and  the  solution  after  some  time  was  again  distinctly  acid. 
After  adding  5  c.c,  the  colour  was  persistent  for  about  a  minute  in 
the  cold  ;  it  finally  remained  quite  permanent,  even  on  boiling,  after 
the  addition  of  9  50  c.c.  CjQHjgOg,  calculated  as  lactone,  requires 
9-22  c.c.  for  neutralisation. 

It  was  found  impossible  to  isolate  the  acid  or  to  obtain  crystalline 
salts.  The  calcium  salt  is  a  gum,  the  cadmium  salt  a  glass,  and  both 
are  soluble  in  alcohol. 

The  barium  salt  was  obtained  for  analysis  by  the  following  process : 
the  solution  prepared  by  digesting  the  aqueous  solution  of  the  lactone 
with  barium  carbonate  was  evaporated  to  dryness ;  the  residual  glass 
was  powdered,  dried  at  110°,  treated  with  boiling  ether  to  remove 
extraneous  organic  matter,  and  then  taken  up  in  alcohol.  On  the 
addition  of  ether  to  the  solution  thus  obtained,  the  salt  separated  as  a 
perfectly  white,  bulky,  gelatinous  precipitate,  which  was  collected, 
washed  with  ether,  and  dried  at  115°  for  analysis : 

I.  C  =  37-69;  H  =  5-99;  Ba  =  21-46. 
II.  0  =  37-49;  H  =  5-85 ;  Ba  =  21-50. 
CjoHggOi^Ba  requires  0  =  37-54;  H  =  5-94;  Ba« 21*49  per  cent. 

The  optical  activity  of  the  lactone  was  determined  in  an  aqueous 
alcoholic  solution  containing  0*4837  gram  in  20  c.c.  The  rotation 
observed  immediately  after  the  solution  was  prepared  was  +4*87°  in 
a  2  dcm.  tube ;  this  decreased  in  1  hour  45  minutes  to  3-58°,  and  after 
three  days  to  1*91°,  the  specific  rotation  having  thus  fallen  from 
100*7*»  to  39-5°. 

Methylalion  qf  TetraiMt/iyl  Glueo9$, 

In  a  preliminary  attempt  to  methylate  tetramethyl  glucose  witii 
silver  oxide  and  methyl  iodide,  a  mobile  oil  was  obtained  which  boiled 
-ooosiderably  lower  and  showed  on  analysis  a  higher  percentage  of 
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carbon  than  the  original  substance;  after  threo  monthn,  the  liquid 
deposited  slender  prisma  melting  at  39 — 40°.  The  experiment  was 
aooordinglj  repeated,  the  material  used  being  2  grams  of  tetramethyl 
gloeoee,  30  grams  of  methyl  iodide,  and  12  grams  of  silver  oxide. 
The  substituted  gloooee  diseoWed  easily  in  the  iodide,  and  on  adding 
the  oxide  a  feeble  although  appreciable  reaction  ensued  which  was 
>mplet4)d  by  heating  for  6  hours  on  a  water-bath  under  a  reflux 
condenser.  The  ethereal  solution  of  tho  product,  after  drying  with 
sodium  sulphate,  was  evaporated,  and  tho  residual  oil  was  distilled ; 
the  total  distillate  between  124^  and  135°  under  8  mm.  pressure 
weighed  1*7  grams,  and  of  thi?,  1*00  grams  were  collected  at 
124 — 127°.  The  crystallisation  of  this  fraction  was  induced  at  once 
by  introducing  a  small  fragment  of  the  previously  prepared  substance. 
After  being  freed  from  the  oil  in  which  they  were  imbedded  by  drying 
on  a  porous  tile,  the  crystals  weighed  0'48  gram  and  melted  at 
43-— 4S°.  On  account  of  the  small  quantity  of  available  material,  the 
subelanoe  had  to  be  analysed  without  further  purification  : 

01318  gave  0  2546  CO,  and  01057  HjO.  C-52  68;  H-8  91. 
01464  „  0-2835  CO,  and  01178  HjO.  C-52  81;  H-8-91. 
01333     „     0-6213  Agl;  CHjO- 61 -52. 

C4H,0(OCH,)5  requires  C  =  5280 ;  H  =  880 ;  Clf,0  =  6200. 

The  compound  is  therefore  a  pentamethylated  glucose  isomeric 
with  the  tetramethyl  a-methylglucoside  already  described ;  we  are 
unable,  however,  at  present  to  say  whether  it  is  the  glucosidic  or  the 
aldehydic  isomeride. 

The  substance  became  brown  on  boiling  with  alkali,  gave  the 
Molisch  reaction,  and  reduced  ammoniacal  silver  nitrate,  but  it  did 
not  reduce  Fehling's  solution  even  on  boiling.  In  alcoholic  solution,  it 
was  feebly  bavorotatory ;  for  c-5002,  and  1=-1,  a^  -0*7°,  hence 
[a]r  - 13-90°. 

The  neutral  oil,  which  yielded  the  crystals  of  pentamethylated 
glucose,  was  recovered  from  the  porous  tile  by  extraction  with  ether. 
It  was  indifferent  to  Fehliog's  solution,  but  the  product  of  its  hydro- 
lysis, a  viscid  liquid  which  was  isolated  by  the  process  used  in 
previous  cases,  reduced  this  reagent  on  warming.  A  ligroin  extract 
of  the  syrup,  when  evaporated,  deposited  crystals  which,  from  their 
appearance  and  solubility  in  this  solvent,  were  taken  to  be  tetramethyl 

ucose.  Their  low  melting  point,  55 — 57^,  much  higher,  however, 
that  of  the  above-mel&tiooed  pentamethylated  derivative,  may 
^ry  well  have  been  due  to  adhering  oil  from  which  it  was  impoesible 
to  free  them  on  account  of  the  minute  quantity  of  the  material.  An 
explanation  of  the  probable  production  of  this  substance  is  given  in 
the  introduction. 

d  Z   i 
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Alkylation  of  Cane  Sugar. 

The  materials  used  in  a  preliminary  experiment  were  :  three  grams 
of  cane  sugar  (1  mol.),  20  grams  of  methyl  iodide  (20  mols.),  and  16 
grams  of  silver  oxide  (10  mols.).  The  sugar,  previously  dissolved  in  3  c.c. 
of  warm  water,  was  mixed  with  20  c.c.  of  pure  methyl  alcohol,  and 
in  order  to  avoid  the  precipitation  of  the  sugar  by  the  iodide  and,  as 
far  as  possible  the  oxidising  effect  of  the  oxide,  the  same  precautions 
were  taken  in  mixing  the  materials  as  in  the  methylation  of  methyl 
glucoside.  A  brisk  reaction  was  set  up  on  slightly  warming.  After 
all  the  iodide  and  oxide  had  been  added,  the  mixture  was  heated  for 
4  hours  on  a  water-bath  under  a  reflux  condenser,  and  then  extracted 
with  methyl  alcohol.  The  residue  left  on  evaporating  the  alcohol  was 
a  viscid,  neutral  oil,  partially  soluble  in  methyl  iodide  and  dissolving 
readily  in  methyl  alcohol.  After  being  dried  at  100°  in  a  vacuum, 
this  was  dissolved  in  10  c.c.  of  the  latter  liquid  and  the  process  of 
alkylation  and  extraction  was  repeated.  The  solubility  of  the  substance 
in  methyl  iodide  had  now  so  far  increased  that  only  2  c.c.  of  methyl 
alcohol  were  required  to  keep  it  in  solution,  and  after  a  third  alkyl- 
ation with  the  same  quantity  of  materials  as  before,  ether  could  be 
used  for  the  extraction  of  the  product.  On  a  fourth  alkylation,  it  was 
found  possible  to  dispense  entirely  with  alcohol,  and  the  reaction 
produced  on  adding  the  oxide  was  very  feeble.  The  product,  obtained 
as  in  previous  alkylations,  weighed  2  grams  ;  it  had  a  neutral  reaction, 
was  not  very  soluble  in  water,  and  did  not  reduce  Fehling's  solution. 
The  decreasing  weights  of  the  silver  residues  from  the  successive 
alkylations,  32,  30,  28,  and  22  grams  respectively  from  16  grams  of 
oxide,  showed  that  the  conversion  into  iodide  became  less  complete 
as  the  alkylation  proceeded. 

As  the  oil  thus  procured  failed  to  crystallise,  it  was  hydrolysed  by 
boiling  for  half  an  hour  with  50  c.c.  of  about  1*5  percent,  aqueous  hydro- 
chloric acid.  The  product  of  hydrolysis,  obtained  as  in  previous  cases, 
was  a  yellow  oil  which,  on  being  nucleated  with  tetramethyl  glucose, 
deposited  the  long,  crystalline  needles  characteristic  of  this  substance. 
The  crystals,  after  being  dried  on  porous  tile,  recrystallised  from 
ligroin,  and  left  in  a  vacuum  over  paraffin  wax,  melted  at  83 — 84°,  the 
melting  point  previously  found  for  tetramethyl  glucose  being  81 — 83°. 

The  tile  used  in  absorbing  the  mother  liquor  of  the  crystals  was 
extracted  first  with  ligroin  and  then  with  ether.  As  neither  extract 
crystallised  on  being  nucleated,  the  material  was  again  hydrolysed  and 
treated  as  before,  when  an  additional  quantity  of  the  crystalline  needles 
was  obtained.  The  total  yield  of  crystals  from  the  2  grams  of  cine 
sugar  ether  was  0*33  gram. 
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The  aoaljftU  of  the crysUU  g«y»  O -  60-73  ;  H  - 8-50  ;  the  r«iuir«d 
figure  for  toiramethjrl  gluoote  beiog  C-50  85  ;  H-8-47  per  cent. 

The  unerTsUllited  peri  of  the  product  of  hjdrolysU  probebly 
coQteins  tetremeihjl  fmeioee,  and  the  elkylation  U  beiog  repeated  on 
e  leiger  eoele  with  the  view  of  ieoUtiog  and  identifying  this  subetenoe. 

We  are  applying  our  methods  of  alkylation  to  other  members  of  the 
sugar  group  and  to  natural  glucosides,  and  we  purpose  making  a  more 
oomptete  study  of  the  compounds  already  obtained,  including  their 
possible  application  to  the  synthesis  of  alkylated  disaccharides. 

la  oonciosion,  we  have  to  thank  Mr.  D.  M.  Paul  and  Mr.  C.  K. 
Voung  for  aeakniB  assistance  given  in  the  course  of  the  research. 

Umtbo  Oolumb  or  St.  Saltator  and  St.  Leonard, 
(jKiVEBsmr  or  St.  Anoebws. 


t'l. — Tri methyl    a-Methylglucosidc    and    Triniethyl 

Glucose. 

By  Thomas  Purdib,  F.R.8.,  and  Robebt  C.  Bbidgbtt,  M.A.,    R.Sc., 
Berry  Scholar  in  Science. 

It  is  shown  in  the  preceding  paper  that  when  a-methylglucoside  in 
methyl  alcoholic  solution  is  treated  with  silver  oxide  and  methyl 
iodide,  partial  methylation  of  the  compound  occurs,  the  chief  product 
of  the  reaction  being  a  trimethylated  a-n^ethylglucoside.  The  follow- 
ing experiments  wero  undertaken  with  the  view  of  supplementing  and 
extending  the  observations  on  this  compound  which  are  therein 
recorded. 

The  method  followed  in  preparing  the  substance  was  the  same  as 
that  already  described,  but,  with  the  idea  of  increasing  the  yield,  a 
larger  proportion  of  alkylating  agent  was  employed.  Using  35  grams 
of  a-methylglucoside  (1  mol.),  252  grams  of  silver  oxide  (6  mols.),  309 
grams  of  methyl  iodide  (12  mols.),  and  methyl  alcohol  in  quantity  just 
sufficient  to  dissolve  the  gluooside,  the  crude  product  obtained  on  dis- 
tillation (b.  p.  Ul^-iee"^  under  10—12  mm.  pressure)  weighed  27*4 
grams,  a  quantity  much  t^  excess  of  the  yield  previously  recorded. 
After  several  fractionations,  however,  only  97  grams  of  approximately 
puro  irimethyl  methylgluooside  (b.  p.  157^  under  9  mm.  pressure) 
were  collected  ;  the  yield  was  thus  about  28  per  cent  of  the  weight  of 
glucoside  taken.     Analysio  of   the  subatance  and  an    estimation  of 
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methoxjl  gave  :  0  =  50  50,  H-8-33,  CHgO- 51*67  per  cent.,  the  oaU 
culdted  numbers  being  respectively  50  85,  8*47,  and  52*54, 

The  most  volatile  fraction  was  collected  at  138—^140°  and  weighed 
1 '6  grams;  it  was  much  more  mobile  than  the  rest  of  the  distillate, 
and  evidently  consisted  chiefly  of  tetramethyl  methylglucoside.  When 
hydrolysed  and  treated  in  the  manner  previou^jly  described,  it  yielded, 
in  fact,  the  well-defined  tetramethyl  glucose  melting  at  83°.  The  bulk 
of  the  distillate  was  in  the  less  volatile  fractions  and  consisted  of 
ethers  less  highly  methylated  than  the  trimethyl  glucoside,  Despite 
the  large  quantity  of  alkylating  material  used,  the  methylation  was 
therefore  very  incomplete.  Analysis  of  the  silver  residues  showed, 
nevertheless,  that  the  silver  oxide  and  methyl  iodide  had  almost  com- 
pletely reacted.  By  extracting  these  successively  with  dilute  sulph- 
uric and  nitric  acids  and  by  estimating  the  silver  in  each  extract  and 
weighing  the  residual  iodide,  it  was  found  that  of  the  oxide  used  only 
1  9  per  cent,  was  unaltered  or  converted  into  a  compound  soluble  in 
sulphuric  acid,  1'6  per  cent,  had  become  reduced  to  metallic  silver, 
whilst  96*5  per  cent,  was  converted  into  iodide,  The  loss  of  alkylating 
material  was  due  to  the  production  of  dimethyl  ether;  a  brisk  evolu- 
tion of  the  gas  occurs  in  the  course  of  the  reaction,  this  ether  being 
recognised  by  its  iuflammability  and  absorption  by  concentrated  sul- 
phuric acid,  from  which  solvent  it  was  evolved  on  dilution  with  water. 

The  production  of  dimethyl  ether  appears  to  be  due  not  to  the 
direct  action  of  methyl  iodide  on  silver  oxide  but  to  the  methyUtion 
of  the  solvent  methyl  alcohol  by  these  reagents.  We  find  that  when 
dry  silver  oxide  is  heated  with  an  excess  of  methyl  iodide  there  is  no 
apparent  change,  but  when  anhydrous  methyl  alcohol  is  present  the 
action  starts  immediately  on  warming  and  proceeds  thereafter  continu- 
ously without  further  heating.  After  2  hours'  heating  on  a  water-bath 
under  a  reflux  condenser,  we  found,  by  analysis  of  the  silver  residues, 
that  in  the  former  case  only  35*5  per  cent,  of  the  oxide  used  was  con- 
verted into  iodide,  whilst  in  the  latter  case  88  per  cent,  underwent 
this  change.  It  appears  probable  that,  if  special  precautions  were 
taken  to  exclude  moisture,  methyl  iodide  and  silver  oxide  in  the  absence 
of  alcohol  or  substances  of  an  alcoholic  nature  would  not  react,  and 
that  the  well-known  formation  of  ethers  from  the  interaction  of  this 
oxide  an)  alkyl  iodides  is  due  to  the  catalytic  effect  of  traces  of  water, 
alcohols  being  thus  first  produced  and  afterwards  alkylated.  Erlen- 
meyer  {AnnaleHf  1863,  126,  306)  suggests  this  explanation  of  the 
formation  of  tsopropyl  ether  from  the  interaction  of  moist  silver  oxide 
and  ifopiopyl  iodide. 

The  specific  rotation  of  the  trimethyl  a-methylglucoside  in  an  ap- 
proximately 5  percent,  solution  in  ethyl  alcohol  was  [a]?*  +1487  , 
and  after  redistillation  150*2^,  a  number  much  in  excess  of  the  value 
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1S6*8^»  found  for  the  preparation  dateribed  in  Um  preoeding  paptr. 
'Vh%  a-mothjlgluooAide  employod  in  the  proTioue  experiments  was  pre- 
{tared  bj  onreelFea  bj  Fieeher^s  method ;  the  material  need  in  this 
reeeareh  was  snppHed  bj  Kahlbaum.  This,  however,  could  scarcely 
be  the  cause  of  this  discrepancy,  as  the  melting  points  of  the  two 
speci— as,  165 — 167^  and  164°,  also  the  respeotiye  rotations  in  5  per 
cent,  aqlheoos  solutions,  namely,  [a]S^  -f  159*2°  and  159*8°,  neither 
differed  materially  from  each  other  nor  from  Fischer's  data  {Ber.f 
1893,  20.  2406),  these  being  165—166°  and  [a]**  +157-5°  in  a 
10  per  cent,  solution  for  the  raeltiog  point  and  speciBc  rotation 
respeetiTely. 

In  order  to  ascertain  whether  the  tetrametbyl  a-methylglucoside 
and  the  product  of  its  hydrolysis,  tetramethyl  glucose,  when  prepared 
from  Kablbaum's  material,  would  also  show  a  higher  optical  activity 
iban  the  specimens  of  these  compounds  previously  obtained,  their 
preparation  from  the  a-methylglucoside  in  question  was  carried  out, 
the  methods  and  the  proportion  of  materials  being  the  same  as  those 
given  in  the  preceding  paper.  The  specific  rotation  of  the  tetramethyl 
a-methylglucoside  was  found  to  be  + 152*6°,  the  highest  rotation 
previoosly  observed  being  140*5°.  The  only  explanation  of  the  vary- 
ing activity  of  the  methylated  o-glucasides  which  we  can  offer  at 
present  is  that  already  suggested,  namely,  that  under  the  action  of 
the  methyl  iodide,  intramolecular  rearrangement  occurs,  resulting  in  the 
production  in  varying  amounts  of  the  /S-stereoisomerides.  As  /3-methyl- 
glncoeide  is  lavorotatory,  its  methylated  derivatives  will  be  also  laevo- 
rotatory,  or  at  all  events  much  less  dextrorotatory  than  the  corre- 
spending  a-derivatives,  and  the  presence  of  the  former,  even  in  small 
quantity,  would  greatly  lower  the  rotation. 

The  specific  rotation  of  the  tetramethyl  glucose  procured  from  the 
more  active  tetramethyl  a-methylglucoside  gave,  in  an  approximately 
'^  per  cent,  aqueous  solution,  [a]5^  +87*7°,  the  highest  number  pre- 
iously  found  being  83°;  the  difference  in  activity  is  less  marked  in 
this  case.  This  was  to  be  expected  if  the  above  explanation  is  correct, 
for  sappoeing  the  methylated  glucoee  to  be  capable  of  existing  in  the 
stereoisomeric  a-  and  /3-forms,  mixtures  of  these  in  any  proportion 
would,  when  dissolved,  probably  soon  attain  the  same  condition  of 
equilibrium  and  exhibit  a  constant  rotation. 


This  compound  was  obtained  by  hydrolysing  7  grams  of  trimethyl 
a-methylgluooside  with  dilute  hydrochloric  acid,  the  method  followed 
being  the  same  as  in  the  preparation  of  tetramethyl  glucose  described  in 
the  preceding  paper.     On   evaporating  the  dry  ethereal  solution,  the 
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product  (5  grams)  had  the  appearance  of  a  nearly  colourless,  viscid 
syrup  which  did  not  crystallise,  even  after  a  long  time.  It  distilled, 
however,  without  apparent  decomposition  at  about  194°  under  9  mm. 
pressure,  the  following  analytical  results  being  obtained  from  the 
distillate : 

0  2002  gave  03599  00^  and  01438  Hfi.     C  =  4903;  H  =  7-98. 
CgHigOg  requires  C  =  48-65  ;  H  =  8-ll  per  cent. 

A  determination  of  methoxyl  showed  that  the  glucosidic  alkyl  group 
only  had  been  removed  by  the  hydrolysis : 

01897  gave  0'614  Agl.     CH30  =  42-72. 

CeH903(OCHg)3  requires  CH30  =  41-89  per  cent. 

To  determine  the  specific  rotation,  0*7574  gram  of  the  distilled  sub- 
stance was  dissolved  in  methyl  alcohol  and  the  solution  made  up  to 
20  c.c.  at  20°.  The  observed  rotation  in  a  2  dcm.  tube  was  +6-0^, 
hence  [a]'iT  +79'2°.  The  substance  is  soluble  in  water  and  in  the 
ordinary  organic  solvents,  although  not  so  soluble  in  ether  as  trimethyl 
methylglucoside.  It  reduces  Fehling's  solution  in  the  cold  and  am- 
moniacal  silver  nitrate  when  slightly  warmed  ;  its  aqueous  solution 
becomes  yellow  and  then  brown  on  boiling  with  alkali,  and  with 
a-naphthol  and  concentrated  sulphuric  acid  (Molisch  reagent)  it  gives 
the  colorations  characteristic  of  the  reducing  sugars.  The  behaviour 
of  the  substance  with  phenylhydrazine  was  not  conclusive;  an  emul- 
sion was  produced  when  a  solution  of  the  acetate  of  the  base  was 
added  to  an  aqueous  solution  of  the  sugar  derivative,  but  the  oily 
product  could  not  be  made  to  crystallise. 

To  obtain  more  decisive  evidence  of  the  aldehydic  nature  of  the 
trimethyl  glucose,  it  was  oxidised  with  bromine  water;  6*5  grams 
of  bromine  were  added  gradually  to  3*25  grams  of  the  methylated 
glucose  dissolved  in  16  grams  of  water,  and  after  remaining  overnight 
the  solution  was  freed  from  bromine  by  boiling,  and  from  hydrobromio 
acid  by  shaking  with  silver  oxide,  the  dissolved  silver  being  after- 
wards removed  with  sulphuretted  hydrogen.  The  filtered  liquid,  on 
being  evaporated  to  dryness,  left  a  residue  containing  some  barium 
salt  produced  from  the  barium  carbonate  present  as  an  impurity  in 
the  silver  oxide  used.  On  evaporating  an  ethereal  extract  of  this 
residue,  2*5  grams  of  a  viscid  oil  were  obtained  which  had  only  a 
slightly  acid  reaction.  The  acid  resulting  from  the  oxidation  bad 
apparently  been  transformed  into  lactone ;  this  substance  distilled 
without  apparent  decomposition  at  about  160°  under  11  mm.  pressure 
and  was  analysed,  further  purification  being  impossible.  The  results, 
C- 48*41,  H-7*58,  approximated  to  the  numbers  calculated  for 
trimethylgluconolaotonei  O«i49-09,   H<«7'27   per  cent.     An  estitua* 
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tioD  of  meihoxyl  showed  th«t  these  grotipe  had  not  boon  r  miio.o  I  by 
the  irealmeDt  with  bromine  : 

0*1500  gave  0*4909  Agl.     0H,0  -  43*20. 

O^HyO^OCH,),  requires  43*27  per  cent. 

A  barium  salt  was  preparM  from  the  substance,  but  it  could  not  be 
obtained  sufficiently  pure  for  analysis.  Evidence  of  the  laotooio 
oaUune  of  the  compound,  however,  was  furnished  by  the  gradual 
change  of  optical  activity  shown  by  its  solution  in  aqueous  alcohol, 
and  by  its  behaviour  on  neutralisation  with  barium  hydroxide.  The 
specific  rotation  of  a  freshly  prepared,  approximately  4  per  cent. 
aqaeoua  alcoholic  solution  of  the  undistilled  substance  was  found  to  be 
+  76*5°,  and  after  15  hours  this  diminished  to  +53*2° 

An  alcoholic  solution  containing  0*2251  gram  of  the  substance,  on 
being  neutralised  with  aqueous  barium  hydroxide  solution  (1  c.c.  <« 
0-01052  gram  Ba(0II)2),  behaved  precisely  like  the  tetrametbyl- 
gluoonolactone  described  in  the  preceding  paper.  After  each  addition 
of  the  hydroxide,  the  pink  colour  of  the  phenolphthalein  used  as 
indicator  disappeared  slowly,  and  the  solution  again  became  distinctly 
acid.  The  colour  of  the  indicator  remained  permanent  after  8*15  c.c. 
of  the  barium  hydroxide  solution  had  been  added ;  CgUj^O^,  reckoned 
as  lactone,  requires  8*34  c.c.  We  conclude,  therefore,  that  the  sub- 
stance was  trimethylgluconolactone. 

In  the  methylation  of  a-methylglucoside,  one  of  the  carbinol  groups 
is  acted  on  more  slowly  than  the  others.  Assuming  this  to  be  the 
terminal  primary  carbinol,  the  reactions  described  may  be  represented 
as  follows : 

CH,(OH)-CH(OH)*CH(CH*OH),-CH*OMe         — > 

— >        CH,(OH)-CH(OMe)-ClI(C«*OMe),-CU-OMe         — ^ 

O 
—^        CH2(0H)-CH(0Me)-CH(0H)-(0H-0Me),-CH0        — > 

— >        CIf.(OH)CH(OMe)-CH-(CH-OMeVCO. 

O 
if  the  un methylated  group  of  the  trimethyl  a  metbylgluconide  is  the 
terminal  primary  carbinol,  as  we  suppose,  the  methylated  glucose 
obtained  from  it  should  give  trimethylsaccharic  acid  on  oxidation  with 
dilute  nitric  acid.  We  carried  out  the  oxidation,  but  besides  oxalic 
acid  obtained  only  a  sy#upy  acid  from  which  we  did  not  succeed  in 
obtaining  crystalline  salts. 

Unftbd  Collbob  or  St.  Saltatob  ahd  8t.  Lbohaeo, 
UKivBssmr  or  St.  Ajmaiwa. 
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CII. — The  Composition  of  so-called  ElcBomargaric  Acid. 

By  ToKUHEi  Kametaka. 

The  oil  of  ElcBOcocca  vernicia,  or  Japanese  wood  oil,  was  first  inves- 
tigated by  S.  Cloez  (Compt.  rend.,  1875,  81,  469  ;  1876,  82,  501  ; 
1876,  83,  943),  who,  on  saponifying  the  oil  with  alcoholic  potash, 
obtained  two  acids,  one  of  which  was  solid  and  the  other  liquid  at 
the  ordinary  temperature.  At  first,  he  gave  the  formula  Cj^Hg^Og 
to  the  solid  acid,  which  he  named  margarolic  acid,  but  in  his  third 
paper  he  changed  the  formula  to  Cj^HgoOg,  having  found  that  the 
earlier  formula  was  incorrect  owing  to  some  absorption  of  oxygen 
by  the  acid  having  been  overlooked.  He  also  changed  the  name 
of  the  acid  to  elceomcirgaric  acid.  The  liquid  acid,  which  he  at 
first  named  elcBolic  acid,  was  afterwards  found  to  be  ordinary  oleic 
acid,  the  oil  containing  about  75  per  cent,  of  the  glyceride  of  elieo- 
margaric  acid  and  25  per  cent,  of  olein. 

From  the  analysis  and  the  determination  of  the  neutralisation  number, 
K.  Ishikawa  {Dissertation,  1885,  unpublished)  gave  the  formula 
^17^28^2  ^^  *'^®  Bo\\^  acid,  whilst  De  Negri  and  Sburlati  (L'Orosi, 
1896,  19,  291)  adopted  Cloez's  formula,  Ci^HgoOg. 

In  1899,  K.  Higuchi  (Journ.  Chem.  Ind.,  Tokyo,  2,  1),  by  oxidising 
the  solid  acid  with  potassium  permanganate  in  an  alkaline  solution, 
obtained,  besides  dihydrostearic  acid,  a  product  which  resembled 
sativic  acid  in  many  respects,  but  which  he  did  not  further  examine. 
Quite  recently,  L.  Maquenne  (Coinpt.  rend.,  1902,  136,  696)  has 
published  a  paper  **  On  the  solid  acid  from  the  oil  of  Elceococca  vemicia" 
in  which  he  endeavoured  to  show  that  the  composition  of  the  acid 
is  CigHgoOa  rather  than  Ci^H^qOj,  as  given  by  Cloez,  and  that  the 
acid  must  therefore  be  stereoisomeric  with  linolenic  acid.  He  arrived 
at  this  conclusion  merely  from  the  analysis  of  the  acid,  and  stated 
that  on  account  of  tlie  acid  not  forming  any  definite  derivatives, 
its  composition  cannot  be  established  by  indirect  means,  his  attempt 
to  prepare  the  bromine  additive  product  having  failed. 

The  present  communication  is  a  preliminary  report  of  an  investiga- 
tion, begun  in  1901  and  still  in  progress,  which  has  for  its  object  the 
determination  of  the  composition  of  the  acids  of  the  oil  by  studying 
their  oxidation  and  bromine  additive  products. 

Although  the  work  is  still  incomplete,  it  is  desirable,  in  view  of 
the  appearance  of  Maquenne's  paper,  that  the  results  should  at 
once  be  published.  A  bromine  additive  product  having  the  formula 
OidHj^O^Br^  was  prepared  without  any  difficulty  from  the  mixture  of 
adds  produced  by  saponifying  the  oil,  and  from  the  recrystallised  solid 
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aeid  wm  itoUted  oxidatioD  prodaoU  haring  the  formol«  0,|H||(OH)|0| 
and  0„H^(OU),0,,  but  no  derivAtiYes  of  either  of  the  aoidi  0,7H,oO, 
or  C^HiqO,  oould  lie  obtained.*  If  the  acid  CigH^O,  bad  been 
preaent  in  the  mixture,  ai  is  aaeerted  by  Maquenoe.  the  ozldaUen, 
product,  C|,H,o(OH)|iO|,  might  have  beoo  expected,  and  KhouM  have 
been  obtained  in  the  oonrte  of  a  systematic  separation  of  the  products 
of  oxillaiion  (see  experimental  part).  The  principal  acids  of  the  oil 
appear,  therefore,  to  be  oleic  acid  and  a  solid  acid  having  the  formula 
C.,H,,Oy  stereoisomerio  with  linolic  acid,  whilst  the  presence  in 
any  considerable  quantity  of  the  acid  C^gHj^O,  is  excluded.  The 
determination  of  the  neutralisation  number  of  the  solid  acid  by  means 
of  carefully  standardised  alkali  shows,  moreover,  that  this  corresponds 
with  the  formuU  C|,H„0|  rather  than  with  Cj^Hi^O,. 

No  attempt  was  made  to  repeat  the  analyses  of  tho  solid  acid,  since 
no  definite  information  was  to  be  expected  from  the  result  on  account 
of  the  small  difference  in  the  percentage  amounts  of  carbon  and 
hydrogen  required  by  the  formulae  CjgHj^O,,  CjgUjoO,,  and  Ci^Hg^^O,. 
The  silver  and  lead  salts  of  the  solid  acid  were  prepared,  but  they  are 
both  amorphous  and  very  readily  oxidisable  in  the  air,  even  more  so 
than  the  acid  itself,  so  that,  although  silver  estimations  were  made, 
no  oooeordant  results  could  be  obtained.  The  reduction  of  the  solid 
unsaturated  acid  by  heating  in  a  sealed  tube  with  fuming  hydriodic 
acid  and  red  phosphorus  has  been  tried,  but  the  experiments  in  this 
direction  have  not  yet  been  brought  to  a  successful  issue. 


EXPEBIMBNTA  L. 

St^tamifieaiUM  of  the  Oil. 

To  30  grams  of  the  cold-drawn  oil  contained  in  a  flask  were  added 
100  C.C.  of  alcohol  and  15  grams  of  caustic  potash,  dissolved  in  60  c.c. 
of  water.  The  flask  was  connected  with  an  inverted  condenser  and 
the  contents  gently  boiled  on  the  water-bath  for  about  two  hours. 
Hydrochloric  acid  was  then  added,  in  slight  excess,  to  the  clear 
alcoholic  solution,  when  a  brown  oil  separated,  changing  into  a  crys- 
talline mass  on  cooling.  By  recrystallisation  from  alcohol,  the  solid 
acid  was  obtained  in  the  form  of  white,  lustrous  laminjs  melting  at 
43_44o  (does  gives  the  melting  point  of  the  solid  acid  as  48^,  whilst 
De  Negri  and  Sburlati  give  it  as  43'8<^. 

Bromime  AddiUm  PraSkd.—Fiftj  grams  of  the  crude  acid  were,  ac- 
cording to  Hasura's  method  {MomaUL,  1887,  8,  148),  dissolved  in 
150  c.c.  of  glacial  aoeiac  add,  and  to  the  eolution,  cooled  by  means  of 


*  In  confirmation  of  the  fltetement  that  no  hazabromldtf  can  be  obtained,  see 
Walker  and  Warbnrton  in  the  Analyst,  1902,  27,  238. 
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ice,  21  c.c.  of  bromine  were  gradually  added  with  constant  shaking ; 
on  thoroughly  cooling  the  mixture,  a  crystalline  precipitate  separated 
out,  together  with  some  oily  matter.  After  the  precipitate  had  been 
repeatedly  crystallised  from  glacial  acetic  acid  and  alcohol,  its  melting 
point  was  found  to  be  11  i'^,  which  agrees  with  that  of  the  bromine 
additive  product  of  linolic  acid,  CjgHgoO.^.  The  bromine  was  estimated 
by  Carius'  method,  with  the  following  results : 

r.  01 830  gave  0*2279  AgBr.     Br  =  53-01. 
II.  0-2702     „     0-3381  AgBr.     Br  =  53-25. 
^i8^^^32^jl^»'4  requires  5333;  and  Ci^Hg^O.^Br^,  54-61  per  cent. 

On  bromination,  the  pure  recrystallised  acid  also  gave  a  product 
melting  at  114"^,  but  its  quantity  was  too  small  for  a  bromine 
estimation. 

Oxidation  Prodticta. — From  75  grams  of  the  crude  acid,  oxidised  ac- 
cording to  Hazura's  method  {Afonatsh.,  1888,  9, 198),  there  were  obtained 
two  acids  : 

(1)  A  crude  acid  (4  grams),  which,  after  purification  by  crystallisa- 
tion, melted  at  171 — 172°;  determination  of  its  neutralisation  number 
led  to  the  molecular  weight  350-4  (sativic  acid,  Ci8H32(OH)^02,  =348, 
melting  point  173°).     The  results  of  its  combustion  were  as  follows : 

01329  gave  03015  00^  and  01214  Hfi.     0  =  6187  ;  H  =  10-16. 
^^18^32(^^)4^2  requires  0  =  62*07  ;  H  =  10-34  per  cent. 

(2)  Another  crude  acid  (1  gram)  which,  after  recrystallisation  from 
alcohol,  melted  at  126°,  and  had  the  molecular  weight  317-3  (dihydroxy- 
btearic  acid,  Oi8H.^^(OH).A„  =316,  melting  point,  136°).  Probably, 
therefore,  this  substance  is  impure  dihydroxystearic  acid. 

No  characteristic  crystals  of  either  linusio  or  t«olinusic  acid, 
OjgH3Q(OH)^0.^,  could  be  observed.  The  pure  recrystallised  solid  acid 
(m,  p.  43 — 44°)  from  the  oil  was  dried  over  sulphuric  acid  in  an 
atmosphere  of  carbon  dioxide  ;  a  weighed  quantity  was  dissolved  in 
neutralised  alcohol  and  titrated  with  00568-normal  sodium  hydroxide 
solution,  using  phenolphthaloin  as  indicator.  The  molecular  weights 
found  were  2806,  2771,  and  2809.  Titrations  with  standard  barium 
hydroxide  solution  gave  the  numbers  283*1  and  280*7,  the  mean  of  all 
the  determinations  being  280'5,  whilst  0jgHg.j02  — 280. 


Summary  of   <A«   Results, 

1.  The  principal  organic  aoidsof  the  oil  of  Elmocoooa  vtrnicia  are  a 
solid  acid,  m.  p.  43 — 44%  and  ordinary  oleio  acid,  the  former  pre- 
dominating. 
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2.  Th«  Molid  add,  which  Cloi^i  naiii«d  tlmemmffmie  aeid,  nod  for 
whieb  Kaquenoe  receotly  proposed  the  name  aretmotUaric  acid,  hM 
Um  compoBitioo  C,,U,,0^  and  not  Cj^HgoOy  at  calealatod  by  Ctotfx,  or 
0|gH,iO|,  as  giTeo  by  Maquenne. 

S.  The  solid  aq^d  in,  undoubtedly,  a  stereoisomeride  of  linoiic  t  i  i. 
the  bromine  additive  product,  CjgHjjOjBr^,  as  well  as  the  oxidati  >m 
product,  C,gH„(0 11)^0,,  obtained  from  the  former,  agreeing  in  every 
rectpect  with  those  obtained  from  the  latter. 

ITiimrR   Voirwii.  S«mi«><>t., 


CI  1 1. — Phosphoric  A  midincs. 

By  HoBERT  Martin  Cavek. 

Is  the  preparation  of  anilino-;>-toluidinophosphoryI  chloride  (Tran?., 
1002,  81,  1369)  by  the  interaction  of  anilinophoephoryl  chloride  and 
;>-toluidine  in  bensene  or  ethereal  solution,  it  was  observed  that  the 
yield  of  the  desired  derivative  was  comparatively  small  and  that  a 
gummy  mass  separated  from  solution  after  crystal  Using  the  disubstituted 
compound.  This  mass  was  washed  with  alkali  and  then  with  dilute 
acid  and  subsequently  crystallised  from  solution  in  dilute  alcohol* 
The  product  thus  obtained,  after  successive  recrystallisations  from 
alcohol  containing  a  liltle  water,  yielded  colourless  needles  which 
melted  at  IQS°: 

0-4156  gave  01871  Mg,P,( )-      V     1  J  • 

0*2800     „     28-2  c.c.  moist  nitrogen  at  16  and  759  mra.      N  =  1 1  74. 
C,jH,30N,P  requires  P  =  1 270  ;  N  =  1 1  48  per  cent. 

This  substance  therefore  appears  to  be  phenyI-;>-tolylphoftphoric 
amidine,  CeHj-NHPOrN-C^jH^CH,. 

A  similar  compound  to  the  above  was  obtained  as  a  bye-product  in 
thepreparationof  anilino'/^toluidinoi-hosphorylchloridefrom/^toluidino- 
phosphoryl  chloride  and  aniline,  this  substance  being  suocesfcively 
recrystallised  until  its  melting  point  became  constant  at  187 — 188^ 
and  did  not  depress  that  of  the  preceding  preparation  : 

0-2490  gave  23*5  c.c.  iloist  nitrogen  at  1 P  and  769  mm.     N  -  1 1*40. 
C,,H„ON,P  requires  N«-  11*48  per  cent. 

Thus,  the  two  amidines,  which,  according  to  their  mode  of  formation 
might  be  supposed  to  be 
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respectively,  are  indietinguisbable. 

This  fact  might  be  due  to  the  lability  of  the  aminic  hydrogen  atom, 
in  which  case  it  would  constitute  an  example  of  "  virtual  tautomerism  " 
(von  Pechmann,  Ber.,  1895,  28,  869,  and  2362).  Thus  a  condition  of 
equilibrium  might  be  attained  in  which  the  two  isomerides  would  al- 
ways be  present  in  fixed  proportion,  whichever  existed  originally. 

The  identity  may,  however,  be  due  to  another  cause,  likewise  sug- 
gested by  von  Pechmann  (loc.  cit.).     An  amidine  such  as  the  above 

may  result  from  the  disubstituted  chloride,  0P\-C1  ,  by  the 

loss  of  hydrogen  chloride,  and  since  there  is  only  one  compound 
possessing  this  composition,  the  resulting  product  is  likely  to  be  the 
same  whether  it  is  a  single  substance  or  a  mixture.  In  this  case, 
since  the  two  basic  groups  are  very  similar,  it  is  probable  that 
hydrogen  would  be  removed  with  equal  facility  from  either  of  them, 
and  that  a  mixture  of  the  two  isomerides  in  more  or  less  equal  pro- 
portion would  result. 

The  problem  presented  by  the  above  amidines  is  analogous  to  that 
^studied  by  von  Pechmann,  except  for  the  non-basic  character  of  the 
phosphoric  amidines. 

Moreover,  since  a  disubstituted  chloride  similar  to  that  assumed 
to  exist  as  an  intermediate  product  by  the  theory  of  von  Pechmann 
is  known  to  be  formed  in  the  above  reaction,  this  theory  seems  all  the 
more  probable  in  the  present  case.  It  becomes  important,  therefore, 
to  ascertain,  if  possible,  the  conditions  of  formation  of  the  amidine 
and  more  especially  to  determine  whether  the  disubstituted  chloride 
can  pass  into  the  amidine  by  removal  of  hydrogen  chloride. 

In  order  to  discover  whether  the  heat  necessary  to  distil  off  the 
solvent  was  the  cause  of  such  transformation,  anilino-/>-toluidino- 
phosphoryl  chloride  was  dissolved  in  benzene  and  the  solution  heated 
for  some  time  on  the  water-bath  under  an  inverted  condenser.  The 
benzene  was  then  distilled  off  and  found  to  be  quite  free  from 
hydrogen  chloride,  whilst  the  residue  was  completely  soluble  in  dilute 
alkali.  On  the  other  hand,  some  amidine  was  formed  when  the 
disubstituted  chloride  was  prepared,  and  the  solvent  removed  in  such 
a  way  that  the  temperature  never  rose  above  45^  It  appeared,  there- 
fore, that  the  amidine  was  not  formed  from  the  chloride  by  the  opera- 
tions involved  in  the  removal  of  the  solvent  and  subsequent  treatment 
With  alkali. 

Thit  conclusion   would  seem  to  warrant  the  suggestion  that  the 
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amidiDe  is  formed  bj  tho  aimultaneoua  replacement  of  the  two  chlorine 
atoms  of  the  monoeubetituted  chlorido  aooording  to  the  reaction 

0P<^^'  +  3NH^„  -  0P<^^^'  +  2NH,R,„H01. 

This  condensation  would  be  analogous  with  that  obtaining  in  the 
case  of.thionyl  chloride,  which  reacts  with  ethylamino  to  produce 
thionylethylamine,  SOIN'C^U^,  but  it  is  doubtful  whether  either  of 
these  reactions  is  a  simple  one;  it  is  still  possible  that  the  di- 
substituted  photphoryl  chloride  loses  hydrogen  chloride  at  the  moment 
of  its  formation  with  the  production  of  the  amidine,  although  the 
reaction  cannot  be  reproduced  in  the  case  of  the  crystallised  com^ 
pound. 

In  some  of  the  later  experiments,  it  was  observed  on  adding  the 
second  amine  to  the  benzene  solution  of  the  monosubstituted  phos' 
phoryl  chloride  that  the  separation  of  the  hydrochloride  formed  as  a 
b>e- product  was  slow  and  partial,  and  at  a  certain  point  the  solu' 
tion  became  practically  clear  again.  On  allowing  the  liquid  to 
remain  for  some  hours,  a  sticky  mass  separated  which  contained  most 
of  the  amidine,  whilst  the  filtered  benxene  solution  contained  the  di- 
subetituted  chloride.  A  consideration  of  these  facts  led  to  the 
hypothesis  that  the  amidine  is  formed  from  the  disubstituted  chloride 
by  the  action  of  the  added  base,  which  first  displaces  a  chlorine 
atom  and  then  removes  hydrogen  chloride  from  the  product,  thus : 

yNHR,  yNHR,    (NH,R„)  ^NHR 

OP^l         ->    OP^HR„    -4     0P<^^^^»   +    NHjRn-HCl. 

Michaelis  and  Silberstein  {Ber.,  1896, 29, 716)  have  shown  that  disub- 
stituted phosphoryl  chlorides,  (RNU)2P0C1,  when  heated  for  some 
hours  with  boiling  xylene,  and  then  subsequently  for  an  equal  time  at 
a  somewhat  higher  temperature  without  a  solvent,  lose  hydrogen 
chloride  and  yield  products  which  are  characterised  by  having  high 
melting  points  and  being  insoluble  in  all  solvents.  These  products 
are  probably  not  simple  amidines  but  polymeric  substances  containing  a 
four-  or  six-membered  ring  of  alternate  phosphorus  and  nitrogen  atoms. 

In  order  to  compare  the  properties  of  the  simple  amidines  with  tho 
compounds  obtained  by  Michaelis  and  Silberstein,  the  former  were 
prepared  in  the  same  manner  as  the  foregoing  mixed  amidine. 
Diphenyl-  and  dip-toly  I -phosphoric  amidines  were  obtained,  but  the 
yields  were  very  poor,  the  products  consisting  almost  entirely  of  the 
disubstituted  derivatives. 

The  yield  of  amidine  was,  however,  much  increased  by  employing 
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metallic  oxides  in  removing  hydrogen  chloride  from  the  disubstituted 
chlorides.  Four  equivalents  of  aniline  were  added  to  one  of 
phosphoryl  chloride  in  benzene  solution,  and  after  removing  the 
precipitated  aniline  hydrochloride  the  resulting  solution  of  dianilino- 
phosphoryl  chloride  was  heated  on  the  water-bath  for  some  time  with 
rather  more  than  an  ^equivalent  of  dry  silver  oxide.  A  vigorous 
reaction  took  place  and  most  of  the  chlorine  was  removed  as  silver 
chloride.  Mercuric  or  magnesium  oxide  may  be  employed,  but  these 
reagents  are  less  efficacious.  This  reaction,  besides  furnishing  a  con- 
venient method  of  preparing  phosphoric  amidines,  supports  the  foregoing 
theory  that  the  removal  of  hydrogen  chloride  in  the  former  experiments 
is  due  to  the  action  of  the  substituting  base  itself. 

Diphenylphosphoricamidine,  CgHg'NH'POIN'CgHg,  crystallises  from 
alcohol  or  glacial  acetic  acid  in  needles  melting  at  225 — 226° : 

0-2532  gave  0-1198  MggPA-     P=  13-19. 

01158     „  1205  c.c.  moist  nitrogen  at  17°  and  759  mm.     N  =  1208. 
OigHjjONgP  requires  P=  13-48  ;  N  =  1217  per  cent. 

The  polymeride  (CgHs'NH-POrNCeHs)^  of  Michaelis  and  Silberstein 
melted  at  357°. 

Di-;)-tolylphosphoric  amidine,  CHg-CgH^-NH-POIN-CgH^-CHg,  crys- 
tallises in  needles  melting  at  226 — 228°  : 

0-2026  gave  17*7  c.c.  moist  nitrogen  at  10°  and  776  mm.     N=  1070. 
Cj^HjgONgP  requires  N=  1085  per  cent. 

The  polymeride  (CH3-CoH/NH-PO:N-CeH,-CIf3)„  was  found  by 
Michaelis  and  Silberstein  to  melt  at  328°. 

Numerous  attempts  were  made  to  determine  the  molecular  weight 
of  diphenylphoaphoric  amidine  in  solution,  but  without  success.  There 
can  be  little  doubt,  however,  that  these  compounds  are  correctly  repre- 
sented by  the  simple  molecular  formula.  They  are  thus  related  to  the 
polymerides  of  Michaelis  and  Silberstein  as  ordinary  metaphosphoric 
acid  is  related  to  di-  or  tri-metaphosphoric  acid. 

Part  of  the  expense  of  this  work  has  been  borne  by  a  grant  from 
the  Research  Fund  of  the  Chemical  Society,  for  which  the  author 
tenders  his  thanks. 

Univrrhitt  Collkob, 
Nottingham. 
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i  1  \ .     Orystalluod  Ammonium  Sulphate  and  tlie  Position 
of  Ammonium  in  the  Alkali  Series. 

Bj  Alteid  Edwin  Howard  Tuttoh,  D.Sc.,  F.R.8. 

Iff  a  previous  oommunication  (Trans.,  1894,  60,  628),  the  author  haa 
il«Mribed  the  morphological  and  physical  properties  of  the  orystaUised 
normal  tolphates  of  potassiam,  rubidium,  and  cicsium  ;  subseqaently 
{he  dL,  1897,  71,  846),  the  results  of  a  similar  iuvestigation  of  the 
correepondiDg  seleoates  were  described.  A  further  memoir,  presented 
to  the  Boyal  Society  {Phil  Tratu,,  A,  1899,  192,  455),  treated  of  the 
thermal  deformation  of  the  three  sulphates.  The  general  result  of 
theee  inTeetigations,  as  also  of  the  study  of  a  large  number  of  double 
sulphalae  and  selenates  containing  the  same  three  alkali  metals 
(Trans.,  1893, 63,  337,  and  1896, 60, 344 ;  Proc,  Roy.  Soe.,  1900, 60,  248, 
and  1900, 67, 58;  PhU.  Tram.,  A,  1901, 197,  255),  has  been  to  show  that 
the  entire  morphological  and  physical  properties  of  the  crystals  follow  the 
order  of  progreesion  of  the  atomic  weights  of  the  three  alkali  metals. 
The  present  communication  deals  with  the  normal  ammonium 
sulphate.  The  interest  attaching  to  the  determination  of  the  effect 
of  replacing  an  alkali  metal  by  the  radicle  ammonium  is  obvious.  It 
might  have  been  thought  that  so  common  a  substance  as  ammonium 
i-ulphate  had  long  ago  been  exhaustively  studied.  This,  however,  is 
far  from  being  the  case,  and  the  existing  data  are  frequently  con- 
tradictory and  not  infrequently  quite  inaccurate.  Ammonium  sulphate 
is  not  included  among  the  large  number  of  salts  investigated  by 
Topsoe  and  Christiansen. 

Depoiilian,  Character,  and  Analysis  qf  the  Crystals. 

rystals  of  ammonium  sulphate  employed  in  this  work  wars 
i  in  cold,  dry  weather,  under  the  ordinary  atmoepherie  pres* 
sore,  by  very  slow  crystallisation  of  saturated,  but  not  supersaturated, 
solutions ;  they  were  not  prepared  by  forced  evaporation  in  vacuo.  Am- 
monium sulphate  is  distinctly  hygroscopic  in  moist  air,  and  on  a  damp 
day  the  faces  of  a  crystal  on  the  goniometer  somewhat  quickly  show 
signs  of  being  moist,  the  signal-images  becoming  rapidly  blurred  ;  in 
dry  weather,  however,  the  crystals  used  in  this  work  have  been  found, 
on  the  conclusion  of  the  jneasurements,  which  have  usually  occupied 
three  or  four  days,  to  be  almost  unimpaired.  The  powdered  salt,  when 
exposed  in  thin  films  to  the  atmosphere  in  damp  weather,  soon 
becomes  replaced  by  minute  drops  of  saturated  solution.  It  is, 
moreover,  impossible  to  obtain  crystals  within  a  reasonable  time  from 
YOL.    LXXXIII.  4  A 
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a  saturated  solution  by  evaporation  in  moist  air,  but  a  change  to  dry 
weather,  although  unaccompanied  by  any  appreciable  lowering  of  the 
average  temperature,  induces  a  slow  deposition  of  crystals,  and  those 
employed  in  the  goniometry  and  the  optical  work  were  thus  obtained. 

Another  curious  property  of  the  saturated  solution  of  ammonium 
sulphate  is  that  in  small  quantities  it  does  not  wet  metallic  or  other 
hard  surfaces,  but  rolls  about  over  them  in  spherical  drops  resembling 
globules  of  mercury. 

An  estimation  of  the  sulphuric  anhydride  present  in  a  sample  of  the 
crystals  was  made  as  a  guarantee  of  purity ;  1*8295  grams  of  the  crystals 
employed  in  the  goniometrical  and  optical  work  yielded  3*2382  grams 
of  barium  sulphate,  corresponding  with  60*77  per  cent,  of  sulphuric 
anhydride  ;  the  calculated  percentage  is  60'61. 

The  original  stock,  from  which  the  solutions  for  crystallisation  were 
prepared,  had  previously  been  purified  by  repeated  recrystallisation 
from  hot  solution. 

Solubility. 

The  solubility  of  ammonium  sulphate  in  water  has  been  deter- 
mined by  Alluard  {Compt,  rend.,  1864,  60,  500),  who  found  that  the 
amount  of  salt  dissolved  by  100  grams  of  water  at  0°  is  71*0  grams; 
at  10°,  7365;  at  20°,  76*30;  and  so  on,  the  solubility  increasing 
regularly  up  to  100°  by  2*65  grams  for  every  10°,  the  solubility  at 
100°  being  97*50  grams.  Alluard  further  noticed  that  a  saturated 
solution  boils  at  107*5°. 

In  order  that  the  author's  work  on  this  salt  might  be  exactly 
comparable  with  that  on  the  other  salts  of  the  series,  a  determination 
of  solubility  was  made  under  precisely  similar  conditions.  A  saturated 
solution  was  employed  which  had  remained  in  contact  with  deposited 
crystals  for  several  days,  in  a  crystallising  dish  placed  under  a  bell- jar 
under  the  ordinary  pressure,  in  order  to  minimise  evaporation  and  to 
allow  of  the  attainment  of  equilibrium  between  crystal  and  solution. 
The  temperature  being  8*2°,  about  30  c.c.  of  this  solution  were  decanted 
into  a  platinum  basin  and  evaporated  to  dryness  on  a  water^bath ; 
the  residual  salt  was  further  dried  for  six  days  in  succession,  on  the  first 
day  at  80°,  on  the  second  at  100°  and  the  remainder  of  the  time  at  120** 
in  an  air  oven,  until  it  no  longer  lost  weight.  As  ammonium  sulphate 
melts  at  140°,  a  higher  temperature  was  not  advisable.  55*8291 
grams  of  this  solution  yielded  23*7068  grams  of  the  anhydrous  salt, 
hence  100  grams  of  water  at  8*2°  dissolve  73*8  grams  of  ammonium 
sulphate.  This  result  corresponds  fairly  closely  with  that  obtained  by 
Alluard  ;  his  value  for  8*2°  would  bo  731 7. 
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SpmJU  Ortmip  ^  Aqu»au$  Solution*  of  Ammamum  SmlphaU, 

The  tpoeifio  gravitios  of  three  Rolutioim  of  aocurately  known 
streofih  were  obtained  in  connection  with  the  determinations  to  be 
■obeequeotly  deecribed  of  the  refraction  conRtante  of  ammonium 
•iilphate  in  the  state  of  Kolution  in  water.     They  are  appended  below  : 


Sftecifie  Gramues  at  20^  qf  Solutions  of  Amnwninm  Sulphate  %n   Wattr 
eompartd  with  Water  at  i\ 


I^MMatnge  of  salt  present 

8p.  gr. 

40*64 

1-2331) 

40-36 

1-2334 

35-00 

1-2030 

Schiff  (ilim.  Ckem,  Pkarm.,  1859, 110,74)  gives  the  valae  1-2284  fora 
40  per  oent.  solution,  and  1-2004  for  a  35  per  cent,  solution.  These 
values  are  much  lower  than  the  author's  as  is  also  SchiCf's  value  for 
the  anhydrous  salt. 

Goniomeiry. 

Fourteen  excellent  crystals  were  selected  for  the  goniometrical 
measurements,  from  six  different  crope.  Several  of  these  crystals 
were  of  exceptional  perfection,  practically  the  whole  of  the  very 
numerous  faces  affording  perfect  imagoA  of  the  signal-slit. 

The  accompanying  table  (p.  1052)  exhibits  the  results  of  tlic  mo.isnro- 
mente  and  calculations. 

The  habit  of  the  salt  is  more  or  less  tabular,  parallel  to  the  brachy- 
pinacoid  6(010}. 

The  ratio  of  tlte  morphological  aiea  is 

a:b:c  0-5635:1  :  0-7310. 

The  oUerved /vrm§  were  the  following : 

a-{100}ao  too;  6-{010|qo  Poo  ;  c-{00l}oP;  ;»-{110)aoP; 
p'«  {130)00  f>3;  9  =  {011|fQo;  9'-{021}2i»oo  ;  ^'"-{012(JPflo  ; 
o-{llllP;  o'-{112|JP. 

H  Mitecherlich  {Ann,  Phy,  Chem,  Pogg.,  1830,  la  168)  gires  the 
^BmeasaremenU  of  two  angles,  namely,  67' -34*^2'  and  op -29^6'; 
^nlieeeaie  almost  identical  with  the  author's  values,  S4<»20' and  W*%i\ 
fU.  table  of  the  other  angtas  of  potaMiam  ralphate  is  given,  but 
only  the  two  quoted  angles  for  ammonium  sulphate,  with  the  state- 
ment that  the  rest  are  very  similar  to  those  of  the  potassium  salt. 

4  A   -J 
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MorpJiological  Angles  of  Ammonium  Sulphate. 

Angle. 

Number 
of  measure- 
ments. 

Limits. 

Mean 
observed. 

Calculated. 

Differ- 
ence. 

(ap   =(100):  (110) 
pj/  =(110):  (130) 

■p'b  =(130):  (010) 
pb    =(110):(010) 

\pp  =(110):  (110) 

4 
35 
37 
36 
22 

29°20'—  29''27' 

29  50—30    4 

30  29  —  30  42 
60  19—  60  46 
58  43  —  58  67 

29'23' 

29  69 

30  38 
60  35 
58  49 

29°24' 
30    0 
30  36 
60  36 
58  48 

-r 

-1 
0 

-1 
+  1 

/oV"  =(001):  (012) 
O=(012):(011) 
cq    =(001):  (Oil) 
qq'   =(011):(021) 
q'b  =(021):  (010) 

\qb    =(011):  (010) 

4 
3 
37 
30 
34 
41 

20    1—20  20 
15  61—  16  12 
36    7—36  20 
19  21—  19  35 
34  10—  34  26 
63  40  —  53  56 

20    9 
16    3 
36  12 
19  27 
34  20 
53  48 

20    6 
16    6 
36  12 
19  2S 
84  20 
53  48 

+  3 

-3 

0 

-1 

0 

0 

[ao    =(100):(111) 
\oq    =(111):  (Oil) 
{oo    =(111):(111) 

6 
68 
28 

43  36—  43  41 
46  16—  46  27 
87  14  —  87  23 

43  39 
46  21 

87  18 

43  39 

« 

87  18 

0 
0 

ao'  =(100):  (112) 

— 

— 

— 

58  37 

— 

(bo    =(010):(111) 
\oo    =(111):  (111) 

70 
28 

65  60—66    3 
48    0—  48  16 

65  56 
48    7 

65  56 
48    8 

0 

-1 

(bo'  =(010):  (112) 
\oV=(112):(112) 

— 

— 

— 

72  66 
34    8 

— 

tea'    =(001):  (112) 
o'o  =(112):  (111) 
CO    =(001):(111) 

op  =oii):(no) 

o'p  =(112):  (110) 

3 
3 

76 

82 

3 

36  35  —  36  42 
19  21—  19  35 
56    3—56  14 
33  42  —  33  69 
53  16  —  53  25 

36  39 
19  28 
66    9 
33  61 
53  22 

36  42 
19  27 

56    9 

• 

63  18 

-8 

+  1 
0 

__ 

-»-4 

(po    =(110):(lTl) 
0^  =(lll):(021) 
,gV=(05l):(lIO) 

62 
5/ 

64  22  —  64  38 
49  18—  49  33 
66    0—  66  12 

64  30 
49  24 
66    6 

64  81 
49  24 
66    6 

-1 

0 

+  1 

(po'  =(110):  (112) 
o'q   =(112):(0Tl) 
pq    =(110):  (Oil) 
qp   =(011):(nO) 

65 

68 

106  47  —106  59 
73    :  —  73  14 

106  62 

73    8 

71  68 
34  r.3 

106  51 
73    9 

+  1 
-1 

r/o  =(130):(111) 

oo'    s:^\\\):(\l'l) 
'  oY=nI'^):(021) 

oo?   =(111):  (021) 
WV=(021):(I80) 

66 

r.6 

58 

43  68-44    7 

91    4—91  28 

44  32  —  44  52 

44    1 

91  17 
44  43 

44    0 

46  16 
46    1 
91  17 
44  43 

0 

0 

Cp'o'=(130):(112) 

o'q  =(112):  (Oil) 

■  p'q  r=(130):(0li) 

\qp'  =(0ll):(iS0) 

52 
63 

120  26-120  43 
59  19  —  69  87 

120  83 
69  27 

68  60 
6148 

120  38 

69  27 

0 
0 

ToUl     nnmber    of 
meMuremenU... 
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llilnlMrHeh  giwm  rtAvm  for  the  ratio  of  Ui 
rwilniliftil  aooording  to  the  modern  praottoe  with  6  m  unity,  oorre- 
tpcHid  with  «: 6:0-0*6643 : 1  :0-7S10. 

The  ipherical  projeoUon  oommon  to  the  whole  leriee  of  ralphatee 
of  the  alkali  motals,  and  which  it  also  applioahU  to 
tolphate,  will  be  found  on  p.  852  of  the  lelenate  mamoir 
(Trana^  1897,  71). 

Orystala  of  ammoninm  salphate  which  are  grown  rapidly  in  a  single 
night  by  the  oooling  and  slight  evaporation  of  hot  Bolution^,  contain- 
ing rather  more  than  the  amount  of  Rait  required  for  cold  saturation, 
are  mnally  of  the  form  represented  in  Fig.  1. 


Fio.  1. 


Fio.  2. 


This  oommon  type  is  not  rich  in  faces,  and  is  very  markedly  tabular 
parallel  to  the  brachypinacoid  6{010}. 

Fig.  2  repreeente  the  more  highly  developed  kind  of  crystal  deposited 
slowly  from  odd  saturated  solutions  under  the  conditions  already 
specified. 

The  fourteen  crystals  measured  were  of  this  type.  The  brachy- 
pinacoid 6(010}  was  invariably  present  and  of  some  size,  although  not 
always  large  enough  to  give  a  tabular  appearance  to  the  crystal. 
Indeed,  these  more  perfect,  selected  crystals  were  fairly  equally 
developed  as  regards  the  6  faces,  thooe  of  the  primary  prism  p{  110} 
and  of  the  two  brachydomes  ^{011}  and  9  {021}.  The  faces  of  tha 
second  prism  p{\ZO\,  the  primary  pyramid  o{lll},  and  the  basal  plane 
e|001}  were  usually  smaller  than  those  of  the  four  forms  just  men- 
tioned. The  basal  plane  faces  were  not  always  both  present,  and  one 
of  the  crystals  measured  showed  only  faint  traces  of  either,  but 
usually  at  least  one  e  face  was  well  developed  and  invariably  yialded 
a  perfect  reflection.  The  orthopinacoid  ajlOO}  was  the  least  developed 
of  all  the  primary  forms.  On  two  of  the  crystals  only  were  faces 
obaerved  of  suilieient  sts%to  afford  good  reflections.  Generally  mere 
linear  traMs  wme  pweent.  The  faces  of  the  pyramid  o'{113}  w«re 
only  present  on  one  of  the  selected  crystals,  and  were  exceedingly 
•mall,  but  afforded  trustworthy  reflections.  Biinute  faces  of  the 
hrachydome  ?"{012}  also  appeared  on  tha  same  crystal. 
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AmmoDium  sulphate  is,  in  general,  less  rich  in  faces  than  the  sul- 
phates and  selonates  of  potassium,  rubidium,  and  caesium.  No  trace 
was  observed  of  the  forms  o"{332},  q"{03l},  m{102},  or  «{132},  which 
have  been  found  on  the  crystals  of  those  metallic  salts. 

In  general  habit,  ammonium  sulphate  more  closely  resembles  potass- 
ium sulphate  than  any  other  member  of  the  series. 

Triple  twinning  is  frequent  in  the  case  of  ammonium  sulphate,  as 
in  the  cases  of  the  sulphate  and  selenate  of  potassium.  Several  such 
triplets  were  investigated,  and  found  to  be  precisely  similar  in  charac- 
ter to  the  well-known  ones  of  potassium  sulphate  and  those  of 
potassium  selenate  (loc.  cit.,  p.  855). 

Cleavage. 

There  is  one  excellent  cleavage  developed  in  the  crystals  of  ammon- 
ium sulphate,  namely,  parallel  to  the  basal  plane  c{001}.  This  direc- 
tion is  also  a  plane  of  cleavage  in  the  crystals  of  the  sulphates  and 
selenates  of  potassium,  rubidium,  and  ca3sium.  These  metallic  salts, 
however,  exhibit  a  second  cleavage  direction,  parallel  to  the  brachy- 
pinacoid  6{010},  and  the  cleavage  along  this  plane  is  the  more  perfect 
one.  No  traces  of  such  a  cleavage  could  be  discovered  in  the  crystals 
of  ammonium  sulphate. 

Groth  {PhyaikaliscJie  Krt/atallographie,  3rd  Ed.,  p.  396)  gives  the 
cleavage  direction  of  ammonium  sulphate  as  parallel  to  a{100}.  As 
the  order  of  the  axes  used  by  the  author  is  the  same  as  that  employed 
by  Groth,  this  is  an  error  which  has  doubtless  crept  in  owing  to  the 
confusion  caused  by  the  inversion  of  the  order  of  Mitscherlich's  axes 
(which  is  retained  by  Groth  and  the  author)  by  Grailich  and  von  Lang, 
who  appear  to  have  first  observed  the  cleavage  (Sitzungsber.  K.  Akad, 
Wise.  Berlin,  1858,  32,  53,  and  33,  435  and  440). 

Grailich  and  von  Lang  do  not  appear  to  have  observed  the  other 
and  more  perfect  cleavage  exhibited  by  potassium  sulphate  parallel  to 
the  brachypinacoid  6(010} .  The  fact  that  this  latter  cleavage  is  not 
developed  in  ammonium  sulphate  differentiates  it  from  the  sulphates 
and  selenates  of  potassium,  rubidium,  and  caesium,  and  is  doubtless 
due  to  the  very  different  atomic  arrangement  brought  about  by  the 
replacement  of  a  metal  by  the  group  NH^. 


Specific  Oravily. 

Foot  determinations  of  the  relative  density  were  made  by  the 
method  (pycnometer  with  cap)  formerly  employed  for  the  sulphates 
and   selenates  of   potassium,   rubidium,  and   cfBsium.     The  crystals 


\ 
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for  the  work  woro  firit  powdtrod  m  fiooly  m  ponible ;  tb« 
WM  not  Tory  •ztruno,  as  the  powdor  that  obtained  wai  in- 
▼uiablj  ■lightlj  adlioiiTe,  partly  owing  to  tho  mall  qnantitj  of 
•aturatad  solution  wbich  had  previously  been  imprisoned  in  the  usual 
minata  oavities,  and  partly  due  to  moisture  attracted  from  the  air.  It 
was  traaaforred  to  a  platinum  dish  and  heated  for  3  days  at  80^.  The 
dry  poifdar  produoed  was  then  powdered  much  more  finely,  only  snoh 
being  aooepted  as  passed  through  the  meshes  of  a  sieve  of  the  finest 
platinum  gauie.  This  powder  of  extreme  tenuity  was  then  further 
heated  for  a  day  at  120^  in  order  to  remove  moisture  either  attracted 
from  the  air  or  released  from  cavities  by  the  additional  attrition; 
it  was  then  sifted,  the  small  quantity  of  coherent  salt  again 
I,  and  passed  through  the  sieve,  and  finally  the  whole  once 
heated  at  120°  for  2  days. 

The  perfectly  anhydrous  powder  thus  obtained  was  transferred 
while  hot  to  the  pycnometers,  which  were  then  stoppered  but  not 
capped,  allowed  to  cool  in  a  desiccator,  and  capped  when  cold.  Thus, 
the  anhydrous  salt,  which  was  only  momentarily  in  contact  with  the 
ordinary  atmosphere,  was  then  too  hot  to  take  up  moisture.  As  crys- 
tallised ammonium  sulphate  melts  at  140°,  a  higher  temperature  than 
120°  cannot  with  safety  be  employed  in  preparing  the  anhydrous  salt 
without  impairing  the  crystalline  state. 

Carbon  tetrachloride  was  the  liquid  employed,  as  in  the  earlier 
investigations. 

The  following  are  the  results  of  the  observations  : 

Sptc\fie  Gravity  of  Ammonium  StdphaU  <U  20°. 


Waight  of  salt  employed. 
51423  grams 
5-5439    „ 

8p. 

gr.  at  2074*. 
1-7691 
1-7686 

5-6363     „ 

1-7684 

4-8944     „ 

1-7687 

Mean     1*7687 

The  earliest  recorded  determination  of  the  specific  gravity  of 
ammonium  sulphate,  and  one  which  is  as  remarkably  near  the  truth 
as  it  is  interesting,  was  carried  out  in  Paris,  in  1798,  by  **  le  dtoyen  " 
Haeeenfrata,  who  at  this4ime  was  aseocieted  with  Berthollet.  It  is 
pnbliahed  in  the  AtmaUt  d$  CkimtU  (which  preceded  the  Aim.  Chim. 
Phyt.),  vol.  28,  p.  3.  The  value  obtained  was  1*7676,  and  the  method 
employed  was  similar  in  principle  to  the  modem  one  of  the  pycoometer, 
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but  the  latter  was  of  very  large  dimensions  and  weighed  262  grams. 
The  liquid  was  mercury,  the  quantity  required  weighing  2018  grams; 
the  air  was  eliminated  under  the  receiver  of  a  very  large  air  pump. 

Playfair  and  Joule  determined  the  speciBc  gravity  of  this  salt  twice. 
The  first  determination,  made  in  the  year  1845,  gave  the  number 
1*750  (Memoirs  Chem.  Soc,  2,  423).  The  second  and  more  elaborate 
determination,  made  in  the  year  1848,  yielded  the  value  1*76147  at  4° 
(Quart.  Joum.  Chem.  Soc.j  1,  138).  It  is  interesting  to  note  that  the 
formula  given  in  both  these  memoirs  is  NH40*S03  +  HO,  which  corre- 
sponds with  the  modern  formula  (NHJgSO^jHgO,  the  salt  at  that  time 
being  considered  to  contain  a  molecule  of  water  of  crystallisation.  Schiff, 
in  the  year  1858  (Ann.  Chem.  Fharm.,  107,  64),  obtained  the  number 
1*628,  a  value  which  is  unquestionably  too  low.  Pettersson  (N^ova 
Acta  R.  Soc.  Scient.  Upaaliensis^  1874)  found,  as  the  mean  of  four  ex- 
periments, the  value  1*770,  the  limits  being  1*7666  to  1*775  for  17*9° 
to  18*6°. 

F.  \V.  Clarke,  in  Constants  of  Nature^  vol.  1,  p.  79,  quotes  the  value 
1*765  for  20  5°  as  the  result  of  a  determination  made  by  Wilson  in 
his  laboratory;  Schroder  (Ber.y  1878,  11,  2211)  gives  1*773  as  his 
latest  determination. 

Spring  (Ber.y  1882,  16,  1940  ;  and  Bull.  Acad.  roy.  Belg.,  1882,  4 
197),  using  olive  oil  as  the  liquid,  obtained  the  value  1*773  for  20°. 

The  mean  of  the  results  of  the  four  most  trustworthy  previous  deter- 
minations, namely,  those  of  Playfair  and  Joule  (1*761),  Clarke  (1*765), 
Schroder  (1*773),  and  Pettersson  (1*770)  is  1*767,  a  value  which  is 
very  close  to  that  now  obtained  by  the  author  (1*7687). 

Molecular  Volume. 

The  molecular  volume,  calculated  from  the  author's  value  for  the 
density,  is : 

132 

This  is  very  close  to  the  molecular  volume,  74*56,  given  by 
Pettersson  (Ber.,  1876,  9,  1559). 


DiiUmot  Ratios  (Topic  Axes). 

These  ratios  represent  the  relative  distances  apart,  x*  ^i  t»i  of  the 
centres  of  the  contiguous  structural  units  of  the  crystals  along  the 
three  rectangular  directions  of  the  crystallographio  axes  a,  b,  e.  It 
was  proved  for  the  whole  series  of  rhombic  normal  alkali  sulphates  and 
selenatos  in  the  memoir   on  "  The  nature   of   the  structural    unit " 
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(Tr:iii«.,  1896,  60,  507),  that  the  structural  unit  i«  a  Binglo  chemical 
moleoule.  It  should  be  mentioDed  that  this  oonolnfion,  published  by 
the  author  in  1896,  agrees  not  only  with  the  work  of  Fock,  alluded  to 
11  the  author's  memoir,  but  also  with  the  later  research  of  Traube 
(3$t.,  1898,  31,  ISO),  who,  while  oritioising  Fook's  results  oonoeming 
other  ssriaB,  himself  shows  that  the  structural  unit  of  potassium  sul- 
phate aad  its  analogues  is  indeed  a  single  chemical  molecule.  The 
ratios^  oaleolated  from  the  formulas 

work  out  as  follows : 

X  :  ^ :  «  =  31873  :  56563  :  41398. 

If  the  i/f  Talue  for  potassium  sulphate  is  taken  as  unity,  as  was  done 
for  the  three  metallic  sulphates  (Trans.,  1894,  65,  659),  the  values  for 
ammonium  sulphate  simplify  to : 

X :  ^  : «  -  0-5949  : 1  0558 :  0-7727. 


OpiUa, 

The  plane  of  the  optic  cuoea  of  ammonium  sulphato  \&  the  brachy- 
pinacoid  6{010}. 

The  Jir$t  median  line  is  the  morphological  axis  a 

The  dovhle  refraction  is  positive  and  small,  requiring  the  preparation 
of  thick  section  plates  perpendicular  to  the  first  median  line  in  order 
to  obtain  adequately  small  interference  rings  and  sharp  optic  axial 
brushes  for  accurate  measurement  of  the  optic  axial  angle. 

RefrQeHine  Indioee, — ^The  direction  of  the  vertical  morphological  axis 
c  is,  in  accordance  with  the  above,  the  minimum  axis  a  of  the  optical 
indicatrix  and  the  maximnm  axis  b  of  the  optical  velocity  ellipeoid, 
whilst  the  forward  morphological  axis  a  is  that  of  the  maximum  axis 
y  of  the  indicatrix  and  of  the  minimum  axis  t  of  the  velocity  ellipsoid, 
the  morphological  axis  h  being  the  intermediate  axis  fi  and  b  of  both 
ellipsoids. 

Six  excellent  prisms  were  ground,  each  in  the  direction  required  by 
theory  to  afford  two  indices  directly,  with  the  aid  of  the  cutting  and 
grinding  goniometer.  Two  afforded  the  a-  and  /3-values,  another  pair 
gave  P  and  y,  and  the  remaining  two  furnished  a  and  y.  The 
results  are  set  forth  in  the  accompany iog  table : 
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Refractive  Indices  of  Ammonium  Sulphate. 


Index. 

Nature  of 

Prisms 

Prisms 

Prisma 

Mean 

light. 

1  and  2. 

3  and  4. 

5  and  6. 

index. 

rU 

1-5178—5 

_ 

1-5179-8 

1-5177 

a. 

C 

1-5181—0 

— 

1-5183—2 

1-5182 

Vibrations 

Na 

1-5210-04 

— 

1-5213-08 

1-5209 

parallel  to 

Tl 

1-5238—4 

— 

1-5239—5 

1-5237 

axisc. 

F 

1-5270—67 

— 

1-5272-69 

1-5270 

vg 

1-6316— 6 

— 

1-5321—18 

1-5318 

rlA 

1-5200-198 

1-5198—200 



1-5199 

/B. 

C 

1-5206-2 

1  -5202—4 

— 

1-5204 

Vibrations 

Na 

1  -5234-0 

1-5227—30 

— 

1-5230 

parallel  to 

' 

Tl 

1-5260—57 

1-5256-9 

— 

1-5258 

axis  b. 

F 

1-5294-89 

1-5289—90 



1-5291 

VG 

1-6341—37 

1  -5338—43 

— 

1-5340 

ALi 



1  -5295—8 

1-5299—7 

1-5297 

7. 

C 

— 

1  -5300—2 

1 -.5302— 2 

1-5302 

Vibrations 

jNa 

— 

1-5326-32 

1-5332—29 

1-5330 

parallel  to 

jTl 

— 

1-5355—61 

1-6361—59 

1-6359 

axis  a. 

F 

— 

1  -5393—5 

1-5394-2 

1-5394 

VG 

— 

1-5443—6 

1-6446—4 

1-5445 

-197 

I  ^The  mean  refractive  index  (mean  of  all  three  indices)  for  sodium 
lig^io^it  is  1-5256. 

The'^P*'' intermediate  index  (3,  corrected  for  a  vacuum  (the  correction 
being  4-t?®  ^'0004),  is  expressed  for  any  wave-length  \  by  the  formula  : 


P 


1-5094  + 


511  719  894  520  000  000 


A2 


k^ 


+  . 


The  a-values  ^^  ^  re  also  very  closely  reproduced  by  the  formula  if  the 
constant  1-5094  is  •  diminished  by  00022,  and  the  y-values,  if  the  same 
constant  is  increas      ed  by  O'OIOO. 

The  refractive  1  'ndices  of  ammonium  sulphate  for  lithium  and 
sodium  flames  were  >  determined  in  the  year  1867  by  Erofejefif 
(Sitzungsber.  K.  Akci^jr,  'd.  Wiss.  Berlin,  55,  543)  by  means  of  three 
prisms  parallel  to  the  '  three  morphological  axes.  The  values  obtained 
were  as  follows : 

Disi  «•  ^  1- 

Li  1-5177  1-6200  1*5289 

Na ^"^ 1-5208  1-6232  1-6332 

Five  of  these  values  af^i^<e  within  0-0002  of  the  author's  numbers. 
Alteration  (/  R^raction  fteri'u/  Increase  of  Temperature. — ^The  indices  of 
refraction  were  determined  av"  '^*>  the  temperature  of  80°  with  three  of 
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the  prisms,  affording  rcspociively  a  and  fi^  fi  and  y,  and  a  and  y.     The 
following  table  represents  the  results. 


Rifractiv  Indicu  ^  Ammonium  Sulphate  at  SOP, 


I.i  I  T>11G      1-5174      1-5258 

C    ...     1-5151       1-5179      1-5263 


3.                  r  a.  fi.                  y. 

Tl  ...  1-5206  1-5233  1*5320 

F   ...  1-5239  1-5266  15355 

G   ...  1-5287  1-5315  1-5406 


Na...     1-5178      1-5205      15291 

On  heating  the  crystals  to  80°,  a  diminishes  by  00031,  fi  by  0-0025, 
and  y  by  0*0039.  For  Na-light  the  amount  of  double  refraction  at 
the  ordinary  temperature  (y-a)  is  0*0121,  but  at  80°  it  becomes 
diminished  to  0*0113.  That  is,  the  a  and  y  values  approach  each 
other  to  the  extent  of  0*0008.  The  p  and  y  values,  however,  approach 
each  other  more  than  this,  the  difference  between  them  for  Na-light  of 
0-0100  at  the  ordinary  temperature  falling  to  00086  at  80°,  indicating 
an  approach  of  0*0014.  On  the  other  hand,  the  a  and  /?  indices  recede 
from  each  other,  the  difference  for  Na-light  of  0*0021  at  the  ordinary 
temperature  increasing  to  00027  at  80°.  There  is  thus  a  recession  of 
00006. 

Hence,  whilst  all  three  refractive  indices  diminish  with  rise  of 
temperature,  they  do  not  change  equally.  On  'the  contrary,  the 
amounts  of  change  for  the  three  indices  are  considerably  different, 
ind  are  such  as  result  in  the  fi  index  moving  relatively  nearer  to  the 
y  index,  as  well  as  in  a  diminution  in  the  total  amount  of  the  double 
refraction  y-a. 

The  relative  movement  of  fi  nearer  to  y  ought  to  be  accompanied  by 
an  increase  of  the  optic  axial  angle.  This  will  subsequently  be  shown 
to  be  the  case. 

Axes  of  the  Optical  Indicatrix. 

y.       0.         a. 
At  the  ordinary  temperature     a  :  6  :  c «  1  0066  :  1  :  0*9986. 
At  80^ a : 6: c- 10057:  1:0-9982. 


Axes  qf  the  Optical  Velocity  EUipeoid. 

c  b.         B. 

At  the  ordinary  tentperature    a  :  6 :  e  =-  0*9935 : 1 : 1  -001 4. 
At  80° a:6:c-0*9944: 1:1-0018. 

The  effect  of   rise  of   temperature    in    bringing  the  intermediate 
velocity  of  light  transmission  for  the  direction  of  the  morphological 
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axis  b  nearer  to  the  velocity  aloog  the  axis  a  and  relatively  further 
from  that  along  the  vertical  axis  c  is  clearly  shown  by  these  ratios 
for  the  two  temperatures. 

Molecular  Optical  Constants. — The  values  of  these  constants  are  as 
follows : 

Morphological  axis.  a.  b.  c 

Specific  refraction,  ^^l^  =«.../ ^      "-^^^S        "-"^l        0-1716 
'^  '(n«  +  2)d  \G       0-1787        0-1759        0-1753 

„,      ,         ,      ,.       n^-\M         (G     23-07         22-72  22-64 

Molecular  refraction, -^.^  =  m  I  ^     23-59         2321  23-13 

Specific  dispersion,  xia-no 0-0039        0'0038        0*0038 

Molecular  dispersion,  mo  -  Tttc    0*52  0*49  0*49 

Molecular  refraction,  ??:^^ J/ C     39-60  38-87  38-70 

a 

n  —  "] 

The  mean  molecular  refraction  — -j-^  for  ray  C  (mean  of  all  three 

a 

values  for  the  three  morphological  axes  of  the  crystals)  is  39-06. 

This  latter  value  will  presently  be  compared  with  the  molecular 
refraction  of  ammonium  sulphate  in  the  state  of  solution  in  water. 

Optic  Axial  Angle. — Three  pairs  of  excellent  section  plates  were 
prepared  with  the  aid  of  the  cutting  and  grinding  goniometer,  parallel 
to  the  first  and  second  median  lines.  The  accompanying  tables  show 
the  results  of  the  measurements  obtained  with  them,  of  the  angle  in 
air  2E,  and  of  the  acute  and  obtuse  angles  2Ha  and  2Ho,  as  observed 
when  the  sections  were  immersed  in  a-bromonaphthalene,  together 
with  the  calculated  values  of  the  true  optic  axial  angle  2ya  derived 
from  the  two  latter  measurements. 

Ajyparent  Optic  Axial  Angle  in  Air  of  Ammonium  SulphcUe, 


Nature 

of 

Section  1. 

Section  2, 

Section  3. 

M«Mi2£. 

light 

Li 

84°44' 

88°62' 

SS'-iT' 

84*  r 

C 

84  44 

83  58 

83  28 

84    2 

Na 

84  46 

83  56 

83  85 

84    6 

Tl 

84  48 

83  59 

83  43 

84  10 

F 

84  60 

84    4 

83  52 

84  16 
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TVuB  Optie  Ateial  AngU  </  Atmmimium  SulphaU* 


Natn* 
of 

light   * 

No.  of 
•Mtkm 

.  1M.L. 

ObMrred 
▼alQcftof 

No.  of 
Mction 

8M.L. 

Obmred 

TaloMof 

2Uo. 

CaleoUUKl 

▼aloMof 

2V«. 

Mean 
2V.. 

l.i 

(i 

48*12' 
47  42 
47  88 

la 
2a 
8o 

iiris' 

111  21 
111  12 

r.2*38'  \ 
62  11    \ 
52    5  J 

C 

Is 

48    8 
47  89 
47  81 

la 
2a 
Za 

mil 

111  14 
111    7 

62  36  ^ 
52  10   \ 
62    4  j 

6217 

N« 

-   2 

47  52 
47  22 
47  15 

la 
2a 
8a 

110  85 
110  87 
110  86 

62  82  1 
62    6 
61  68 

62  12 

Tl 

Is 

47  85 
47    5 
46  66 

la 
2a 
8a 

109  68 
109  63 
109  62 

62  28  1 

62  1  y 

61  68  J 

62    7 

F 

(i 

4712 
46  41 
46  82 

la 
2a 
3a 

109    7 

109    6 
108  69 

62  20  1 
6163    } 
6146  J 

52    0 

Des  Cloixeaax  (SouvelUs  Hecherches  8ur  les  ProprieUs  OpUques  des 
Cristaux,  p.  97)  records  for  2E  the  value  87°44'  for  red,  and  88°47'  for 
blue  light,  the  specific  wave-lengths  not  being  given. 

Erofejeff  (SUzmngsber,  K.  Akad.  Wise,  Berlin,  1867,  66,  543)  gives 
for  2£  through  red  glass  86°30\  and  for  sodium  light  85''29'.  This  order 
of  dispersion  for  2£  is  contrary  to  that  given  by  Des  Gloizeaux,  and  is 
now  shown  by  the  author  to  be  incorrect.  For  2Va,  calculated  from 
obterrfttions  in  oil  of  2Ha  and  2Ho,  Erofejeff  obtained  53''32'  for  red 
gUas  (no  specific  wave-length)  and  52^58'  for  sodium  light. 

The  three  sections  perpendicular  to  the  first  median  line  employed 
by  the  author  were  at  least  two  millimetres  thick,  this  thicknev 
being  required  in  order  to  obtain  very  small  rings  and  sharp  brushes. 
Otherwise,  the  very  slight  amount  of  dispersion  (13'  being  the  mean 
value  between  C  and  F  of  the  spectrum)  in  the  esse  of  2E  could  not 
have  been  determined  with  certainty. 

The  fafclwilsted  values  of  2ya  also  indicate  slight  dispersion 
(17'  between  C  and  F)  of  ^ the  true  angle.  In  order  to  confirm  the 
order  of  this  small  dispersion,  search  was  made  for  a  liquid  possessing 
the  same  refractive  index  as  the  crystals.  Such  a  liquid  was  found  in 
chlorobenaene,  the  refractive  index  of  which  for  sodium  light  is 
1*5248,  almost  identical  wiih  the  mean  index  (1*5256)  of  the  crystals. 
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A  pure  specimen  of  this  liquid,  boiling  at  131*9°  and  having  a  «p.  gr. 
1*1235,  was  kindly  placed  at  the  author's  disposal  by  Dr.  V.  H.  Veley, 
to  whom  sincere  thanks  are  due. 

As  observed  in  chlorobenzene,  the  brushes  exhibited  by  the  sections 
perpendicular  to  the  first  median  line  were  markedly  red  inside  and  blue 
outside,  indicating  the  fact  that  the  true  angle  2Va  is  indeed  greater 
for  red  than  for  blue.  Measurements  for  C  and  F  light  afforded 
angles  practically  identical  with  the  calculated  values  of  2Va  for  these 
wave-lengths,  and  indicating  that  the  calculated  amount  of  dispersion 
is  very  near  the  truth. 

Kffe.ct  of  Rise  of  Temperature  on  the  Optic  Axial  Angle.— ^>eci\on  3 
was  heated  to  80°  (corrected  for  conduction  of  crystal  holder)  in  air, 
when  2E  was  observed  to  increase  somewhat  rapidly,  as  stated  by 
Des  Cloizeaux  {loc.  cit.),  who  heated  a  plate  to  70°,  but  who  does  not 
give  any  measurements  for  the  higher  temperature. 

At  80°,  the  angle  was  found  to  be  12°53'  larger  than  at  the  ordinary 
temperature.  This  is  in  accordance  with  the  indications  already 
shown  to  be  afforded  by  the  changes  of  refraction  along  the  three 
axial  directions  of  the  optical  indicatrix  on  heating  to  80°.  On 
cooling  to  the  ordinary  temperature  again,  the  angle  was  found,  some 
hours  subsequently,  to  have  been  permanently  increased  by  54'  by 
the  heating  operation. 


Eefrcuition  in  ilie  State  of  Solution  in  WcUer, 

It  was  considered  important,  in  view  of  the  interesting  results 
obtained  in  the  cases  of  the  sulphates  and  selenates  of  the  alkali 
metals,  to  determine  the  refraction  equivalent  of  dissolved  ammonium 
sulphate.  Three  independent  determinations  were  therefore  made, 
two  with  solutions  nearly  saturated,  and  another  with  a  somewhat 
more  diluted  solution.  A  fully  saturated  solution  at  8*2°  contains 
42*5  per  cent,  of  ammonium  sulphate.  The  degree  of  saturation  will 
be  apparent  from  tlic  numbers  given  in  the  third  column  of  the 
following  table  : 
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lOOS 


Moitcttlar  lif/ntciwn  qf  simmonittni  StJfJmU  Disaolctd  in   WaUr. 


raWbtoT 


Weighlof 


IS-M7S 


15-i84l 


7*8421 


IS -3552 


of  s-nlt  ill 
.•Ml]  lit  ion 


4064 


SSS919 


40-35 


1  «    .>U^il 


Sp.  pr. 

Rrfrartiire 

fnolntion 

in<l<x  of 

.1  ••o/V. 

snlut  lOII 

1  -2030 


F.i  1-8939 
'  1  '3943 
Na  1-3908 
11  1-8989 
F  1-4016 
^G     1  4056 

Li  1-3930 
C  13934 
N«  1  -3959 
Tl  1-3979 
F  1  4007 
G    1-4042" 

Li  1-3860 
C  1-3864 
Na  1-3885 
Tl  1-3906 
F  1-3931 
^G    1 


Mofta  refraction  equivalent  for  the  state  of  solution  in  water  .. 

„  „  of  the  crystals , 

Diflfereucc 


Molecular 

refraction  of 

•alt  in  the 

■Ule  <.f 

■ohitioti. 


39  76 


39-53 


39-71 


30-67 
39*06 
+  0-61 


The  same  care  was  taken  to  obtain  the  perfectly  anhydrous  salt  as 
10  the  ease  of  the  determinations  of  the  sp.  gr.  of  the  crystallised  salt, 
aod  the  water  employed  had,  of  coarse,  been  previously  boiled  and 
cooled  out  of  contact  with  the  atmosphere.  The  determinations  were 
made  with  the  same  10  c.c.  pycnometers  as  were  used  in  ascertaining 
the  density  of  the  crystals. 

From  the  comparison  instituted  at  the  foot  of  the  table  between  the 
mean  of  the  three  yaloes  for  the  different  solutions  and  the  mean 
refraction  equivalent  for  the  crystals,  it  will  be  observed  that  the 
value  for  solution  is  larger  by  0*61  than  the  mean  value  for  the 
crystals.  The  latter  is  derived  either  by  taking  the  mean  of  the 
refraction  equivalents  for  the  three  directions  of  the  morphological 
axes,  or  by  calculating  the  refraction  equivalent  from  the  mean  of  all 
three  refractive  indices  of  the  crystaU,  for  the  wave-length  of  C-light 
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Comparison  between  the  Results  Obtained  with  Ammonium 
Sulphate  and  those  for  the  Sulphates  of  Potassium, 
kubidium,  and  caesium. 

(Compare  Trans.,  1894,  65,  628.) 

Solubility. 

The  followiDg  statement  represents  the  results  as  regards  solubility  : 
100  c.c.  of  water  at  the  ordinary  temperature  dissolve  10  grams  of 
K2SO4,  44  grams  of  RbgSO^,  74  grams  of  (NH^)2S04,  or  163  grams  of 
C82SO4. 

It  is  clear  that  the  position  of  ammonium  sulphate  as  regards 
solubility  in  water  is  between  rubidium  and  ca3sium  sulphates,  and  much 
nearer  to  the  former  than  to  the  latter. 


Crystallographical  Angles. 

From  the  accompanying  comparative  table  of  angles  (p.  1065),  it 
will  be  apparent  that  the  differences  in  the  angles  between  the  exterior 
faces  of  the  crystals,  brought  about  by  the  replacement  of  potassium  by 
ammonium,  cannot  be  said  to  have  any  definite  directional  relationship 
to  the  changes  which  accompany  the  replacement  of  potassium  by 
rubidium  and  caesium.  Out  of  29  angles  compared,  18  show  a  change 
in  the  contrary  sense  to  that  which  occurs  when  potassium  is  replaced 
by  either  of  the  two  metals  of  higher  atomic  weight,  whilst  only  8 
exhibit  a  change  of  like  sign,  and  3  show  no  change  at  all.  The  one 
salient  fact  clearly  revealed  is  that  changes  in  the  angles  are  in  general 
introduced  (26  cases  out  of  29),  and  to  an  extent  which  is  greater 
than  when  rubidium  replaces  potassium,  but  not  so  great  as  when 
Cflssium  replaces  potassium.  This  will  be  rendered  clear  by  the  follow- 
ing statement  of  the  average  angular  change  (arithmetical  mean  of  all 
the  29  differences,  ignoring  sign)  which  accompanies  each  replacement. 

Average  and  Maximum  Angular  Changes, 

Average      Maximum 
change.        change. 

For  the  replacement  of  potassium  by  rubidiuiu         O''  9'  0^4' 

„  „  ammonium      0  14  0  37 

„  „  caesium  0  16  0  41 

It  will  be  observed  that  the  maximum  amounts  of  change  follow  the 
fiame  order. 
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' 

.     "     o/ 

.IA)r/»/ioA)f/im/   AtufUs. 

Angle. 

roUatiam 
,     uttlph^U. 

Riibkiittm 
•olphAtr, 

2»'47' 
80    0 
30  13 

('..  Kintn 

2»»44' 
SO   0 
8016 

Aiiiin<iiiiiiin 
Mllpliato. 

(op   s(100):(110) 
{pp'  «(I10):(130) 
l/»  «(130)  :  (010) 

'       20*48' 
80    0 
80  12 

2»'24' 
80    0 
80  36 

r«r«(00l):(0l2) 
?'f«(0l2):(011) 
Of    =(001):  (Oil) 
if  -(Oil):  (021) 

y4  -(021)  :  (010) 

20  21 
16  13 
86  84 
19  27 
88  69 

20  31 
16  18 
36  49 
19  26 
33  45 

20  88 
16  21 
86  59 
19  26 
83  35 

20    6 
16    6 
86  12 
19  28 
84  20 

M    =(100):  (111) 

48  52 

43  41 

48  81 

48  89 

ao'  =(100)  :  (112) 

58  44 

58  31 

58  19 

58  87 

fo    =(010):  (111) 

65  87 

65  33 

65  82 

65  56 

bo'   =(010)  :  (112) 

72  42 

72  37 

72  83 

72  56 

feo'  =(001):  (112) 
\o'o  =(112):  (111) 
1«    =(001):  (111) 
[op    =(111):  (110) 

36  44 
19  27 
56  11 
88  49 

37    0 
19  26 
56  26 
83  31 

37  13 
19  25 
56  38 
33  22 

36  42 
19  27 
56    9 
33  51 

po    =(110):  (111) 
Y  =(lll)  :  (021) 

yp=(o5i):(no) 

65    8 
49  12 
65  40 

65    2 
49  22 
65  36 

64  54 
49  30 

65  8;) 

64  31 
49  24 
66    5 

(p^  =(110):  (112) 
Uq  =(1I2):(011) 
[qp    =(0il):(il0) 

72  23 
34  50 
72  47 

72  15 
35    4 
72  41 

72    7 
85  15 
72  88 

7158 
84  53 
73    9 

Ip'o  =(130):  (111) 
oo'  =(111):  (112) 
O'q'  =(lI-2)  :  (021) 

l7y-(05l):(l30) 

43  59 

45  47 

46  1 

44  18 

43  49 

45  55 

46  12 

44  4 

43  40 
46    1 
46  20 
43  59 

44  0 

45  16 

46  1 
44  48 

1 

|*V-(1S0):(112) 
</q  =(112):  (Oil) 
,fp'=(0ll):(l30) 

58  48 
62  12 

59  0 

58  35 
62  86 
58  49 

58  25 
62  58 
58  42 

58  50 
61  43 

59  27 

Compariton  of  Morphological  Axial  Hatiot. 

For  potastuum  sulphate,  a:b:o  -  0*5727  : 1  :  0*7418 

„    rubidium         .,  a:b:e  -  05723:  1  :0-7486 

„   caesium             ,,  a:b:e  -  0*5712:1:0*7531 

„   ammonium      .,  a:b:c  *-  0*5635:1:0*7319 

From  the  comparison  of  the  crystallographical  axial  ratios  which 
has  been  instituted  in  the  above  table,  it  will  be  evident  that  the 
ratios  for  ammonium  sulphate,  whilst  sufficiently  close  to  those  of  the 
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other  salts  to  indicate  true  isomorphism,  are  differently  related  to 
those  of  potassium  sulphate  than  are  those  of  rubidium  and  csesium 
sulphates.  For,  the  replacement  of  potassium  by  the  radicle  ammonium 
causes  a  change  in  the  ratio  a  :  6  in  the  same  sense  as,  but  greater  in 
amount  than,  when  rubidium  or  caesium  is  interchanged  for  potassium, 
but  a  change  in  the  ratio  c:b  in  the  opposite  sense  and  to  an  inter- 
mediate extent  to  that  effected  by  introducing  rubidium  and  caesium. 

Density  and  Molecular  Volume, 

From  the  accompanying  table  of  specific  gravities,  it  will  be  evident 
that  ammonium  sulphate  is  the  lightest  member  of  the  series.  Its 
molecular  volume,  however,  as  shown  in  the  next  table,  is  just  slightly 
greater  than  that  of  rubidium  sulphate.  The  substitution  of  ammonium 
for  potassium  is  accompanied  by  an  increase  in  volume  of  9*3,  while 
that  of  rubidium  for  potassium  gives  rise  to  an  increase  of  8-4.  The 
replacement  of  potassium  by  caesium  brings  about  an  increase  of  19 '8  : 


Comparison  of 

specific  gravities. 

For  2074°. 

Comparison 

of  molecular 

volumes. 

Ammonium  sulphate 

1-7687 

Potassium  sulphate     65*33 

Potassium           „ 

2-6633 

Rubidium         „            73*77 

Rubidium           „ 

3-6113 

Ammonium      „            7463 

Caesium                „ 

4-2434 

Caesium             „            85  17 

The  increase  of  volume  due  to  the  substitution  of  ammonium  for 
potassium  was  given  by  Pettersson  as  9*19,  a  result  nearly  identical 
with  that  now  presented. 

Separation  of  Centres  of  Structural  Units. 

A  comparison  of  the  relative  distances  apart  of  the  centres  of  the 
contiguous  crystallographical  structural  units,  which  have  been  shown 
for  this  series  of  salts  to  be  the  chemical  molecules,  measured  along 
the  three  rectangular  directions  of  the  morphological  axes,  will  be 
seen  from  the  next  table  to  reveal  the  interesting  fact  that  the  re- 
placement of  potassium  by  ammonium  is  accompanied  by  approxi- 
mately the  same  amount  of  extension  of  the  crystal  structure  along 
those  three  axes  as  is  the  substitution  of  rubidium  for  potassium. 
Along  the  axis  a,  the  extension  is  practically  identical  for  the 
two  substitutions,  being  only  0-0006  greater  for  the  ammonium 
substitution ;  along  the  b  axis,  the  introduction  of  ammonium 
causes  a  change  greater  by  001 73,  but  not  nearly  so  great  as  when 
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Compmriaom  of  DiUane*  R(Uio$  (TopU  Artt). 

Fur  poUniam  tulpliate  x  •  ^  '  **   "  0  5727  :  1  :  o  7418 

M    rubidium  „  X^*^  •«•-"<>  ^^^3  :  10365  :  0  7773 

„    ammomuin       „  X'^^*  -  05049  :  1*0558  : 0*7727 

M    CMiui  ^  X:f:«*   -  0*6214  :  1*0879  :  0*8193 

eMsiain  \b  introdaoed,  and  aloDg  the  o  axis  the  extensioD  is  leu 
bj  0*0046  for  the  ammonium  substitution  than  for  the  rubidium 
one.  The  average  difference  of  extension  brought  about  by  the 
rubidium  and  ammonium  substitutions,  1/3(0  0006  +  00173-0-0046), 
is  thus  +0*0044.  On  the  whole,  therefore,  the  ammonium  sulphate 
molecule  occupies,  as  regards  its  dimensions  in  space,  a  position  in 
the  Mries  rerj  cloee  to  rubidium  sulphate,  and  just  slightly  outside 
it.  The  fact  that  this  is  only  true  for  the  average  extension,  and  not 
for  all  three  individual  axial  extensions,  is  another  indication  of  the 
peculiar  nature  of  the  ammonium  member  of  the  series.  The  last 
two  o<molwaiom,  regardiog  the  volume  of  the  molecule  and  its  dimen- 
sions in  ipMe,  are  particularly  interesting  as  showing  that  the  re- 
placement of  the  two  metallic  atoms  of  potassium  by  the  ten  atoms 

Ittded  in  two  NH^  groups  is  accompanied  by  only  a  very  slightly 
.  ger  increase  in  volume,  and  consequent  extension  of  the  molecular 
dimtnriims  along  the  three  axial  directions  than  when  the  two 
potasnnm  atoms  are  replaced  by  two  rubidium  atoms.  Moreover, 
the  change  is  nothing  like  so  large  as  that  which  occurs  when  two 
ciesium  atoms  are  substituted  for  the  two  atoms  of  potassium. 

This  surprising  result  opens  up  two  very  important  questions, 
namely,  the  arrangement  of  the  atoms  in  the  molecule  and  the  close- 
ness of  the  packing  of  the  molecular  structural  units  in  the  crystal 
edifice.  It  would  appear  to  suggest  either  that  the  atoms  in  the  mole- 
cule have  a  large  range  of  motion  inside  the  molecular  dimensions, 
adequate,  in  fact,  to  admit  of  the  introduction  of  eight  additional 
atoms  within  the  molecular  structure  without  altering  those  dimen- 
sions appreciably  more  than  when  a  mere  substitution  of  rubidium 
for  potassium  atoms  is  effected,  or  that  the  structural  molecular  units 
are  so  loosely  packed,  that  is,  the  amount  of  free  space  is  so  large 
compared  with  the  amount  of  matter  in  the  whole  space  defined  by 
the  distance  ratios,  that  there  is  sufficient  room  for  the  inoriase  of 
the  material  part  of  the  Molecule  by  the  introduction  of  eight 
additional  atoms  withont  extending  the  separation  of  the  centres  of 
contiguous  moleeiiles  more  than  when  a  metallic  interchange  occurs. 
Possibly  both  these  contingencies  have  their  counterpart  in  actual 
facta. 
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Comparison  of  the  Optical   Properties. 
Comparative    Table   of  Refractive  Indices. 


Axial 
direction. 

Nature  of 
light. 

K^O,. 

Rb,S04. 

(NHJ^O*. 

1-5297 

c«,so,. 

/Li 

1-4924 

1  5120 

1-5633 

C 

1-4928 

1-5124 

1-5302 

1-5637 

jNa 

1-4947 

1-5144 

1-5330 

1  5662 

a 

in 

1-4967 

15166 

1-5359 

1  -5690 

F 

1-4995 

1-5194 

1  -5394 

1-5725 

\G 

1-6024 

1  -5235 

1-5445 

1-5775 

ru 

1-4912 

1-5108 

1-5199 

1-5615 

c 

1-4916 

1-5112 

1  -5204 

1-5619 

b 

Na 

1-4935 

1-5131 

1-5230 

1-5644 

Tl 

1-4955 

1-5153 

1-5258 

1-5672 

F 

1-4982 

1-5181 

15291 

1-5706 

\G 

1-5012 

1-5222 

1  5340 

1-5756 

/Li 

1-4950 

1-5109 

1-5177 

1-5569 

C 

1-4954 

1-5113 

1  5182 

1-5573 

Na 

1-4973 

1-5133 

1  -5209 

1-5598 

0 

'11 

1-4994 

1-5155 

1-5237 

1-5624     . 

u 

F 

1  -5023 

1-5183 

1-5270 

1-5660 

1-5052 

1-5224 

1-5318 

1-5705 

From  the  comparison  of  the  refractive  indices  which  is  instituted 
in  the  foregoing  table,  it  will  be  clear  that  ammonium  sulphate 
occupies  a  position,  as  regards  refraction,  near  that  of  rubidium  sul- 
phate and  between  that  salt  and  csosium  sulphate.  This  will  be 
rendered  even  clearer  by  the  following  comparison  of  the  values  of 
the  mean  refractive  index  (mean  of  all  three  indices  for  each  salt)  for 
sodium  light : 


For  potassium  sulphate  ...   1-4952 
,,    rubidium  ,,  1-5136 


Mean   Refractive  Indices. 

For  ammonium  sulphate  ..   1-5256 
,.    caesium  ,,  1'5635 


The  results  of  a  similar  comparison  at  80°  are  entirely  analogou?, 
80  that,  within  the  range  of  existence  of  the  crystals  (ammonium  sul- 
phate melts  at  140°),  the  conclusion  just  arrived  at  is  independent  of 
temperature. 

The  axial  ratios  of  the  optical  indicatrix  or  its  polar  reciprocal,  tlu> 
optical  velocity  ellipsoid,  calculated  with  reference  to  the  value  for  tiu> 
6  axis  of  potassium  sulphate  as  unity,  may  be  expected  to  show  a 
similar  relationship.  The  latter  series  are  compared  in  the  following 
Uble: 
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Cm^ntimm  </  tJU  Axial  Jiatio$  qf  M«  Optical  Vdoeity  £Uip§oid, 

ForK^^ b:e  -  Oi)992 : 1           :0-9976 

„    Rh,804   aib'.e  -   0  9863:0-9871: 0-9869 

„    (NHJ^O, n:b:c  -   09742  :  09806  :  09820 

H    C*,80^  h:c   ^  0-9636:0-9547:0-9576 

Tht  poftition  of  ammoDium  sulphate  id  tbo  isomorphous  leries  is 
<^re  dearly  shown  to  be  between  rubidium  and  cte^ium  sulphatefl,  and 
.u  dose  proximity  to  that  of  rubidium  sulphate. 


Compariion  qf  Ute  Molecular  OjAical  Constants. 

From  the  compirison  made  in  the  following  table  of  the  specific  and 
olccular  optical  constants,  it  will  be  observed  that  the  specific  refrac- 
;  on  and  dispersion  of  ammonium  sulphate  are  considerably  different 
from  ilie  corresponding  constants  of  the  three  metallic  salts,  and  the 
change  produoed  by  the  substitution  of  ammonium  for  potassium  lies  in 
t  he  opposite  direction  to  that  which  accompanies  the  substitution  of 
I  ubidium  or  cesium  : 


Comparative  Table  of  Molecular  Optical  Constants. 


Axis. 


riedfic  refmrtion, 


(NH4>,S04 


Ray  C  - 


r(NH4y 

I  K,SO, 


I  RtvS04. 


0-1748 
01092 
0  0SS2 
0  07«7 


(•»+5tM 


MoIrcaUr     refrac* 
tion, 

n«+2*  H 


({r*lU)^0,A  01787 

„      .,     K-S(»,  01110 

^>  *"  I  lib^SO^ ,  0-0847 

IChtSO, 0  0782 


iUyC 


K^O,  18^9 

RiySO* i     22  1« 


RayO 


icftSO, 


«)^« 


2S-07 
27-71 

1931 
22-67 
SS-69 
28 -M 


01721 

0-1089 

o-08;iO 

00765 

0  1759 
0  1107 
00845 
00780 

18^ 
2212 
»72 
27-68 

19-27 
22-52 
28-21 
28-18 


0-1715 
01096 
0-0881 
0-0759 

01758 
0-1115 
00816 
C-0774 

19-08 
2218 
22-64 
27-45 

19-40 
22-53 
23-18 
27-98 
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Axi.'i. 

Specific  dispersion, 

AxiB. 

Molecular  dispersion. 

a. 

h. 

c. 

a. 

h. 

c 

(NIT,)2S04. 

0-0039 
0-0018 
0-0015 
0-0015 

0-0038 
0  0018 
00015 
0-0015 

0-0038 
0  0019 
00015 
0-0015 

Sir* 

0-32 
0-41 
0-52 
0-56 

0-31 
0-40 
0-49 
0-66 

0-32 
0  40 
0-49 
0-63 

Axi.s. 

Molecular  refraction,     -^H' 

a. 

h. 

«. 

K2SO4   

Rb,so^ 

32-22 
37-83 
39-60 
48-05 

32  14 

37-74 

38-87 
47-89 

32-89 

37-76 

(NH.LSO.    

88-70 

Cs-SO. 

47-50 

As  regards  molecular  refraction,  the  whole  of  these  constants  for 

ammonium  sulphate  are  very  close  to  those  for  rubidium  sulphate,  and 

very   slightly    higher.       Hence,   ammonium   sulphate   occupies   with 

respect  to  molecular  refraction  a  similar  position  to  that  which   it  has 

been  shown  to  take  up  as  regards  the  volume  and  dimensions  of  the 

structural   molecular   unit,    namely,   between   rubidium   and   cssium 

sulphates,  and  much  nearer  to  the  former  than  to  the  latter.     Thii 

fact  is  most  clearly  exhibited  by  a  comparison  of  the  mean  values  of 

n-  1 
the  molecular  refraction  ~~T'^  ^^^  ^^®  '^J  ^>  *^**'  ^»  *^®  mean  of 

all  three  values  for  the  three  morphological  axial  directions  of  each 
salt. 


Mtan  AfoUetUar  RrfracUom, 


For  potassium  sulphate  ...  32*25 
„    rubidium  „         ...  37*77 


For  ammonium  sulphate  ...  39*06 
„    csesium  ,.        ...  47*81 


A  similar  result  is  found  in  the  case  of  the  molecular  dispersion, 
only  the  intermediate  position  is  nearer  to  that  of  ciesium  sulphate. 

Coming  next  to  the  refraction  equivalent  for  dissolved  ammonium 
sulphate,  it  has  been  shown  that  the  value,  39*67,  i<)  slightly  higher 
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Uun  the  nmn  refi«etion  equiTnleot  for  th«  oryttitU  gi?to  in  Um  prt- 
oediog  labl«»  Um  difterenoe  between  the  two  being  -t-O'Sl.  It  baa 
been  preTumelj  shown  bj  the  author  (Trans.,  1897,  71,  9U)  that  iba 
three  metallic  solphatee,  aa  alao  the  aelenates,  likewise  exhibit  alight 
diffarenoea  between  their  refraction  equivalents  for  the  atate  of  solu- 
tion and  the  erjratallised  condition,  and  that  those  diflaraDoaa  exhibit 
.in  intanaating  progreasion,  from  a  positive  difference  exceeding  a  unit 
in  the  caae  of  the  potaaaium  salt  to  a  small  negative  difference 
in  the  caaa  of  the  caaiam  salt,  the  rubidium  salt  showing  an  inter- 
madlata  amall  poaitive  difference.  Now,  in  the  case  of  rubidium 
Hulphate,  this  difference  is  +0*62,  almost  identical  with  that  now 
found  for  ammonium  sulphate,  the  minute  difference  of  +0*01  being, 
as  has  so  often  been  shown  to  be  the  case,  on  the  side  nearer  to  the 
value  for  the  casiiim  salt  This  fact  will  be  more  dearly  apparent 
from  the  following  table  : 

R^'ractiati  h^xvaienUfor  Cryttals  and  Solution. 
Mean  mol.  re-      Mol.  refraction 


fraction  of 

of  tho 

crysUls. 

solution. 

Diff. 

Potassium  sulphate 

32-25 

33-39 

+  114 

Rubidium         „ 

37-77 

38-39 

+  0-62 

Ammonium      „ 

3906 

39-67 

+  0-61 

Cesium            „        

....      17-81 

47-57 

-0-24 

The  final  conclusion  as  regards  the  speciSc  and  molecular  refraction 
constants  is,  therefore,  that  whilst  the  more  complex  nature  of  the 
group  NH^,  as  compared  with  the  simpler  nature  of  the  metallic  atom 
which  it  is  capable  of  replacing  in  this  series  of  salts,  is  indicated  and 
emphasised  by  the  very  different  specific  refraction  and  dispersion 
constants,  yet,  as  regards  the  molecular  constants,  the  ammonium 
radicle  plays  a  part  very  similar  to  that  of  the  rubidium  atom. 

It  now  remains  to  compare  the  orientation  and  angles  of  separation 
of  the  optic  axes  (bi-normals)  of  the  four  sulphates,  which  involvea 
the  consideration  of  the  general  optical  scheme  for  the  crystals  of  eaeh 
salt 

In  this  series,  the  problem  is  an  especially  complex  one,  for  the 
scheme  is  a  different  one  for  eaeh  salt  The  author  has  shown,  how- 
ever, that,  as  in  the  caae  of  the  analogous  selenatea,  it  beoomaa 
perfectly  simple  when  oooaidered  in  connection  with  the  axial  raiioa 
of  the  optical  ellipsoids,  in  which  the  value  along  the  b  axis  of  each 
salt  is  taken  as  unity.  These  ratioa  naturally  determine  the  loot  of 
the  circular  sectiona  of  the  optical  ellipsoid,  to  which  the  optic  azaa 
(bi-Dormals)  are  perpaodienlar. 
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These  ratios  for  the  sulphates  are  as  follows : 


For  K28O4 a:b:c 

„    RbjSO^     a.b'.c 

„    CsgSO^ a:b:c 

„    (NH,)2S0,  a:b:c 


0-9992:1  :0-9975 
0-9991: 1:0-9999 
0-9989:1:1-0029 
0-9935:1  :1-00U 


It  was  shown  in  the  memoir  on  the  alkali  sulphates  that  the  differ- 
ent orientation  of  the  optic  axes  in  the  three  metallic  salts  was  the 
direct  outcome  of  the  regular  progression  exhibited  by  these  ratios. 
Owing  to  the  initial  smallness  of  the  double  refraction  and  to  the 
much  more  rapid  change  of  the  ratio  c:b  on  replacing  one  metal  by 
another  of  higher  atomic  weight,  and  to  the  direction  of  this  change 
being  that  which  still  further  reduces  the  double  refraction,  it  is  found 
that  the  substitution  of  rubidium  for  potassium  gives  rise  to  just  that 
amount  of  reduction  required  to  bring  the  ratio  c :  b  practically  to 
unity,  and  that  the  continuation  of  the  operation  when  csesium  is 
substituted  renders  the  value  of  the  ratio  greater  than  unity,  and  so 
entirely  reverses  the  optical  scheme.  Incidental  phenomena  con- 
comitant with  this  reversal  are  the  change  in  the  character  of  the 
double  refraction  from  positive,  in  potassium  sulphate,  to  negative,  in 
ctesium  sulphate,  and  the  extraordinary  optical  character  of  rubidium 
sulphate,  which  exhibits  crossed-axial-plane  dispersion  as  the  tempera- 
ture is  raised  and  simulates  uniaxial  optical  symmetry  about  the  tem- 
perature of  50°  (39°  for  Li-,  63°  for  G-light). 

The  very  different  character  of  the  ammonium  substitution  is  evi- 
dent from  the  considerable  change  produced  on  the  ratio  a :  6,  which 
remained  almost  unaffected  by  the  metallic  substitutions,  but  some 
interesting  facts  will  be  apparent  from  a  consideration  of  the  general 
optical  characters  of  the  four  salts,  which  are  determined  by  these 
ratios. 

Camjxirison  of  General  Optical  Characters, 


Salt 

R.ingo  of  temperature. 
Throughout 

Plane  of 
optic  axes. 

a(lOO) 

Direction 

of  first 
mod.  lino. 

axis  c 

Sign  of 
double  re- 
fraction. 

+ 

Optical 
scheme. 

bnr 

Ordinary  temp,  to  50° 

c(OOl) 

,»     a 

+ 

tab 

+ 
cbn 

■  A 

RbjSO^ 

lietween  50°  and  180° 

ft(OlO) 

M     a 

+ 

Above  180° 

6(010) 

n     c 

- 

tba 

(NH^),80, '        Throughout 

6(010) 

,.     « 

+ 

(ba 

Ch^O, 

it 

6(010) 

>»     c 

- 

cba 

The   iotermediate   character   of    rubidium    sulphate,    between   the 
widely   differvut  potassium    and   ciesium   salts,    which   is  bo  dearly 
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vxbibiUd  bj  the  optical  axial  ratios,  ic  alto  thowD  by  thii  table,  and 
on  beating  Um  orjetals  of  rubidium  nulphate  aboTe  180^  tbii  salt 
aotoallj  beoomet  optically  similar  to  casnium  sulphate.  But  if  the 
crystals  of  rubidium  sulphate  are  less  intensely  heated,  namely,  to  a 
temperature  only  slightly  exceeding  50^,  they  become  precisely  similar, 
optically,  to  those  of  ammonium  sulphate.  Moreover,  this  orientation 
of  the  optical  ellipeoid  is  then  retained  over  the  relatively  large  range 
of  ♦— psratore  from  50°  to  180°,  above  which  higher  limit  the  same 
orienlatioii  as  that  shown  by  the  cesium  salt  is  attained.  Clearly, 
then,  in  this  respect,  ammonium  sulphate  stands  between  rubidium  and 
c«sium  sulphates  and  much  nearer  to  the  former. 


Summary  of  Canelusions, 

It  has  now  been  shown  that,  in  the  cases  of  nine  out  of  the  twelve 
properties  which  have  been  investigated,  ammonium  sulphate  stands 
in  the  series  of  normal  alkali  sulphates  between  rubidium  and  caesium 
sulphates  and  very  cloee  to  the  rubidium  salt.  The  nine  properties  for 
which  this  is  true  are:  solubility  in  water,  molecular  volume,  the  averAge 
(ii  '.anoes apart  of  contiguous  molecules  along  the  three  axial  directions, 
the  refractive  indices,  the  axial  ratios  of  the  optical  ellipsoid,  the 
<lirH;ttonal  molecular  refraction,  the  mean  refraction  equivalent  for  the 
(IV stale,  the  refraction  equivalent  for  the  state  of  solution  in  water, 
and  the  general  optical  scheme  which  governs  the  optic  axial  angle 
phenomena.  Thus,  with  regard  to  all  these  properties,  the  replace- 
ment of  the  two  atoms  of  potassium  by  the  ten  atoms  of  the  ammonium 
groups  is  accompanied  by  an  effect  but  slightly  greater  than  that 
produced  when  two  atoms  of  rubidium  are  substituted  for  those  of 
potassium. 

In  regard  to  the  three  remaining  properties,  the  morphological 
angles,  the  morphological  axial  ratios,  and  the  specific  refraction,  as 
well  as  certain  details  of  the  distance  ratios  and  of  the  optic  axial 
angle  phenomena,  and  the  developmoot  of  cleavage  along  only  one, 
instead  of  two,  directions,  the  specifically  different  character  of  the 
ammonium  radicle,  as  compared  with  the  simple  atoms  of  the  alkali 
metals,  asserts  itself.  Yet,  even  in  the  case  of  the  crystallographical 
angles,  this  specific  difference  is  only  manifested  as  to  the  direction  of  the 
change  of  angle  brought  about  by  replacing  potassium  by  ammonium, 
as  compared  with  that  due  to  the  substitution  of  one  alkali  metal  for 
another,  and  as  regards  *ihe  amount  of  the  change  the  ammonium 
salt  stands  between  the  rubidium  and  cesium  salts,  and  somewhat 
nearer  to  the  latter.  It  is,  indeed,  surprising  that  the  introduction  of 
eight  additional  atoms  should  be  accompanied  by  lees  change  in  the 
exterior  angles  of  the  crystals  than  when  a  mere  subetittttion  of 
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atoms  for  potassium  atoms  occurs.  The  changes  in  the  axial  ratios 
are  simply  the  natural  consequence  of  those  in  the  morphological 
angles.  Indeed,  the  axial  ratios  may  be  considered  as  the  specific,  and 
the  distance  ratios,  obtained  by  combining  them  with  the  molecular 
volume,  as  the  molecular  morphological  constants.  In  regard  to  both 
morphology  and  optics,  the  specific  constants  indicate  the  peculiar 
nature  of  the  NH^  radicle,  whilst  the  molecular  constants  exhibit 
ammonium  in  its  proper  place  in  the  alkali  series,  namely,  immediately 
after  rubidium. 


CV. — Tlie  slow  Oxidation  of  Methane  at  low  Tempera- 
tures,    Part  II. 

By  William  A.  Bone  and  Richard  V.  Wheeleb. 

In  an  earlier  paper  (Trans.,  1902,  81,  535),  we  described  a  series  of 
experiments  on  the  interaction  of  methane  (2  volumes)  and  oxygen 
(1  volume)  in  borosilicate  glass  bulbs  at  temperatures  between  300° 
and  400°,  which  showed  that  part  of  the  methane  was  oxidised  to 
carbon  monoxide,  carbon  dioxide,  and  steam  without  any  liberation 
of  free  hydrogen  or  deposition  of  carbon.  Moreover,  the  process 
was  always  marked  by  a  diminution  in  the  pressure  of  the  cold 
gaseous  products  corresponding  approximately  with  the  oxygen  which 
had  disappeared,  and  at  the  end  of  the  reaction  a  considerable  propor- 
tion of  the  original  methane  always  remained  intact. 

Since,  under  the  experimental  conditions,  the  rate  at  which  hydrogen 
and  oxygen  combine  was  shown  to  be  inappreciable,  and  as  we  were 
unable  to  detect  the  formation  of  any  product  intermediate  between 
the  original  gases  and  the  carbon  monoxide,  carbon  dioxide,  and  steam 
finally  obtained,  we  concluded  provisionally  that  the  first  distinguishable 
stage  in  the  combustion  of  methane  at  low  temperatures  involves  the 
simultaneous  oxidation  of  the  carbon  and  hydrogen  to  carbon  monoxide 
and  steam  respectively,  thus,  2CH4  +  302>-2CO  +  4H,0.  But,  as  was 
then  pointed  out,  this  explanation  did  not  account  for  the  whole  of 
the  observed  facts,  aud  it  could  therefore  only  be  regarded  as  a  first 
approximation  to  the  truth.  In  the  first  place,  on  a  priori  groands,  it 
was  difiicult  to  believe  that  the  primary  reaction  between  methane 
and  oxygen  could  {)08sibly  be  pentamolecular.  A  second,  and  more 
serious,  difficulty  was  the  fact  that  a  not  inconsiderable  proportion  of 
the  carbon  of  the  methane  burnt  always  appeared  as  carbon  dioxide  in 
the  final  products  (in  several  cases,  the  ratio  CO^ :  CO  exceeded  1 :  2,  and 
occasionally  it  approximated  to  1:1).     Now,  since  the  rate  at  which 
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oarboD  ■oaaaride  retoU  with  moiti  ozygtn  or  with  ■team  undar  the 
•zptriaMilAl  eooditioDt  was  thown  to  bt  oigUgiblt  {loe.  oiL,  p.  588), 
ihii  torMiHoa  of  oarboo  dioxide  oould  not  bo  oxpUinod  by  lupposiDg 
IbftI  Iho  oarbon  monoxide  actually  liberated  during  the  primary 
tmMon  waa  suboaqoently  oxidised  through  the  agonoy  of  ateam  and 
oxygeo  or  steam  alooe  (p.  540). 

Sq^  oooddorayoBS  at  Uioso  indicated  the  nsoessity  of  a  closer 
itndy  of  the  phenomena  involved  if  we  were  ever  to  gain  a  clear 
insight  into  the  mechanism  of  the  oxidation  of  hydrocarbons;  the 
p^Ment  paper  on  methane,  and  another  which  we  hope  to  publish 
•hofftly  on  ethane,  will  show  how  far  wo  havo  succeeded  in  this 
direelion. 

Our  earlier  experimental  method  involved  the  use  of  borosilicate 
glaaa  bolbe  of  somewhat  limited  capacity  (70  c.c.) ;  but  whilst  this 
method  afforded  us  the  indispensable  conditions  for  proving  certain 
points  of  fundamental  importance  (for  example,  that  no  free  hydrogen  is 
liberated  daring  the  whole  course  of  the  oxidation),  it  was  not  so  well 
adapted  for  the  detection  and  isolation  of  transient  intermediate  pro- 
doeta,  and  indeed,  as  we  have  already  stated,  the  method  failed  to 
reveal  the  formation  of  any  such  substances.  For  the  second  stage  of 
the  inquiry,  we  devised  an  apparatus  which  has  enabled  us  to  experi- 
ment with  much  larger  volumes  (about  1200  c.c.)  of  the  mixture  of 
methane  and  oxygen,  to  follow  from  day  to  day  the  pressure  changes 
in  the  reacting  gases,  and  to  remove  from  the  sphere  of  action  small 
quantities  of  intermediate  products  before  they  underwent  further 
oxidation. 

The  results  of  these  additional  experiments,  whilst  they  entirely 
confirm  our  previous  conclusion  that  neither  free  hydrogen  nor  free 
carbon  is  produced  at  any  stage  of  the  oxidation,  and  that  the  final 
ptodoets  consist  simply  of  carbon  monoxide,  carbon  dioxide,  and 
■team,  prove  the  transient  formation  of  formaldehyde  as  an  inter- 
mediate prodoct.  In  one  experiment,  for  instance,  13  percent.,  and  in 
another  as  much  as  22  per  cent.,  of  the  methane  burnt  was  accounted 
for  as  formaldehyde  removed  from  the  sphere  of  action  before  it  had 
been  farther  oxidised. 

This  new  observation  not  only  affords  a  simple  explanation  of  the 
production  of  so  much  carbon  dioxide  in  our  earlier  experiments,  but 
it  also  throws  a  new  light  on  the  whole  question  under  discussion,  and 
enables  us  to  arrive  at  a  clearer  understanding  of  the  mode  in  which 
the  methane  molecole  ia<ittaclred  by  the  oxygeo. 

Reviewing  now  the  whole  of  the  evidence  obtained  during  the  coarse 
of  our  investigation,  we  are  jostified  in  concluding  that  the  oxidation 
of  methane  involvea  at  least  two  diatinoi  and  sacoeanve  changes, 
of  a  simple  character,  namely : 
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(1)  The  Bimultaneous  production  of  formaldehyde  and  steam  as  the 
result  of  the  bimolecular  reaction  : 

H  H 

+  0:0   =   H'C:0  +   HjO. 


"V 


(2)  The  subsequent  very  rapid  oxidation  of  the  formaldehyde  to 
carbon  monoxide,  carbon  dioxide,  and  steam.  This  may  be  best  con- 
sidered as  the  result  of  two  simultaneous  reactions,  namely  : 

(a)  the  bimolecuUr  reaction  : 
H 

o:c-H  +  0:0  =  o:c:o  +  h^O; 

(h)  the  tri molecular  reaction  : 

o:c-H  +  0:0  +  H-c:o  =  200  +  2H2O; 

possibly  the  latter  may  involve  the  formation  and  very  rapid  decora- 
position  of  formic  acid,  thus : 

H  H  r     OH  -1 

o:c-H  +  0:0  +  H-6:o=  2Lo:c-hJ  =  2C0  +2H2O. 

For  the  present,  it  must  remain  a  matter  of  conjecture  as  to  whether 
the  precise  mechanism  of  the  primary  oxidation  to  formaldehyde  and 
steam  is  better  represented  by  the  foregoing  equations  or  by  assuming 

9H 
the  formation  and  rapid  decomposition  of  the  hypothetical  H'C'OH, 

thus  : 


H-C-H   +   0:0    = 

II  L    H 


9H    1 

H-(j)-OH     =   H-(j):0   +   H2O, 


botli   atoms  of  the  oxygen  molecule  actually  entering   that  of   the 
hydrocarbon  before  the  elimination  of  steam  occurs. 

It  may  be  remarked  that  the  foregoing  views  not  only  accord  with 
and  explain  all  the  facts  observed  in  the  case  of  methane,  but  are  also 
entirely  confirmed  by  the  results  of  experiments  on  ethane. 

Experimental. 

A.  An  Apparatus /or  tfie  Investigation  qf  Slow  Combustion  Processes.* 

The  apparatus  we  have  devised  for  these  and  other  similar  experi- 
ments is  shown  in  the  accompanying  diagram  (Fig.  1,  p.  1077).     It  is 

*  Two  examples  of  the  circulntion  npparntns  have  boon  installer}  in  our  laborator}' 
ior  UietteexporiiuonU,  and  the  present  dcAciiption  will  anflice  for  reference  in  oiiy 
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essentially  a  closed  system  in  which  the  reacting  gaseous  mixture  can  be 
circulated  continuously  day  and  night,  at  a  practically  uniform  rate, 
over  a  heated  surface  (maintained  at  a  constant  temperature),  and 
afterwards  through  suitable  washing  and  cooling  arrangements  for 
the  removal  of  soluble  or  condensable  intermediate  products.  By 
means  of  a  manometric  arrangement,  the  pressure  of  the  gas  in  the 
apparatus  can  be  recorded  at  regular  intervals,  so  that,  given  regular 
working  conditions,  the  velocity  of  a  given  reaction,  or  group  of 
simultaneous  reactions,  can  be  measured. 

The  more  detailed  description  of  the  various  parts  of  the  apparatus 
will  perhaps  be  made  clearer  if  we  follow  the  course  of  the  gas  round 
the  complete  circuit.  The  starting  point  is  the  glass  globe  A  (capacity 
1200  C.C.),  which  serves  as  a  reservoir  for  the  circulating  gases  ;  in 
the  actual  experiments^  the  globe  always  contained  a  few  cubic  centi- 
metres of  distilled  water,  so  that  the  gaseous  mixture  was  kept 
saturated  with  water  vapour  at  a  temperature  t°,  indicated  by  a 
thermometer  placed  against  the  globe  with  its  bulb  actually  touching 
the  outer  wall.  The  globe  was  carefully  screened  by  asbestos  card- 
board both  from  radiation  from  other  parts  of  the  apparatus,  and  from 
draughts  caused  by  open  doors  or  windows.  On  leaving  the  globe, 
the  gases  traversed  the  Jena  glass  combustion  tube,  BC  (length  75  cm.), 
filled  with  fragments  of  ignited  porous  porcelain  ;  each  end  of  the 
tube  was  drawn  out  to  the  diameter  of  ordinary  quill  tubing  in  such 
a  manner  that  the  narrower  portions  project  several  inches  beyond 
the  bed  of  the  Lothar  Meyer  constant  temperature  furnace  on  which 
the  tube  rests.  The  two  joints,  a  and  6,  connecting  BC  with  the  rest  of 
the  apparatus  were  made  with  very  stout  indiarubber  pressure  tubing, 
the  two  glass  ends  underneath  being  gradually  pushed  together  until 
they  actually  came  into  contact ;  with  these  two  exceptions,  all  the 
other  joints  in  the  apparatus  were  fused  together  by  means  of  the 
blowpipe. 

On  leaving  the  combustion  tube,  the  gases  passed  first  through  the 
glass  worm,  Ej  containing  distilled  water,  and  then  through  the  long 
glass  spiral,  F.  Both  E  and  F  were  surrounded  by  a  water-jacket, 
through  which  a  stream  of  cold  water  was  maintained  throughout  the 
experiment  in  order  to  ensure  the  rapid  cooling  of  the  hot  gases. 
Since  the  mixture  entered  the  combustion  tube  saturated  with  moisture 
at  the  ordinary  temperature,  any  steam  produced  by  the  interaction  of 
the  gases,  as  well  as  any  soluble  or  condensable  intermediate  product 
which  survived  the  passage  over  the  heated  surface,  would  be  condensed 
or  abi$orbed  in  this  part  of  the  apparatus. 

futuro  commanication  wc  may  mako  on  tho  sabject  of  "  slow  combustioa."  It  may 
b«  added  that  tho  apparatus  is  wrll  adapted  for  the  determiDation  of  the  velocity  of 
gMeoQs  reactions,  an«l  ia  now  being  employed  for  this  purpoee. 
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TIm  oooM  gum  pMsed  oowanb  to  the  aatomatio  Spmigvl  pmiip, 
L,  throQffa  Um  trianguUr  amuigemeDt  OIIK,  the  object  of  which 
will  be  tzplaioed  Uler.  The  pamp  deliTered  the  gaeet  into  the  Tertical 
■Maomelric  tobe  if,  standing  over  mercury  in  the  reeeel  N;  theooe 
Ihey  pMMd  forward  throagh  the  horisontal  tube  P,  round  the 
eonre  Q,  past  the  T-pieoe  B,  back  into  the  globe  A,  thus  completing 
the  dremt  A  millimetre  scale  placed  behind  the  manometer  U 
enabled  the  preesure  of  the  moist  gases  to  be  read  at  regular  intervals, 
the  automatic  Sprengel  pump  being  thrown  out  of  action  for  a  moment 
by  shutting  the  tap  p. 

The  apparatus  was  closed  by  the  glass  tap  e,  working  in  a  mercury 
eup  and  sealed  into  the  vertical  branch  of  the  T- piece  R.  On  the 
oUmt  side  of  e  was  sealed  the  glass  T-tap  d,  through  which  com- 
mmkioKtkm  could  be  made  either  with  (1)  the  glass  gas-holder  contain- 
ing the  mixture  to  be  investigated,  or  (2)  an  auxiliary  Sprengel  pump 
(not  shown  in  the  diagram).  This  latter  was  used  either  during  the 
preliminary  exhaustion  of  the  apparatus  or  (if  necessary)  for  the 
removal  of  samples  of  gases  during  the  course  of  an  experiment.  All 
the  joints  between  this  auxiliary  pump  or  the  gas-holder  and  the  tap 
e  were  fused  by  means  of  the  blowpipe. 

As  it  was  necessary,  for  the  complete  success  of  an  experiment,  to 
ensure  a  continuous  circulation  of  the  gases  in  the  apparatus  at  a 
uniform  rate  by  day  and  night,  for,  if  need  be,  many  days  together, 
special  arrangements  had  to  be  made  for  working  the  automatic 
Sprengel  pump  under  constant  conditions  throughout.  For  a  long 
time,  this  constituted  a  serious  experimental  difficulty,  but  happily 
it  was  finally  entirely  overcome.  We  may  briefly  indicate  the  general 
character  of  these  arrangements. 

The  automatic  working  of  the  Sprengel  pump  was  secured  by  means 
of  a  Buneen  water-pump,  the  suction  of  which  was  kept  constant  by 
inserting  an  automatic  pressure  regulator  (the  action  of  which 
depended  on  the  making  and  breaking  of  a  mercury  seal  within 
narrow  limits  of  pressure)  between  the  two  pumps ;  to  this  regulator 
was  attached  a  large  glass  bottle  of  some  20  litres  capacity,  the 
effect  of  which  was  to  keep  the  suction  perfectly  steady.  The  suction 
of  the  water-pump  raided  the  mercury  from  the  glass  trough  SS  up 
the  vertical  tube  /*  to  a  height  a  little  above  the  junction  with  the 
side  piece  y,  which  had  a  capillary  termination.  Mioute  quantities  of 
air  drawn  in  through  this  capillary  broke  the  column  of  mercury  in  F 
into  short  threads  and  dr^jre  them  to  the  bead  of  the  pump.  In  the 
event  of  the  mercury  being  drawn  op  F  fMter  than  it  fell  down  the 
fall-tube  of  the  pump,  the  excess  overflowed  through  the  horisontal 
branch  A  into  the  vertical  tube  k,  which  also  indicated  the  euciioQ  of 
the  water-pump.    At  the  onteet  of  an  experiment,  it  wma  oooasionilly 


1080  KONE    AND    WHEEI.EK:    THE   SLOW   OXIDATION    OK 

necessary  to  start  the  Sprengol  ^uiup  by  a  head  of  mercury  in  the 
funnel  m ;  in  a  few  minutes,  however,  this  was  cut  off  by  the  tap  n 
and  the  automatic  working  started.  The  glass  tap  p  served  to  adjust 
the  rate  of  fall  of  the  mercury  in  the  fall-tube  and  to  throw  the  pump 
momentarily  out  of  action  whenever  the  pressure  of  the  gas  in  the 
apparatus  was  read. 

It  will  be  readily  understood  that  a  continuous  circulation  could 
only  be  maintained  with  an  automatic  Sprengel  of  this  type  so 
long  as  the  pressure  of  the  gas  at  the  top  of  the  fall-tube  kept  below 
a  certain  limit,  in  this  particular  case  about  600  mm.  In  order  that 
we  might  have  higher  pressures  than  this  in  the  main  apparatus,  and 
still  ensure  continuous  and  satisfactory  working,  wo  adopted  a  device 
represented  by  the  triangle  GJIK.  Into  each  of  the  sides  G//,  //A", 
was  sealed  a  length  of  very  fine  capillary  tubing,  whilst  a  perfectly  free 
passage  was  allowed  through  the  base  GK.  By  closing  the  tap  e,  the 
circulating  gases  were  compelled  to  pass  through  the  capillaries,  so 
that,  although  the  pressure  in  tho  main  apparatus  might  be  nearly 
atmospheric,  a  low  pressure  could  be  maintained  between  K  and  the 
top  of  the  fall-tube  of  the  automatic  Sprengel  pump.  By  opening  «, 
the  capillaries  could  be  thrown  out  of  circuit  and  the  gases  allowed  a 
free  passage  through  GK. 

The  total  capacity  of  the  apparatus  was  about  1450  to  1500  c.o.,  and 
when  filled  under  600  mm.  pressure  it  contained  1150  to  1200  c.c.  of  the 
mixture  under  examination  (measured  under  atmospheric  pressure).  It 
may  be  understood  that  the  speed  at  which  the  mixtures  were 
circulated,  although  constant  throughout  a  given  experiment,  varied 
in  different  experiments  and  was  such  that  the  whole  gaseous  mixture 
would  complete  a  circuit  once  in  1  or  2  hours,  each  portion  of 
the  gases  probably  remaining  about  3  to  6  minutes  in  the  combustion 
tube  during  each  cycle ;  these  times  represent,  approximately,  tho 
maximum  and  minimum  speeds  respectively. 

Method  of  Conducting  an  Experiment. — At  the  outset  of  an  experi- 
ment, the  apparatus  was  thoroughly  exhausted,  the  tube  BG  being 
heated  to  between  250°  and  300°  in  order  to  expel  all  air  enclosed  in 
the  pores  of  the  porcelain  it  contained.  All  permanent  gas  having 
thus  been  withdrawn  from  the  apparatus,  the  pumps  were  stopped,  the 
furnace  turned  out,  and  the  whole  allowed  to  remain  for  at  least  12 
hours  in  order  to  test  the  tightness  of  taps  and  the  two  joints  a  and  6. 

The  gaseous  mixture  under  investigation  was  then  slowly  admitted 
into  the  apparatus  from  the  holder  until  the  desired  pressure  (usually 
a  little  over  600  mm.)  was  attained.  The  tap  C  was  then  closed  and 
tho  mixture  circulated  in  the  cold  for  12  hours  in  order  that  it  might 
become  thoroughly  saturated  with  water  vapour  at  the  temperature  (<°) 
of  the  room,  and  that  all  adjustments  necessary  for  the  regular  and 
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oontiDQoiu  working  of  the  autoiQAtie  Sprtogel  pump  might  he 
A  sample  of  the  mixture  wm  then  withdrawn  for  analjidi  through  the 
iiuziliery  Sprengel  pump,  after  which  the  preetore  of  the  oold  motet 
{^as,  at  the  room  temperature  (<°),  was  finally  taken.  The  furnace  wae 
lighted  and  oorered  hy  an  ashestoe  screen  (indicated  by  dotted  lines  in 
t  he  diagram) ;  the  gas  supply  of  the  furnace  passed  through  a  Stott's 
^vemQr,  and  a  prscttcally  constant  temperature  (7*^  in  the  combus- 
tion tube  could  be  maintained  throughout  an  experiment.  As  soon  as 
the  furnace  had  acquired  the  desired  maximum  temperature  (7^, 
whieh  was  recorded  by  a  Geissler  mercurial  thermometer  filled  with 
nitrogen  under  pressure  and  graduated  up  to  550°,  all  the  screens 
were  finally  adjusted  in  position  and  the  pressure  of  the  moist  gas  in 
the  apparatus  again  determined.  The  experiment  was  then  allowed 
to  run  its  course  through  many  consecutive  days,  pressure  and  tem- 
perature records  being  taken  at  regular  intervals  until  it  was  thought 
i  it  the  reactioii  had  gone  far  enough.  Finally,  the  furnace  was 
.utiied  out,  the  screens  removed,  and  the  whole  apparatus  allowed  to 
cool  down  during  several  hours  to  the  room  temperature.  The  pressure 
of  the  cold  moist  gas  was  again  determined,  samples  of  the  gaseous  pro- 
duct being  subsequently  withdrawn  for  analysis  through  the  auxiliary 
Sprengel  pump.  Lastly,  the  worm  E  and  spiral  F  were  removed  and 
the  contents  examined. 


B.     Details  of  Experiments. 

The  methane  was  prepared  by  the  action  of  an  aluminium  mercury 
couple  on  a  solution  of  methyl  iodide  in  methyl  alcohol,  and  purified 
according  to  the  method  described  in  our  previous  paper  (loc.  eit.,  p.  54 1 ) ; 
great  care  was  taken  to  ensure  the  complete  removal  of  last  traces  of 
free  hydrogen  by  repeatedly  passing  the  gas  over  oxidised  palladium 
sponge  at  100°. 

The  oxygen  was  obtained  by  heating  potassium  permanganate  in 
small  glass  bulbe ;  it  was  washed  through  strong  caustic  potash  solu- 
tion. The  mixtures  were  made  in  graduated  glass  holders  over  strong 
sulphuric  acid. 

let  Experiment — ^This  extended  over  24  consecutive  days,  during 
which  the  furnace  temperature  only  varied  between  450°  and  455°. 
Leaving  out  of  the  reckoning  a  small  percentage  of  nitrogen,  the 
originiil  mixture  had  the  percentage  eompoeition :  *  methane,  66'45  ; 
oxygen,  33  55.  • 


*  Ib  onlcr  to  iMke  all  ■sasunoMBta  in  the  rarioes  experioMaU  slrietly  com- 

pvablo  we  piopoaa,  thiM^iaat  tide  paper,  at  in  nor  lairt  eoaiaaBiflatioa,  to  t sprats 

tho  eompositioiM  of  the  varioiu  gMSOua  mixtoras  and  alao  all  pre«are  raeorda,  hi 

tenna  of  the  'nilrogaa  fine'  CMaa    Siaoo  ia  aoalyatng  the  gaaea  the  nitrogaa 
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The  speed  of  circulation  was  slow,  the  capillaries  in  the  triangle 
GHK  being  in  circuit  the  whole  time.  The  daily  records  showed  a 
continuous  fall  of  pressure  in  the  reacting  gases,  but  owing  to  small 
variations  in  the  rate  of  circulation  (this  was  the  first  experiment  made 
with  the  apparatus)  the  daily  fall  of  pressure  was  not  quite  so  regular 
as  in  the  subsequent  experiment.  However,  during  a  period  of  several 
days,  any  small  variations  in  the  speed  of  circulation  ceased  to  affect  the 
general  result,  and  the  pressure  falls  over  successive  intervals  of  2  or  3 
days  were  quite  regular.  We  need  only  record  the  corrected  pressures 
for  the  dry  *  nitrogen  free  '  gas  at  the  outset  of  the  experiment,  and  at 
the  end  of  8,  16,  and  24  days  respectively. 


Time  in 

days  from 

comiueucement. 

Pressure  of  d; 

*  nitrogen  free ' 

at  0°  in  mm. 

ry              Corrected 
gas         pressure  fall 
in  mm. 

Pcrceutag( 
pressure 
fall. 

0 

8 

16 

24 

591-4| 
536-6J 
4900/ 
452-o} 

54-8 
46-6 
380 

9-25 
7-90 
6-45 

Totals  139-4 

23-60 

The  residual  '  nitrogen  free '  gases,  analysed  according  to  the  method 
described  in  our  previous  paper  (loc,  cit.,  p.  545),  had  the  following 
percentage  composition  : 

Carbon  monoxide  4*46    I    Methane    70  40 

Carbon  dioxide  9*84    I    Oxygen 15-30 


100-00 

The  ratio  C/A,  determined  by  exploding  the  residual  gas,  after  re- 
moval of  the  oxygen  and  the  oxides  of  carbon  with  excess  of  oxygen 
and  air,  was  exactly  2*00,  proving  the  entire  absence  of  free  hydrogen 
in  the  products. 

The  presence  of  so  large  a  proportion  of  carbon  dioxide  in  the 
products  is  partly  due  to  the  circumstance  that  carbon  monoxide  and 
moist  oxygen  react  under  the  experimental  conditions  (see  footnote, 
p.  1085). 

We  may  now  examine  how  far  these  gaseous  products  account  for 
the  methane  and  oxygen  originally  introduced  into  the  apparatus ;  this 
may  best  be  done  by  comparing  the  partial  pressures  of  the  methane 
and   oxygen    in   the    original    mixture    with  the    partial   pressures 

wu  in  each  cue  dotormincd  '*  by  diflbrence,"  after  all  other  oonatitaenta  had  boon 
eetinmte*!,  the  numbers  for  the  percentage  compositions  of  onr  'nitrogen  free'  pnn 
will  nlwnys  ndd  up  to  100  exactly. 
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of    the  Tariotts  goeoos  produoU  at  the  md  of  Uia  •zptrim«Dt,  at 
foUowa : 


of  ■i»tliMW  and  oxjgrn  in  onginm  mixtora. 
■ua.  mn. 

-  591 -4    X   0-6645   -   3931. 
Oxjgnk     -  591*4    X    03355   -    198*3. 

Cofftatpoading  with  mm.  of 
IHtftuI  imwm  of  the  prodocU.  c  or  gin* 

mm.  Methane  Oxv^rn 

CO  -  453  X  0-0446  -    20-15 2015    30  JO 

CO,  -  452  X  0-0984  -     4445 44  45  -s  yo 

CH^  -  452  X  07040  =  318-20 31820    — 

O,  -  452  X  0-1530  =     6920 —        6920 

382-80  188-30 

Hence,  of  the  methane  (393-1  mm.)  and  oxygen  (198-3  moL) 
originally  introduced  into  the  apparatus,  only  382*8  mm.  of  methane 
and  188*3  mm,  of  oxygen  respectively  are  accounted  for  in  the 
gaseous  prodactp.  The  natural  inference  is,  therefore,  that  practically 
equal  volumes  (CH^=  10*33  mm.,  O=«10  mm.)  had  reacted  to  form 
some  soluble  or  condensable  intermediate  product.  This  first  led  us 
:  o  suspect  the  formation  of  formaldehyde  by  the  interaction  of  equal 
volumes  of  the  original  gases,  thus,  CH^  +  Oj  *  CHjO  +  H,0. 

The  liquid  in  the  worm  B  at  the  end  of  the  experiment  was  neutral 
to  litmus,  but  on  testing  it  with  a  solution  of  rosaniline  hydrochloride 
prerioiialy  decolorised  by  sulphurous  acid  a  very  pronounced  aldehyde 
reftetioti  was  obtained.  Hence,  we  may  conclude  that  of  the  75  mm. 
of  original  methane  which  the  foregoing  numbers  show  had  been 
oxidised  during  the  experiment,  10  mm.,  or  over  13  per  cent.,  were 
aooounted  for  as  formaldehyde. 

2nd  Xxperiment, — This  was  perhaps  the  best  we  have  made  with 
methane  and  oxygen  ;  it  extended  over  10  days,  during  which  time  the 
rate  of  circulation  was  practically  constant  throughout.*  At  the  end  of 
tlM  experiment^  nearly  the  whole  of  the  original  oxygen  had  disappeared. 

The  original  mixture  contained  some  0*8  per  cent,  of  nitrogen,  but 
leaving  this  out  of  the  reckoning  its  percentage  composition  was 
methane,  66*5  ;  oxygen,  33*5. 

The  prcesnre  of  the  cold  dry  '  nitrogen  free '  mixture  charged  into 
the  circulation  apparatus  %a8  513  mm.  at  16^.     After  ascertaining 

*  Tho  imU  of  diaUatioa  in  this  •zperiment  wu  approximately  twiot  ss  graat  as 
that  mainfainirf  dariqg  tibe  fiat  axpmBMit ;  the  temperature  of  the  eombattkm 
tube  was  also  Ughar.  Thasa  two  afwwiaatinciea  aecooot  for  th«  more  rapid  oxidation 
DbserTed  ia  the  saeoad  tzpariiMat 

4  0  3 
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this  pressure,  the  furnace  was  lighted  and  the  temperature  of  the 
combustion  tube  raised  during  the  first  3  or  4  hours  to  460°,  and 
afterwards  to  just  above  500° ;  during  the  remainder  of  the  experi- 
ment, the  furnace  temperature  only  varied  between  497°  and  510°. 
The  following  were  the  daily  records  taken  : 


D.y. 

Temperature  of 
combustion  tube, 

r. 

Temperature  of  gas 
in  globe  A. 

Corrected  pressure  of 

dry  '  nitrogen  free ' 

gas  at  22». 

mm. 

0 

460* 

22  0° 

554-7 

1 

610 

24-6 

482  3 

2 

610 

228 

462-8 

610 

220 

439-7 

606 

230 

424-0 

498 

28  6 

411-7 

498 

24-6 

395-3 

498 

25-7 

384-9 

497 

22-8 

375-7 

497 

22-0 

367  0 

10 

498 

24-2 

350-0 

The  pressure  curve  (ordinates  =  pressures,  abscissae  =  time  in  days) 
for  this  experiment  (Fig.  2,  p.  1085)  shows  how  regularly  and  continuously 
the  pressure  diminished  throughout ;  the  proportionately  larger  falls 
observed  during  the  first  and  tenth  days,  respectively,  are  to  be 
attributed  to  a  slight  acceleration  in  the  rate  at  which  the  gases  were 
circulated  over  the  heated  surface. 

The  pressure  of  the  cold  dry  *  nitrogen  free '  products  after  the 
furnace  had  been  put  out  and  the  apparatus  allowed  to  cool  down  to 
the  room  temperature  was  335-9  mm.  at  16°.  Hence,  the  total  diminu- 
tion of  pressure  of  the  cold  dry  gas,  at  16°,  during  the  experiment 
was  (513 — 335-9)=  1771  mm.  or  34-5  per  cent.  This  alone  is  sufficient 
to  prove  the  formation  of  some  condensable  or  soluble  intermediate 
product,  for  had  the  whole  of  the  oxygen  originally  present  reacted 
with  methane  to  form  CO2  and  steam  (and  the  analysis  of  the  product 
indicated  that  a  portion  of  the  original  oxygen  remained  over),  the 
diminution  of  pressure  would  only  have  been  33*5  per  cent. 

Three  very  concordant  analyses  of  the  gaseous  products  showed 
that  the  '  nitrogen  free '  gas  contained  : 

Oarbon  monoxide    0 '50  I  Oxygen    416 


Carbon  dioxide   1 9*85  I  Methane 


75-50 


10000 

The  ratio  CjA^  found  by  exploding  the  residual  gas,  aft^r  removal 
of  COg,  CO,  and  oxygen  with  excess  of  oxygen  and  air^  was  1  '992, 
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lOHA 


agmin  proviaf  Um  Mitire  absMiM  of  free  hjdrogMi  in  Ui«  prodooU.  In 
thitf  inalaDOt,  aIm,  it  thould  be  poinUd  out  that  the  axtramelj  large 
ratio,  00|/00,  in  the  gaaeoiu  producta  is  largely  due  to  the  faot  that 
oarbon  monoxide  and  oxygen  oombino  quite  readily  at  500°  under  the 
•zperimental  conditions.* 
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tkui^  prwttun /aU  in  tiu  mwterv  aCH4-fOt  whm  drmtmttd 
•  mmfam  mmiutnimti  mt  600*  (meomd  txptrimmt). 


Gomparing  now,  as  in  the  caae  of  the  first  experiment,  the  partial 
poMinron  of  the  original  mixture,  ae  introduced  into  the  apparatus, 

*  Thst  this  is  w  v«  hare  prored  diracUy  by  ezamining  motsi  mixtiirM  of  carbon 
moDozido  (S  Tola.)  aad  oxygon  (1  rot)  io  the  circuIatioB  appsntaa,  the  ftoMporotino 
of  tho  eoMbutioB  tabt  b^  Inpi  eoostant  at  450*,  sad  aay  oarbon  dioxido  bting 
abooibod  aa  faat  aa  it  waa  prodneid  by  a  aoitablo  aboocbant  ia  the  vona  B.  In  one 
expanmaut,  nearly  80  per  cent,  of  the  mtztiire  ooabiaad  ia  oigbt  daya.  We  are 
DOW  inreatifatii^  the  Toloeity  of  the  reaettoo  with  a  viaw  to  detatmiaiag  ita  order 
andebuaetci^  Tha corvoa ebtaiaad isdkato  tlMt  the  folooity ia aosdy proportional 
to  the  pwaauie  of  the  naeliag  aixtiuo.  Wo  hope  before  long  to  eo«Biuiicate  the 
detailaof 
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with  those  of   the    fiual  gaseous  products,  we  obtain  the  followiog 
numbers : 

Partial  pressures  for  original  mixture  (nitrogen  free). 
Methane  =  513  x  0665  =  341  1  mm. 
Oxygen     =  513   x  0335  =  171-9     „ 

Corresponding  with  mm.  of 
the  original 

Partial  pressures  of  gaseous  products.  ,, *  s 

mm.                    Methane.  Oxygen. 

CO  =  335-9  X  0-005     -       1-7 17   2-5 


COg  =  335-9   X   01985  =     666 66-6  133-2 

Og  -  335-9  X  00415  =     140: —      14-0 

CH.  =  335-9  X  0-7550  =  2536 253-6   — 


321-9  1497 

Thus,  out  of  the  341*1  mm.  of  methane  and  171-9  mm.  of  oxygen 
originally  introduced  into  the  apparatus,  only  321-9  and  149*7  mm., 
respectively,  are  accounted  for  in  the  gaseous  products.  The  remain- 
ing 19-2  mm.  of  methane  and  22*2  mm.  of  oxygen  (again  nearly  equal 
volumes)  must  have  reacted  forming  soluble  *  intermediate '  products. 
This  would  represent  no  less  than  22  per  cent,  of  the  methane  burnt. 

The  liquid  in  the  worm  E  was  found  to  be  distinctly  acid  to  litmus ; 
it  had  a  pronounced  aldehydic  smell,  and  instantly  restored  the 
magenta  colour  to  a  solution  of  rosaniline  hydrochloride  previously 
decolorised  by  sulphurous  acid.  With  a  solution  of  /)-bromophenyl- 
hydrazine  acetate  in  dilute  acetic  acid,  it  gave  an  immediate  canary- 
yellow  precipitate  of  a  bromohydrazone,  which  proved  to  be  identical 
with  that  prepared  directly  from  a  dilute  solution  of  formaldehyde. 
The  acidity  of  the  liquid  may  be  attributed  to  the  presence  of  a  small 
quantity  of  formic  acid,  the  formation  of  which  would  also  explain 
why  rather  more  of  the  oxygen  than  of  the  methane  of  the  original 
mixture  was  unaccounted  for  in  the  gaseous  products  (see  previous 
paragraph).  We  cannot  say  definitely  whether  the  formic  acid  was 
due  to  the  further  oxidation  of  formaldehyde  vapour  in  the  heated 
tube  or  of  liquid  formaldehyde  in  the  worm.  It  may,  however,  be 
pointed  out  that  no  formic  acid  was  produced  in  the  first  experiment, 
where  the  rate  of  circulation  was  much  slower,*  and  that  in  neither 
experiment  could  we  detect  any  formation  of  methyl  alcohol.  The 
proportionately  larger  amount  of  formaldehyde  found  in  the  second 
experiment  (22  per  cent,  of  the  methane  oxidised,  as  compared  with 

*  This  fact  favours  the  view  that  the  formic  acid  detected  in  the  teoond  experi- 
ment originated  in  the  hot  combustion  tube. 
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onlj  IS  p«r  oont.  in  the  first  •zperiment)  ii  undoubtedly  due  to  the 
r.ipid  rate  at  wlileh  ibe  reacting  gaaee  were  circulated  over  the  heated 
surface,  and  afterwmrda  through  the  water  in  the  worm  and  ipiral. 

Other  similar  experiments  with  methane  and  oxygen  have  been 
made  at  various  times,  but  since  the  results  are  identical  with  the 
foregoing,  they  need  not  be  further  described.  In  no  case  was  there 
any  tlgnrof  a  deposition  of  carbon  or  liberation  of  free  hydrogen,  and 
they  were  all  characieriMd  by  a  continuous  and  reguUtr  diminution  of 
presure.  and  by  the  formation  of  formaldohydo. 

ii*  was  just  possible  that  this  formaldehyde  might  have  been  pro- 
duced by  the  rapid  combination  of  carbon  monoxide  and  free  hydrogen 
liberated  in  a  primary  reaction  of  the  following  type :  CH^  +  O,  — 
CX)  +  H,  +  H,0,  followed  by  CO  +  H,  =  CH,0.  This,  of  course,  could 
only  be  the  case  did  carbon  monoxide  and  hydrogen  combine 
with  a  velocity  infinitely  great  as  compared  with  the  oxidation 
velocity  of  methane  or  of  formaldehyde,  since  no  free  hydrogen 
was  ever  found  in  the  final  products.  We  therefore  circulated  a 
mixture  of  equal  volumes  of  carbon  monoxide  and  hydrogen  in  the 
apparatus  for  2  days,  the  furnace  being  maintained  at  temperatures 
ranging  between  460*^  and  480°.  The  results  were  entirely  negative ; 
no  change  in  the  pressure  of  the  mixture  was  observed,  and  not  a  trace 
of  formaldehyde  was  produced.  Hence  the  view  of  the  formation  of 
formaldehyde  just  indicated  is  inadmissible. 

These  experiments  are  being  extended  to  other  hydrocarbons  (ethane, 

propane,  ethylene,  acetylene,  &c.)  in  the  hope  that  by  a  thoroughly 

matic  examination  of  tjrpical  cases,  suflicient  data  may  in  time  be 

.^Ululated  to  justify  a  general  theory  of  the  mechanism  of  the  oxida- 
ion  of  hydrocarbons. 

In  conclusion,  we  desire  to  express  our  indebtedness  to  the  Govern- 
ment Grant  Committee  of  the  Royal  Society  for  grants,  which  have 
materially  helped  us  to  meet  the  expenses  of  these  researches. 

Thb  Owbiis  Oollbob^ 
UAXcamtntu 
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CVI. — The  Mechanism  of  Combustion. 

By  Hbnby  E.    Armstrong. 

The  proof  given  by  Dr.  Bone  and  Mr.  Wheeler  that  formaldehyde  is 
a  product  of  the  interaction  of  moist  gaseous  ozygen  and  methane, 
consequently,  that  the  process  of  combustion  is  of  the  same  nature  in 
the  gaseous  as  in  the  liquid  state  when  complex  oxidising  agents  are 
used,  appears  to  be  of  crucial  importance.  It  affords  the  opportunity 
which  I  have  long  awaited  of  effectively  considering  the  arguments 
advanced  by  Prof.  H.  B.  Dixon  in  his  paper  on  "  The  mode  of 
formation  of  carbonic  acid  in  the  burning  of  carbon  compounds" 
(Trans.,  1896,  69,  774) — in  which  views  expressed  by  me  at  various 
times  *  on  the  subject  were  referred  to  and  more  or  less  traversed — and 
of  formulating  a  series  of  propositions  of  general  application  to  com- 
bustion and  similar  phenomena. 

If  Dixon,  in  the  paper  referred  to,  does  not  display  disbelief 
in  what  may  be  termed  an  electrolytic  explanation  of  the  phenomena, 
he  at  least  has  difficulty  in  understanding  the  nature  of  the  process 
and  its  exact  application.  This  is  shown,  for  example,  by  the  manner  in 
which  he  refers  (on  p.  777)  to  the  possibility  of  some  interactions 
occurring  independently  of  electrolytic  action. 

It  seems  to  me  to  be  necessary  to  regard  all  the  phenomena  from 
one  point  of  view  and  to  assume  that  chemical  interchange  and 
electrolysis  are  interchangeable  equivalent  terms.  Looked  at  in  this 
manner,  oxidation  is  an  indirect  process,  inasmuch  as  the  oxygen  used 
is  only  indirectly  incorporated  with  the  oxidised  material,  the  oxida- 
tion taking  place  in  a  circuit  composed  of  the  oxidisable  substance, 
eondiLCting  water  t  and  oxygen,  this  last  playing  the  part  of  depolar- 
iser — for  example,  in  the  manner  depicted  broadly  in  the  equation : 

H,  I  OH,  I  O,  -   H,0  I  H,0, 

The  view  put  forward  by  Traube  that  hydrogen  peroxide  is  invari 
ably  a  product  of  such  interactions  finds  expression  in  this  equation. 
Besides  being  supported  by  a  large  amount  of  experimental  evidence, 
this  hypothesis  has  much  to  recommend  it  as  a  rational  explanation, 

*  ProoeediDgi,  1886,  89;  1892,  22.  Traos.,  1886,  49,  112;  1896,  67,  1122. 
Free,  Rvy.  Soe.,  Brit.  Aa$oc.  HepoH,  1886,  962  ;  1886,  40,  287 ;  1902,  70,  91). 
Naturt,  1898,  40,  100. 

i  It  must  not  l)o  forgotton  that  water  alone  cannot  act  as  the  electrolyte  :  it  l.s  t' 
be  aoppoeed,  especially  in  view  of  the  crucial  observatious  uiado  by  H.  IV 
(Trau«.,  1902,  80,  400.    Compare  Proc  Boy.  Hoc.,  1902,  70,  99),  that  acorn. 
elootrolyto  it  always  formed  by  the  association  of  (the  water  with  another  i>eeudo 
dielectric  (tisnally  present  as  an  imparity). 
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e«|ieci«lly  an  it  retluoas  tho  number  of  molfeules  required  for  an  olToc- 
tive  conjunction,  thuK  dimininhing  a  difficulty  on  which  Dixon  han 
dwelt  {ioe,  ett,  p.  777). 

It  is  scarcely  neoeesary  to  point  out  what  would  bo  tho  fate  of 
hydrogen  peroxide  if  formed  in  the  manner  supposed :  in  part,  at 
least,  it  would  undergo  deoompoeition  by  heat  but  it  might  also  aet 
\  II  part  a9  depolariser : 

II,  I  OH,-0,H,  I     -     H,0  I  H,0  I  H,0  | 

MendeUeff  has  already  called  attention  to  the  fact  that  when 
regarded  from  the  above  point  of  view,  the  formation  of  wator  in  an 
oscillatory  process.* 

Even  in  the  case  of  the  combustion  of  hydrogeni  it  is  open  to  qucs* 

tioD  whether  the  molecule  undergoes  oxidation  directly  or  whether 

the    process  is  one  of  hydroxy lation  :    whether  oxygen   is   directly 

' '    '  '    the  molecule  or  not.     In  the  latter  case,  the  process  may  be 

od  somewhat  as  follows  : 


HOH 

H-O-H 

HH 
0:0 

.        H     H 

6  •  0 

The  answer  given  to  such  a  question  must  depend  on  the  view  taken 
ns  to  the  manner  in  which  water  is  affected  on  electrolysis ;  much  is 
to  be  said  in  favour  of  the  hydroxylation  hypothesis  :  I  prefer  it. 

Whatever  be  the  precise  nature  of  the  oxidation  process,  however, 
in  view  of  Bone  and  Wheeler's  observations,  it  may  be  supposed  that 
the  hydrocarbon  molecule  is  oxidised  in  a  series  of  independent  con- 
st tutive  operations,  neither  hydrogen  nor  carbon  being  burnt  prefer- 
entially, in  which  the  oxygen  is  gradually  introduced  into  the  molecule 
and  distributed  between  the  carbon  and  hydrogen  (compare  Proc., 
1892,8,  22). 

*  This  opiiiion  [that  in  the  oomboition  of  hydrogen  with  ozygen,  hydrogen  per* 
oxide  IB  fint  formed,  which  is  deeompoeed  by  the  heat  erolved  into  water  or  oxygen, 
which  I  hare  alwayi  held  aiuoe  the  first  edition  of  this  work]  as  to  the  primary 
origin  of  hydrogen  peroxide  sad  of  the  formation  of  water  by  means  of  its  deeom- 
poaiUon  has  reeentiy  been  mora  gvierally  accepted,  thanks  mora  ospeeially  to  the 
work  of  Tranbe.  Probably  it  explains  most  simply  the  necessity  for  the  prassnce  of 
traces  of  water  in  many  reactions,  ss,  for  insUnoe,  in  the  explodoD  of  earboafe  oxide 
with  oxygen,  and  perhaps  the  theory  of  the  explosbn  of  detonating  gas  itself  sad 
of  the  combostioB  of  hydrogen  will  gain  in  eleanMSs  and  tnith  if  the  preliminary 
formatioii  of  hydrogen  peraddtfnd  its  dwxinpoiitioB  be  taken  into  nowidsratioB. 
I  may  here  point  ont  the  fMt  that  Kttingea  (at  Dorprt,  18M)  oboenred  Um  existMce 
of  corrents  and  wares  in  the  esploiioa  of  dslenatiag  gM  by  taking  photographs 
which  showed  periods  of  oomhoslioB  and  the  waves  of  explosion  which  thonld  be 
taken  into  considerataon  fai  the  theory  of  thb  snbject  {Prinriylrt  </  ChemiMry,  2ad 
English  edition,  I,  S12). 
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But  inasmuch  as  changes  take  place  under  the  influence  of  the  heat 
developed,  whereby  the  more  or  less  immediate  products  of  oxidation 
are  decomposed,  products  may  come  into  existence  which  are  only  in- 
directly related  to  the  substance  originally  attacked.  To  quote  Sir 
G.  G.  Stokes,  "  We  must  carefully  distinguish  between  the  changes 
which  take  place  in  the  partial  combustion  of  a  molecule  and  those 
which  are  produced  in  neighbouring  molecules  as  a  result  of  the  heat 
thus  produced."  Otherwise  stated,  we  have  to  distinguish  between 
exothermic  and  endothermic  changes. 

In  the  case  of  methane,  the  following  primary  changes  probably  all 
take  place  as  the  oxidation  of  the  molecule  proceeds : 


1. 

CH,           + 

OH^-Oj     =     CH,0 

+ 

HA 

2. 

0H8(0H)   + 

OH^-Oj     =     CH.Oj 

+ 

HA 

3. 

CH2(OH)2  + 

OHg-Og     =     CH.Og 

+ 

HA 

4. 

CH(0H)3    + 

OH^-O^     =     CH,0, 

+ 

HA 

It  is  not  to  be  supposed  that  oxidation  is  effected  entirely  in  accord- 
ance with  this  scheme.  The  formaldehydiol,  produced  at  stage  2,  in 
some,  if  not  in  large,  part,  is  perhaps  at  once  resolved  into  water  and 
formaldehyde  j  the  latter  then  undergoes  conversion  into  formic  acid  : 

5.  CH2(OH)2  =     CH2O       +     OHj 

6.  GKfi  +  OH^'O^     =     CH2O2     +     H^Oj 

The  same  argument  applies  with  greater  force  to  the  formacid- 
hydrol  produced  at  stage  3  ;  perhaps  the  greater  part  of  the  carbonic 
acid  is  produced  by  the  oxidation  of  formic  acid  : 

7.  H-COaH     +     OHj-Oj     -     C0(0H)2     +     HA 

The  production  of  carbon  monoxide  may  be  ascribed,  at  least  in 
large  part,  to  the  occurrence  of  the  simple  heat  change  : 

8.  H-COjH     -     CO     +     OH, 

But  it  is  conceivable  that  carbon  monoxide  may  also  be  formed  in 
part  by  the  decomposition  of  formaldehyde : 

9.  COH,     -     CO  +  H, 

Whether  and  to  what  extent  and  under  what  conditions  both  of  these 
changes  take  place,  experiment  alone  can  decide. 

Whichever  view  be  taken,  carbon  monoxide  is  a  secondary  produoty 
not  a  direct  product  of  the  oxidation  of  the  hydrocarbon  nor  of  any 
preferential  oxidation  of  the  carbon. 

If  the  oxidation  of  carbon  monoxide,  whether  by  means  of  moist 


\ 
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ozyfeo  or  of  sUmii  alone,  be  pictured  aa  id  vol  nog  the  prior  formatioD 
of  formic  aoid,  it  is  pomible  to  explain  the  fact  that  tho  oombuttioo 
of  carbon  monoxide  it  eo  moch  dependent  on  the  preeence  of  a  ooniader- 
able  proportion  of  water  molecules ;  at  elevated  tcmperaturee»  change 
would  proceed  only  very  partially  in  the  direction : 

10.  CO +  011,     -->     H-CO,U 

oooMqnenily  a  considerable  preponderance  of  water  molecules 
would  be  required  to  favour  change  in  this  direction.  I  think  this 
argument  must  now  outweigh  that  put  forward  by  Dixon  in  1886 
(Trans.,  40,  106). 

Assuming,  however,  (hat  formic  acid  is  produced  by  the  interaction  of 
carbon  monoxide  and  steam,  it  is  open  to  question  whether  the  carbon 
dioxide  and  hydrogen  which  are  the  ultimate  products  of  change  at 
high  temperatures  are  produced  simply  by  the  decomposition  of  the 
formic  add: 

11  co,n,    «    CO,+H, 

or  whether,  oeanng  m  mind  the  readiness  with  which  formates  yield 
oxalates,  oxalic  acid  and  hydrogen  are  not  formed  at  an  intermediate 
sUge  : 

12.  2H-C0jH     -     CjO^Hj  +  H, 

We  need  to  use  methods  such  as  Devilie  and  Dewar  have  introduced 
of  studying  dissociation  phenomena  at  high  temperatures  to  solve 
problems  such  as  these. 

Bone  and  Wheeler  are  apparently  inclined  to  regard  formaldehyde 
as  an  initial  product  of  change  produced  by  the  incorporation  of  a 
single  molecule  of  oxygen  into  the  methane  molecule.  Not  only  is  this 
interpretation  open  to  question  from  the  point  of  view  here  taken  as 
to  the  nature  of  the  primary  process  of  oxidation  ;  it  is,  perhaps,  alfo 
open  to  question  because  it  involves  the  assumption  that  the  molecule 
is,  as  it  were,  attackable  from  two  sides  at  onca  The  discussion  of 
this  issue  will  be  of  importance  at  some  future  date  ;  I  refer  to  it  now 
mainly  in  order  that  the  importance  may  be  apparent  of  experiments 
devised  to  test  whether  methyl  alcohol  be  not  discoverable  among  the 
products  of  the  gradual  oxidation  of  methane. 

Dixon  has  specially  called  attention  to  the  behaviour  on  combustion 
of  cyanogen.  As  he  has^own,  this  bums  preferably  to  carbon  mon- 
oxide, although  if  sufficient  oxygen  be  present  it  bums  to  carbon 
dioxide.  It  would  seem  now  to  be  no  more  difficult  to  interpret  the 
behaviour  of  this  gas  than  that  of  hydrocarbons.     The  combustion 
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may  be  assumed  to  take  place  gradually,  more  or  less  in  a  manner  to 
give  rise  to  a  series  of  oxidation  jn-od/ucls  si  ch  as  the  following : 

13.  N:C-C:N     :N-C0-C:N     :N-C0-C0-N:     CO-CjlJO 

N=N 

In  the  absence  of  oxygen,  the  cycloid  thus  formed  decomposes 
(explodes)  into  nitrogen  and  carbon  monoxide ;  but  if  oxygen  be  pre- 
sent in  excess,  it  is  either  directly  oxidised  or — which  is  perhaps  more 
probable — the  carbon  monoxide  formed  by  its  decomposition  undergoes 
oxidation  in  the  nascent  state.  It  is  to  be  supposed  that  moisture 
must  be  present  but  that  a  very  minute  proportion  suffices,  cyanogen 
being  far  more  sensitive  to  attack  than  carbon  monoxide. 

The  action  of  steam,  as  well  as  of  moist  oxygen,  on  carbon  and  the 
preferential  formation  of  carbon  monoxide  by  the  combustion  of  carbon 
may  be  explained  from  a  similar  point  of  view.  The  carbon  molecule 
is  undoubtedly  a  complex  structure,  probably  of  the  benzenoid  type 
(compare  Encyc.  Brit.  Sup.^  vol.  II,  732).  It  appears  probable  that  when 
subjected  to  the  action  of  water  at  a  high  temperature,  each  element 
of  the  complex  sooner  or  later  associates  itself  with  a  water  molecule  ; 
the  compound  thus  formed  subsequently  breaks  up  into  carbon 
monoxide  and  hydrogen  : 

14.  C   +   OH2   =   CH-OH   «   CO   +H, 

In  presence  of  oxygen,  the  action  proceeds  a  stage  further,  giving 
rise  to  a  compound  which  breaks  down  into  carbon  monoxide  and 
water  : 


15. 


CH-OH   +  OHj-Oj   =   C(0H)2    \-   H,0, 
'c(OH),  «   CO   +   OH, 


In  the  case  of  complex  carbon  compounds  generally,  there  can  be 
little  doubt  that  products  of  oxidation  formed  at  an  early  stage  break 
down  into  simpler  incompletely  oxidised  products,  which  undergo 
oxidation  independently.  It  is  probable  that  the  formation  of  ua- 
aiiturated  hydrocarbons  and  even.'  of  carbon  is  often  brought  about  in 
this  manner.  For  example,  ethylene,  in  presence  of  a  limited  propor- 
tion of  oxygen,  might  initially  be  converted  into  hydrozyetbylene  and 
this  might  be  at  once  resolved  into  acetylene  and  water.  Acetylene, 
in  like  manner,  might  give  rise  to  hydroxyacetylene  and  this  to  carbon 
and  water. 

No  doubt,  under  certain  conditions,  hydrocarbons  may  undergo 
simple  heat  changefi,  as  when   heated  alone ;  ao  long  as  oxygen  is 
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ordinaU  •ztoDt 

Tbwe  i»  UtU«  raMOii  to  tuppoM  that  ohangM  Uke  plac«  at  high 

Unperatiuret,  in  rapid  oombitttions,  in  ways  very  different  from  th(Me 

n  which  they  occur  at  lower  temperatures,  although  certain  ohangw 

will  undoubtedly  take  place  to  a  greater  extent  under  the  one  set  of 

oonditicms  than  under  the  other. 

The  effectiTe  operation  is  not  the  mere  blow  due  to  impact  or  the 
▼ibratioo  eaoaed  by  this  in  the  molecule,  but  the  conjunction  of  com- 
patible Bolaoalee  and  the  consequent  formation  of  composite  systems 
within  which  change  can  occur.  In  so  far  as  temperature  influenoea 
the  formation  of  compatible  systems,  either  as  regards  their  character 
or  the  rate  at  which  they  arise,  temperature  has  an  influence — but 
probably  not  otherwise. 


CWIL—The  Constituents  of  the  Volatile  Oil  of  the  Bark 

of  Cinnamomum  pedatinervium,  of  Fiji, 

By  Ernest  Gould i no,  D.Sc.,  Lond. 

TiiK  bark  of  Cinnamomum  pedatinervium^  a  tree  indigenous  to  the 
Fiji  Islands,  poeseeaee  a  pleasant,  aromatic,  spicy  odour,  due  to  the 
secretion  of  a  volatile  oil.  The  following  account  is  given  by  Berthold 
Seemann  in  his  "  Flora  Vitiensis  "  (p.  202). 

**  The  bark  of  the  *  Macou,'  as  it  is  termed  in  the  Bau  dialect, 
'  Hon '  in  that  of  Kadavu,  and  '  Main  '  in  that  of  Namosi,  is  a  kind 
of  Cassia  bark,  which  may  prove  of  commercial  importance,  and  is 
used  by  the  Fijians  for  scenting  cocoa-nut  oil.  The  tree  yielding  it  is 
about  thirty  feet  high,  four  to  five  inches  in  diameter,  and  is  met  with 
above  an  elevation  of  1500  feet,  in  dense  virgin  forests.  I  found  it 
on  Buke  Levu,  island  of  Kadavu,  and  on  Voma  peak,  Viti  Leva ;  and 
Mr.  Pritchard  received  fine  specimens  from  the  islands  of  Gao,  where 
they  had  been  collected  by  W.  Berwick,  a  coloured  man,  residing 
there.  The  bark  has  a  fine  aromatic  smell  and  flavour,  a  light  brown 
colour,  is  thicker  than  that  of  the  cinnamon  of  commerce,  and 
reeembles  some  of  the  laorineous  barks,  such  as  the  Sintoc  and 
Culilawang,  brought  from  the  Moluccas.     In  Namoei,  it  is  used  as  a 

udorific.     Unfortunately,  I  did  not  see  the  tree  in  flower,  and  hence  am 

ble  to  determine  whether  the  *  buds '  are  equal  to  the  best  *  Caada 

'  of  commerce.     The  resemblance  of  the  Fijian  names  to  that  of 

llaasoy,'  given  to  a  fine  quality  of  Cassia  bark,  from  New  Guinea, 
deserves  investigation." 
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A  sample  of  thiH  bark  having  been  Bent  from  Suva,  Fiji,  to  the 
Imperial  Institute  in  order  that  its  volatile  oil  might  be  submitted  to 
examination  and  commercial  valuation,  the  investigation  described  in 
the  following  pages  was  carried  out  in  the  Laboratories  of  the 
Scienti6c  and  Technical  Department  of  the  Institute. 

Experimental. 

A  quantity  of  the  powdered  bark  weighing  50 J  lbs.,  on  distillation 
with  steam,  yielded  7J  oz.  of  the  volatile  oil,  which  is  equivalent  to 
0*92  per  cent.  The  oil  is  almost  colourless  when  first  distilled,  but 
gradually  assumes  a  yellowish-brown  colour.  It  has  a  sweet,  aromatic 
odour  and  a  pungent,  spicy  taste.  It  has  a  rotatory  power  of 
—  4*78°  at  15°  in  a  100  mm.  tube,  or  [a]o  -4*96°;  when,  however, 
the  oil  is  heated  to  170°  and  allowed  to  cool  again,  the  rotatory  power 
is  increased  to  -6'48°  or  [ajo  —5-66°  Its  index  of  refraction  is 
1*4963  at  15°.  It  is  freely  soluble  in  the  usual  organic  solvents,  and 
is  neutral  to  litmus.  When  the  oil  is  cooled  to  -  12°  for  an  hour  in 
a  mixture  of  ice  and  salt,  no  solid  substance  separates. 

The  oil  was  distilled  under  atmospheric  pressure,  and  the  following 
fractions  were  obtained  :  180—205°,  22  per  cent.  ;  205—220°,  30 
per  cent. ;  220—230°,  27  per  cent. ;  230—255°,  18  per  cent.  ;  the 
residue  in  the  distilling  flask  amounted  to  3  per  cent,  and  was  of  a 
dark  brown  colour.  The  physical  characters  of  the  oil  and  these 
fractions  are  given  in  the  following  table.  The  optical  rotatory  power 
was  in  each  case  determined  in  a  100  mm.  tube  by  means  of  a 
J^urent's  half -shadow  polarimeter.  The  refractive  indices  were 
determined  in  a  hollow  glass  prism  by  means  of  the  spectrometer. 


Boiling  at 

Si)ecific  gravity 
15716\ 

[«1». 

»». 

Oil  

180— 205* 
206—220 
220-280 
280—266 

0-964 
0-916 
0-9&8 
0-998 
1-018 

-4-96' 
-11-87 
-6-69 
-2-40 
-1-91 

1*4968 

Fraction    I 

„       11 

1-4816 
1*4918 

.,      Ill 

1*6068 

l»         IV....*... 

1-6161 

Ettimation  of  Etttrs, 

A  quantity  of  the  oil  weighing  3*1810  grams  was  boiled  with  ^7^ 
alooholio  potassium  hydroxide  for  half  an  hour.  After  the  solution 
had  cooled,  it  was  titrated  with  Nj'l  hydrochloric  acid,  phenolphthalein 
being  employed  as  the  indicator.     It  was  found  that  0*5  co.  of  the 
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alkali  had  baoD  ueuU-aliaeJ,  DquivAleut  tu  a  a&poni6e4tion  number  4*4, 
wbenoo  Um  peroenUge  of  Mt^rs  in  the  oil  amouoU  to  1  '5  per  cent, 
(calculated  as  C,«U|f*C,H,0^. 


JS$iimation  qf  Alcofiolt. 

A  mixture  of  5  c.c  of  the  oil,  10  c.a  of  acetic  anhydride,  and  I 
gram  of  anhydrous  sodium  acetate  was  boiled  for  I J  hours  in  a  small 
flank  attached  to  a  reflux  condenser.  About  15  cc.  of  water  were 
now  added,  and  the  flask  was  heated  for  half  an  hour  on  the  water- 
bath.  The  aoetylated  oil  was  separated  by  the  addition  of  a  connider- 
able  quantity  of  water  to  the  liquid,  which  had  been  transferred  to  a 
separating  funnel ;  it  was  wished  with  sodium  carbonate  solution  and 
afterwards  with  water  until  the  washings  were  neutral  to  litmus,  and 
was  then  dried  with  anhydrous  sodium  sulphate.  1*4262  grams  of 
the  aoetylated  oil  were  hydrolysed  with  N/2  alcoholic  potassium 
hydroxide,  and  the  resulting  solution  was  titrated  with  N/2  hydro- 
chloric acid ;  it  was  found  that  5*9  c.c.  of  the  alkali  solution  had  been 
neutralised  by  the  acids  formed  in  the  hydrolysis,  whence  the  saponi- 
!ication  number  of  the  acetylated  oil  is  115  8,  corresponding  with  31*85 
per  cent,  of  total  alcohols  (calculated  as  CioHj^'OU)  in  the  original 
oil ;  1*1  per  cent,  of  the  alcohols  being  present  in  the  form  of  esters, 
the  free  alcohols  amount  to  30*75  per  cent. 


Eitinmtion  of  Methoxyl. 

The  estimation  of  methoxyl  in  the  oil  was  effected  by  a  modification 
>f  Zeisel's  method : 

I.  0*3233  gave  0*0281  Agl.     OMe  =  115  per  cent. 
II.  0  5010     „     0-0443  Agl.     OMe-  1*16  per  cent. 


Separation  of  Ote  Teri 

The  oil  (150  grams)  was  distilled  under  10  mm.  pressure  by  meant 
of  a  fmrftffi"  bath,  and  the  distillate  was  collected  until  the  temper»- 
tueroeeto  110^.  The  fraction  thus  obtained  was  redistilled  under 
the  same  pressure  and  collected  below  100^  This  product  was  heated 
with  and  redistilled  from  m^Uic  sodium  under  the  ordinary  pressure. 
A  qiedmen  of  the  terpene  which  had  been  treated  five  times  in  this 
way  gave,  on  analysis,  figures  which  pointed  to  the  formula  CjoHj^ 
but  it  evidently  still  contained  a  small  quantity  of  oxygenated  com- 
pounds. Unfortunately,  the  quantity  of  terpene  remaining  was  too 
small  to  admit  of  further  attempts  to  purify  it. 

4  D  2 
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0-2699  gave  0  8686  CO2  and  0-2731  H2O.     C-86-8;  H  =  11'3. 
C^qHij  requires  C  =  88*2  ;  H  =  11-8  per  cent. 

The  terpens  boils  at  167 — 172°  and  has  a  specific  gravity  0-8659  at 
15°/15°.  Its  rotatory  power  in  a  100  mm.  tube  is  -  16-48°  or  [aj^ 
-  17-72°.  It  possesses  a  pleasant  lemon-like  and  slightly  camphor- 
aceous  odour,  and  gives  an  orange-red  coloration  with  concentrated 
sulphuric  acid. 

Determinations  of  the  vapour  density  by  V.  Meyer's  method,  using 
aniline  as  the  heating  agent,  gave  the  following  results:  I.  00612 
gram  gave  9*3  c.c.  at  17°  and  755  mm.  measured  over  water.  Hence 
the  vapour  density  =  80*1  and  the  molecular  weight  =  160*2.  II.  0*1027 
gram  gave  16*0  c.c  at  17°  and  751  mm.  measured  over  water.  Hence 
the  vapour  density  =  78*1  and  the  molecular  weight  =  156*2. 
OjQHjg=136.  These  results  are  somewhat  high,  but  this  is  due  to 
polymerisation  of  some  of  the  terpeno  with  formation  of  resin  in  the 
course  of  the  experiment ;  the  formula  Cj^Hig  is,  however,  clearly 
indicated. 

Preparation  of  the  Dihromide. — Bromine  was  added  drop  by  drop  to 
a  well  cooled  solution  of  the  terpene  in  glacial  acetic  acid  until  the 
colour  was  no  longer  discharged.  Since  nothing  had  separated  from 
the  solution  after  24  hours,  the  product  was  precipitated  by  the 
addition  of  water  and  dissolved  in  ether ;  the  ethereal  solution  was 
washed  with  solution  of  sodium  carbonate  and  afterwards  with  water 
and  dried  with  calcium  chloride.  After  the  removal  of  the  ether  by 
distillation,  the  residue  consisted  of  a  nearly  colourless,  syrupy  liquid. 
It  was  left  over  calcium  chloride  for  four  weeks  in  a  vacuous 
desiccator,  at  the  end  of  which  time  it  had  become  slightly  yellow, 
but  otherwise  remained  unchanged.  Estimation  of  the  bromine  by 
Carius's  method  showed  that  the  substance  is  a  dihromide^  O^fi^fir^ 

0*3945  gave  0-5116  AgBr.     Br-55-2. 

CjoHigBrj  requires  Br  =  54*1  per  cent 

Attempts  to  prepare  a  crystallisable  nitrosochloride  or  nitroeite 
were  unsuccessful. 

After  the  removal  of  the  greater  part  of  the  terpene,  the  residual 
oil  was  shaken  with  solution  of  sodium  carbonate  (5  per  cent.). 
Subsequent  examination  of  the  solution  showed  that  nothing  had  been 
extracted  from  the  oil  except  a  little  brown  colouring  matter;  the 
absence  of  free  acids  was  thus  established. 

The  oil  was  washed  with  water  and  shaken  with  a  strong  solution 
of  sodium  hydrogen  sulphite  for  about  half  an  hour;  the  aqueous 
liquid  was  then  run  off  and  washed  with  ether.  Since  no  solid 
substance  separated  from  the  solution,  it  was  treated  with  an  excess  of 
•odium  carbonate  and  distilled.     The  first  few  drops  of  the  distillate 
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had  an  odour  resembling  that  of  fatty  aldehydes,  and  on  further 
diatillation  a  slight  oitral-like  odour  waa  ohtenred,  but  no  appreciable 
quantity  of  aldehydes  was  obtained. 


The  oil  was  now  washed  with  a  small  quantity  of  solution  of  sodium 
carbonate  and  afterwards  with  water ;  it  was  then  shaken  with  about 
30  cc  of  solution  of  sodium  hydroxide  (5  per  cent.).  After  the 
aqueous  solution  had  been  washed  with  ether,  it  was  acidified  with 
dilute  sulphuric  acid.  A  substance  with  a  clove-liice  ^odour  separated 
in  oily  drops  and  was  extracted  with  ether.  The  ethereal  sohition 
was  dried  with  calcium  chloride  and  the  ether  carefully  removed  by 
distillation.  The  residue  consisted  of  about  1  h  gramn  of  a  brown  oil 
which  gave  with  ferric  chloride  the  blue  colour  characteristic  of  eugenol. 
It  was  dissolved  in  dilute  solution  of  potassium  hydroxide,  benzoyl 
chloride  was  added  drop  by  drop,  and  the  mixture  was  warmed 
and  well  shaken.  A  benzoyl  derivative  separated,  and  was  washed 
with  dilute  potassium  hydroxide,  and  afterwards  with  water.  When 
crystallised  from  alcohol,  it  formed  well-defined,  rhombic  prisms ;  it 
was  recrystallised  from  the  same  solvent  and  dried  between  filter 
papers.     It  melted  sharply  at  70",  and,  on  analysis : 

01865  gave  0-5179  CO,  and  00997  H,0.     C- 75-74  ;  H-5-94. 
CijHigOj  requires  C«7612 ;  H=.597  per  cent. 

Determination   of    the  methoxyl  was  made  by  a   modification   of 
Zeisel's  method : 


0-2950  gave  02603  Agl.     OMe  =  11-64 
0Me'C^H,(C,H5)'0Bz  requires  01 


requires  OMe  =  11*57  per  cent 

The  benzoyl  derivative  of  eugenol  was  prepared  for  comparison  ;  this 
melted  at  70°,  and  when  mixed  with  that  obtained  from  the  phenol 
from  the  oil,  the  melting  point  was  unchanged. 


Eugenol  Methyl  Ether  (?). 

After  removing  the  eugenol  from  the  oil  by  shaking  it  with  aqueooa 
potassium  hydroxide,  the  oil  still  possessed  a  pungent  taste  which 
closely  resembled  that  of  eugenol  methyl  ether,  a  small  quantity  of  which 
was  prepared  for  comparison.  Further,  since  the  amount  of  eugenol 
present  only  accounts  for  a  small  proportion  of  the  methoxyl  found 
in  the  oil,  some  other  substance  containing  methoxy-groups  must  be 
present.  It  is,  therefore,  highly  probable  that  the  oil  contains  a 
little  eugenol  methyl  ether ;  the  quantity  of  this  compound  demanded 
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by    the    percentage   of    methoxyl   (after  deducting  that  due   to   the 
eugenol)  amounts  to  about  3  per  cent. 

Hydrolysis  with  Alcoholic  Fotassium  Hydroxide. 

In  order  to  hydrolyse  the  esters,  the  oil  (from  which  the  terpene 
and  eugenol  had  been  removed)  was  boiled  for  two  hours  with  alcoholic 
potassium  hydroxide  in  a  flask  connected  with  a  reflux  condenser. 
After  the  greater  part  of  the  alcohol  had  been  removed  by  distillation, 
the  liquid  was  transferred  to  a  separating  funnel  and  water  was  added 
in  sufficient  quantity  to  effect  the  separation  of  the  oil.  The  oil 
which  had  separated  was  run  off,  and  the  last  portions  were  removed 
by  shaking  with  ether  ;  the  oil  was  then  dissolved  in  this  ether,  and 
the  ethereal  solution  washed  with  a  little  water  and  dried  quickly 
with  calcium  chloride.  After  the  ether  had  been  removed  by  dis- 
tillation, the  oil  was  distilled  under  10  mm.  pressure  and  afterwards 
separated  into  four  fractions  (I,  II,  III,  and  IV)  by  distillation  under 
atmospheric  pressure. 

The  alkaline  liquid  was  concentrated  to  a  small  volume  and  was 
then  acidified  with  sulphuric  acid  and  distilled  with  steam.  The  first 
portion  to  distil  over  was  turbid  and  contained  small  oily  drops  of  a 
substance  with  the  odour  of  eugenol ;  the  whole  of  the  distillate  was 
rendered  slightly  alkaline  with  sodium  carbonate  and  extracted  with 
successive  portions  of  ether.  After  distilling  off  the  ether,  a  small 
residue  of  eugenol  was  obtained,  which  gave  a  blue  coloration  with 
ferric  chloride  and  yielded  a  benzoyl  derivative  melting  at  69 — 70°. 
A  small  quantity  of  eugenol  was  therefore  present  in  the  oil  in  the 
form  of  an  ester. 

The  sodium  carbonate  solution  (from  which  the  eugenol  had  been 
extracted)  was  concentrated,  acidified  with  sulphuric  acid,  and  distilled 
with  steam.  The  distillate  was  again  neutralised  with  sodium  carbon- 
ate, was  concentrated  to  a  very  small  volume,  and  was  acidified  with 
sulphuric  acid  and  shaken  repeatedly  with  ether.  The  ether  was  care- 
fully removed  by  distillation,  and  a  very  small  residue  was  obtained, 
which  had  a  pale  brown  colour  and  an  odour  of  fatty  acids  (especially 
that  of  propionic  acid) ;  when  boiled  with  a  little  alcohol  and  strong 
sulphuric  acid,  an  ethereal  odour  recalling  that  of  ethyl  propionate  was 
produced. 

The  four  fractions  of  oil  obtained  after  the  hydrolysis  of  the  esters 
were  collected  at  the  following  temperatures:  I,  200—215°;  II, 
215—223°;  III.  223—232°;  IV,  232—255°.  After  refractionation, 
nx  fractions  were  obtained  which  boiled  within  the  following  ranget 
of  temperature:  (1)  195—205°;  (2)  205—215°;  (3)  215—228*'; 
(4)  223—227°;  (5)  227—235°;  (6)  235—245°;  owing,  however,  to 
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tkm  audi  voluM  optraUd  od»  the  Mpantion  was  necemrily  ioooia> 
pUl«.  The  cpaotfio  gravity  and  optical  rotatory  power  of  each  f raoiioo 
were  determined  ;  the  results  are  given  in  the  following  table. 


«-«» 

BoUing  point. 

SpeciAo  flTAvitr 
15715\ 

[•V 

195—205* 

205—215 

215—228 

228-227 

227—285 

285—245 

0-9I5« 
0i)468 
0  9756 
10019 
10027 
10272 

-9-49* 

-••26 

-8-62 

-2  04 

-1-60 

-100 

Identification  of  Linalool. 

FraeUon  (1). — ^Tbe  odour   of  this  fraction    indicated    the    presence 
of  some  terpene  which  had  not  been  removed  by  the  earlier  treatment ; 
it  also  poseeseed  a  fragrance  similar  to  that  of  linalool.     Five  grams 
of    it   were  added    gradually  to  a   solution    containiog   30  grams  of 
potassium   dichromate,   15  grams  of  sulphuric  anid,  and    100  c.c.  of 
water,  the  mixture  being  kept  cool  and  well  shaken.     After  an  hour 
it  was  warmed  for  a  short  time  on  the   water-bath  and  then  distilled 
with  steam.     The  distillate  contained  about  2  grams  of  an  oily  liquid, 
which  had  an  intensely  lemon-like  odour,  due  to  the  presence  of  citraL 
The  citral  was  identified  byconversion  intoa-citryl  /3-naphthacinchonio 
acid.     The    oil  from  the   distillate,  after    being  dried    with    calcium 
chloride,  was  dissolved  in  dry  alcohol ;  a  small  quantity  of  an  alcoholic 
solution  of  /3-naphthylamine  and  a  drop  or  two  of  pyruvic  acid   were 
added,  and  the  mixture  was  heated  in  a  flask  attached  to  a  reflux  con- 
denser for  about  an   hour.     On  cooling,  minute,  lemon-yellow  plates 
separated,  which  were  collected  and  drained  on  a  porous  tile.     In  order 
to   purify  this   substance,  it  was   dissolved  in  dilute  ammonia  and 
repredpitated  by  the  addition  of  acetic  acid,  was  washed  with  water 
and  recrystallised  from  hot  alcohol ;  it  now  melted  at  196 — 198**,  and 
agreed  in  its  general  characters  with  a  specimen   of  the  /3-naphtha- 
cinchonic  acid   prepared  from   citral.     It  is  evident,  therefore,  that 
this   fraction   contained    linalool.     A   careful   search   was   made   for 
camphor  or  bomeol  in  this  and  the  next  fraction,  but  neither  could  be 
detected. 

Identification  of  SafroU, 

Fraction  (2). — When  this  fraction  was  oxidised  with  chromic  acid 
by  the  method  just  described,  the  product  was  found  to  contain  citra) 
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and  piperonal,  which  were  separated  by  the  method  described  in  the 
following  paragraph. 

Fraction  (3). — The  products  of  the  oxidation  with  chromic  acid  of 
8  grams  of  this  fraction  were  extracted  by  shaking  the  mixture  with 
successive  portions  of  ether.  The  ethereal  solution  was  washed  with 
a  little  water,  then  with  solution  of  sodium  carbonate,  and  again  with 
water.  The  residue  obtained  after  the  removal  of  the  ether  by  distilla- 
tion had  an  odour  of  citral  and  piperonal ;  it  was  treated  with  solution 
of  sodium  hydrogen  sulphite,  and  a  bisulphite  compound  separated  in 
small,  glistening  plates.  This  compound  was  warmed  in  contact 
with  the  solution  for  about  half  an  hour  in  order  to  free  the  piperonal 
compound  from  that  of  citral,  the  latter  being  redissolved  under  these 
conditions  with  formation  of  sodium  citraldihydrosulphonate, 
CjHj7(SOgNa)2*CHO,  as  has  been  shown  by  Tiemann  and  Semmler 
(Ber.,  1893,  26,  2710).  The  bisulphite  compound  was  now  collected 
and  decomposed  with  solution  of  sodium  carbonate ;  piperonal  separ- 
ated and  was  transferred  to  a  filter  paper  and  washed  with  water. 
The  product  possessed  the  characteristic  odour  and  general  properties 
of  piperonal,  and  after  recrystallisation  from  warm  light  petroleum 
melted  at  37°.     On  analysis  : 

0-2186  gave  05116  COg  and  00767  HgO.     C  =  63'83  ;  H  =  3-84. 
CgHeOg  requires  C  =  64-00  ;    H  =  4-00  per  cent. 

The  formation  of  piperonal  by  the  oxidation  of  the  oil  indicated 
the  presence  of  safrole,  and  this  was  confirmed  by  the  preparation  of 
its  nitrosite  by  the  method  described  by  Angeli  and  Rimini  {Gazzetlay 
1893,  25,  ii,  200).  About  6  grams  of  the  oil,  from  fractions  (4)  and 
(6),  were  dissolved  in  20  c.c.  of  light  petroleum,  and  the  solution  was 
poured  into  a  flask  containing  an  aqueous  solution  of  sodium  nitrite. 
Dilute  sulphuric  acid  was  added  slowly,  drop  by  drop,  when  an  opaque, 
yellowish-brown  substance  gradually  separated  at  the  junction  of  the 
liquids.  This  product  was  transferred  to  a  filter  paper  and  washed  with 
water,  dilute  potassium  hydroxide,  again  with  water,  then  with 
alcohol,  and  finally  with  ether.  Safrole  a-nitrosite  was  thus  obtained 
as  a  pale  yellow  powder  which  melted  with  efifervescence  at  129 — 130®, 
and  corresponded  in  all  its  characters  with  a  specimen  of  the  nitrosite 
prepared  from  safrole.     On  analysis  : 

01916  gave  03538  CO,  and  00764  HjO.     C-60-36  ;  H-4-43. 
^loHioOftN,  requires  0-50-42  ;  H-4-20  per  cent. 

In  order  to  test  for  the  presence  of  terpineol  in  fractioD  (3),  a 
portion  of  it  was  treated  with  hydriodic  acid  of  specific  gravity  1*95  ; 
nothing  separated,  although  an  artificial  mixture  of  terpineol  with 
■afrole,  when  treated  in  the  same  way,  readily  furnished  the  crystalline 
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dipenUne  dihydriodide ;  henoe  it  must  be  oonoladed  that  terpineol  it 


I^raeHoH  (4). — ^This  frmotion,  on  oxidation  with  chromic  acid,  yielded 
piperonal,  together  with  a  small  quantity  of  oitral. 

^raeium  (5). — By  the  oxidation  of  thid  fraction  with  potaaaiuin 
permaoKMiate  according  to  the  method  described  by  Tiemano  {Bm'*, 
1891,  24,  2883),  a  small  quantity  of  piperonylic  acid  was  obtained, 
which  melted  at  226^  (unoorr.),  and  agreed  in  its  general  characters 
with  a  specimen  of  piperonylic  acid  obtained  by  oxidising  safrole 
in  the  same  way. 

When  this  fraction  was  oxidised  with  chromic  acid  mixture,  piper- 
onal  and  a  little  citral  were  produced.  An  attempt  to  detect  the 
preaenoe  of  geraniol  by  means  of  the  formation  of  its  diphenylurethane 
gave  a  negative  result. 

This  investigation  has  shown  that  the  chief  constituents  of  the  oil 
are  as  follows : 

(i)  A  Urpene,  CjoHj^. 

(ii)  LinalooL 

(iii)  St/roU. 

(iv)  Bugmwl. 

(v)  Eugmul  methyl  ether  (%), 

The  quantitative  composition  (as  far  as  can  be  judged  from  the 
small  sample  of  oil  available  for  examiuation)  is  roughly  as 
follows : 

Terpene 16 — 20  per  cent. 

Alcohols  (wholly,  or  in  part,  linalool)         30  „ 

Esters 1*5  „ 

Safrole    40—50      „ 

Eugenol 1  „ 

Eugenol  methyl  ether  (?)   3  n 

In  conclusion,  I  desire  to  express  my  warmest  thanks  to  Professor 
Dunstan,  both  for  the  suggestion  that  I  should  undertake  this  inquiry 
and  for  the  encouragement  which  he  has  given  during  the  course  of 
the  work. 

Scinrnrio  Department, 

iKPiEtAi.  IkstitutII  8.W. 
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CVIII.  — Sulphocampholenecarhoxylic  Acid. 

By  Alfred  W.  Harvey  and  Arthur  Lapworth. 

Camphor  and  its  halogen  derivatives,  when  subjected  to  treatment  with 
sulphuric  or  chlorosulphonic  acid,  afford  a  number  of  sulphonated  com- 
pounds, the  nature  of  the  product  varying  greatly  according  to  the 
exact  conditions  obtaining  during  the  process. 

Cazeneuve  (Bull.  Soc.  chim.,  1890,  [iii],  4,  715,  and  1891,  [iii],  6, 
651),  who  appears  to  have  been  the  first  to  enter  this  field,  heated 
a-chiorocamphor  with  concentrated  sulphuric  acid  at  temperatures  be- 
tween 30°  and  70°  and  isolated  a  number  of  sulphonic  derivatives,  the 
majority  of  which  contained  only  nine  of  the  ten  carbon  atoms  present 
in  the  original  substance,  but  these  compounds  must  have  arisen  as 
the  result  of  very  profound  changes  in  the  molecular  structure  of  the 
camphor  molecule.  A  trisul phonic  acid,  perhaps  of  camphor  itself, 
appears  to  have  been  obtained  by  him  when  working  under  certain 
conditions. 

Kipping  and  Pope  (Trans.,  1893,  63,  548)  obtained  true  sulphonic 
derivatives  of  camphor  by  acting  on  camphor  and  its  a-halogen  com- 
pounds with  fuming  sulphuric  acid  or  with  chlorosulphonic  acid 
(compare  also  Marsh  and  Cousins,  Trans.,  1891,  59,  966).  These,  as 
was  shown  by  Kipping  (Trans.,  1896,  69,  920),  contain  a  sulphonic 
group  attached  to  the  median  methyl  group  of  the  camphor  molecule. 
A  second  series  of  camphorsul phonic  acids  is  obtained  by  the  method 
of  Reychler  {Bull.  Soc.  chim.,  1898,  [iii],  19,  120),  in  which  a  mixture 
of  acetic  anhydride  and  sulphuric  acid  is  employed  as  the  sulphonating 
agent ;  the  sulphonic  bromide  of  Reychler's  acid  has  been  found  to 
yield  /3  bromocamphor  when  it  is  decomposed  by  heat ;  it  is  therefore 
natural  to  suppose  that  these  substances  are  ^sulphonic  derivatives 
(Armstrong  and  Lowry,  Trans.,  1902,  81,  1445). 

When  a-bromocamphor  is  heated  with  fuming  sulphuric  acid,  a  small 
quantity  of  a  neutral  substance  is  produced.  This  substance,  which 
probably  has  the  character  of  a  sultone  (Kipping  and  Revis,  Proc., 
1896,  12,  247),  has  not  yet  been  closely  investigated. 

liastly,  there  may  be  mentioned  the  isomeric  camphenesul phonic 
acids  which  are  produced  when  camphor  is  sulphonated  with  fuming 
•ulphurio  acid  (Lapworth  and  Kipping,  Trans.,  1896,  60,  1546).  In 
the  latter  cases,  nothing  is  known  as  to  the  position  occupied  by  the 
sulphonic  group. 

The  present  communication  deals  with  derivatives  of  a  new  product, 
which  is  formed  in  small  quantities  when  a-bromocamphor  is  heated 
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with  oUororalphonic  aoid  in  chloroform  nolution,  and  ocouni  m  a  by- 
prodttsl  in  Um  preparation  of  ar-bromocamphortulphonto  acid  by  tha 
ntoal  BMtbod  (Kipping  and  Pope,  Trans.,  1895,  67,  356). 

Tha  new  acid  has  the  formula  Cj^^Hj^O^S,  and  the  process  by  which 
it  arises  may  be  assumed  to  consist  of  a  change  in  the  bromocamphor 
of  the  following  eharaeter : 

CioHijOBr  +  SOjHCI  +  H,0  -  CioHj^O^S  +  HCl  +  HBr, 

and  therefore  appears  to  involve  both  sulphonation  and  hydrolyiiis. 

It  is  not  pa«sible  at  present  to  say  with  any  degree  of  confidence  in 
what  order  the  sulphonation,  removal  of  hydrogen  bromide,  and 
hydrolysis  have  taken  place,  but  it  is  dilHcuIt  to  understand  how  water 
could  have  operated  effectively  before  sulphonation  is  complete  and 
therefore  in  presence  of  excess  of  chlorosul phonic  acid  ;  it  seems  most 
probable  that  a  part  of  the  change  occurs  after  the  sulphonation 
product  is  added  to  water  or  heated  with  the  lime  used  in  removing 
the  sulphuric  acid. 

The  compound  is  a  dibasic  acid,  and  occurs  in  the  form  of  its  am- 
monium hydrogen  salt  in  the  mother  liquors  obtained  in  the  preparation 
of  the  ammonium  bromocamphorsulphonate.  As  these  liquors  have 
been  obtained  in  the  evaporation  of  a  solution  originally  containing 
ezcesM  of  ammonia,  it  follows  that  the  normal  ammonium  salt  has  lost 
ammonia  as  the  result  of  bydrolytic  dissociation.  The  acid  salt  is 
highly  characteristic,  but  the  free  acid  has  not  been  obtained  in  a 
crystalline  form,  and  our  experiments  have  been  carried  out  for  the 
most  part  with  the  ammonium  salt. 

The  acid  is  obviously  both  a  sulphonic  acid  and  a  carboxylic  acid, 
and  may  be  represented  by  the  formula  COgH-C^Hj^'SOjH  j  in  con- 
sideration of  the  great  difference  in  the  relative  strength  of  the  two 
types  of  acids,  the  acid  salts  must  be  represented  by  the  formula 
CX),H»C,H,^-SO,M.  The  acid  chlorides  and  bromides  are  highly  un- 
stable, being  hydrolysed  rapidly  even  by  cold  water ;  they  have  been 
obtained  only  as  oils,  and  no  better  success  has  as  yet  attended  any 
efforts  to  prepare  the  amides  and  esters,  and  as  the  supply  of  material 
has  been  very  limited  we  have  not  thought  it  worth  while  to  pursue 
experiments  very  far  in  this  direction. 

The  hydrocarbon,  C^Hjj,  from  which  the  acid  is  derive'!  is  isomeric 
with  the  campholenes,  or  possibly  identical  with  one  of  them.  In 
accordance  with  this  view  of  the  structure  of  the  acid,  the  solutions  of 
its  salts  instantly  decolorise  ice-cold  potassium  permanganate  solution 
and  bromine  water,  so  that  the  compound  is  undoubtedly  of  an 
unsaturated  character. 

The  productsof  the  action  of  potasdam  permanganate  on  the  acid  have 
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not  yielded  anything  of  a  crystalline  character,  and  this  is  scarcely 
surprising,  as  the  isolation  of  crystalline  derivatives  of  fatty  sulpho- 
carboxylic  acids  is  usually  a  matter  of  great   difficulty. 

It  is  important,  however,  to  observe  that  during  the  oxidation  no 
sulphuric  acid  is  liberated,  neither  does  there  appear  to  be  formed  any 
oxalic  acid  or  any  acid  capable  of  being  extracted  with  organic  solvents 
from  a  solution  rendered  strongly  acid  by  sulphuric  acid.  It  would 
appear,  therefore,  that  no  decomposition  into  two  molecules  occurs  ; 
hence,  in  all  probability  the  oxidation  results  in  the  opening  of  an 
unsaturated  ring  and  the  production  of  an  open  chain  sulpho-polycarb- 
oxylic  acid. 

The  action  of  bromine  on  solutions  of  the  acid  or  of  its  salts  leads 
to  the  formation  in  almost  theoretical  amount  of  a  very  sparingly 
soluble  bromo-com pound,  CjoHj^OgBrS,  in  accordance  with  the 
equation : 

C,„H,,0,S  +  Br,  =  C,„Hi  ABrS  +  HBr. 

The  new  compound  crystallises  readily  from  chloroform  in  well- 
developed  crystals,  and  exhibits  the  characteristics  of  a  monobasic 
acid,  a  view  confirmed  by  a  determination  of  its  equivalent  by 
titration  with  cold  sodium  hydroxide.  It  dissolves  in  a  cold  aqueous 
solution  of  sodium  carbonate,  expelling  carbon  dioxide,  and  is  reprecipi- 
tated  unchanged  on  addition  of  a  mineral  acid,  but  if  boiled  with 
excess  of  alkali  it  slowly  loses  bromine.  The  circumstance  that  it 
is  almost  completely  precipitated  from  solution  of  its  salts  by  mineral 
acids  indicates  that  it  is  the  carbonyl  and  not  the  sulphonic  group  to 
which  the  substance  owes  its  acid  properties,  so  that  it  may  be 
concluded  with  certainty  that  the  sulphonic  group  has  become 
concerned  in  the  formation  of  a  sultone  ring.     The  formula 

COaH-CgHi.Br-SOs-O 

is  therefore  to  be  assigned  to  the  substance. 

The  bromo-compound  yields  esters  with  great  ease  when  warmed 
with  methyl  or  ethyl  alcohol  in  presence  of  sulphuric  or  hydrochloric 
acid.  These  esters  are  well -characterised  substances,  and  the  signiB- 
oance  which  may  be  attached  to  their  ready  formation  is  referred  to 
elsewhere. 

Numerous  experiments  have  been  made  in  the  endeavour  to  obtain 
the  campholenecarbozylic  acid  itself,  or  one  of  its  oxidised  derivatiyes, 
by  hydrolysing  the  sulphonic  acid  and  the  products  obtained  from  it 
after  treatment  with  various  oxidising  agents.  The  acid  itself  does 
not  appear  to  be  hydrolysed  to  any  appreciable  extent  when  super- 
heated steam  is  passed  into  a  solution  in  sulphuric  acid  at  160 — 180^ 
or  when  it  is  heatod  in  closed  tubes  with  fuming  hydrochloric  acid  at 
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!•.  I  j.h.  ;  in  all  CM68»  obarring  oocarred  before  hydrolyei«.  Willi 
tho  oxiil.ition  produota  of  the  salphonic  acid,  the  oarboDieatiou  did  Dot 
ooear  to  such  a  marked  extent,  but  again  the  hydrolysis  did  not  appear 
U>  tak«  plaoa  at  all  readily. 

On  fiMang  the  acid  with  potassium  hydroxide,  it  was  agnin  found 
that  d«oompo«ition  took  place  only  with  great  difficulty,  the  tempera- 
ture neoaasary  for  the  production  of  any  large  quantity  of  sulphite 
being  to  high  that  much  carbonisation  occurred.  Better  suooeea  waa 
mai  with  when  the  acid  was  first  oxidised  with  potassium  permanganate 
and  the  product  fused  with  the  alkali.  Here  very  little  charring  was 
noticed,  and  on  examining  the  carboxylic  acids  produced  in  the  proceaa 
It  waa  found  that  one  of  these  yielded  a  sparingly  soluble  copper  salt, 
so  that  its  isolation  and  purification  was  rendered  comparatively  easy. 
Examination  of  the  foregoing  acid  showed  that  it  was  a  dibasic  acid, 
C^Hj^O^,  melting  at  about  85°.  It  gave  a  well-defined  anhydride 
which  melted  at  37 — 38°  and  an  anilic  acid  which  crystallised  in 
shining,  bix-sided  plates  melting  at  144°.  These  properties  are 
characteristic  of  aa-dimethylglutaric  acid,  which  is  a  product  obtained 
daring  the  degradation  of  ^-campholenic  acid  (Tiemann,  Ber.^  1895, 
28,  2176)  and  also  from  sulphocamphylic  and  isolauronolic  acids 
(Perkin,  Trans.,  1898,  73,  847  ;  and  Blanc,  Btdl.  Soc.  chim.,  1898, 
[iii],  19,  248). 

Whilst  it  cannot  be  maintained  that  the  constitution  of  sulpho- 
eampholenecarboxylic  acid  has  been  determined  with  any  certainty, 
there  are  certain  conclusions  which  we  believe  may  safely  be 
drawn. 

In  the  first  place,  the  formula  of  the  acid  indicates  that  it  is  prob- 
ably allied  to  sulphocamphylic  acid,  CgHijOj,  to  which  it  shows  many 
points  of  resemblance,  and  there  can  be  little  or  no  doubt  that  the 
substance  also  contains  a  closed  chain  and  an  ethylenic  linking. 

Secondly,  it  is  certain  that  the  compound  contains  the  group 
•CH,*00,H  or  :CH*CX),H,  probably  the  former  ;  this  conclusion  follows 
from  the  properties  of  the  bromo-sultone,  which  is  esterified  with  great 
roadinenw  when  warmed  with  alcohol  and  mineral  acids.  From  this,  it 
seema  probable  that  the  disruption  in  the  oxygen  ring  of  the  original 

CHj-CjJH — CHBr 
bromocamphor,  I       CMe,    I  (•)     ,  must  hare  occurred  at  the  point 
CH,«CMe-00 

(6) 

marked  (a),  and  not  at  that  marked  (6),  as  there  can  be  no  reasonnble 
doubt  that  the  origin  of  the  carboxyl  group  of  the  acid  is  the  carbonyl 
group  of  the  parent  substance. 

Thirdly,  the  acid  does  not  contain  the  grouping  C=CH*CX)^  as  it 
does  not  afford  a  trace  of  oxalic  acid  when  it  is  oxidised  with  potassium 
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permanganate.  It  seems  clear,  therefore,  that  the  withdrawal  of  the 
bromine  atom  as  hydrogen  bromide  has  given  rise  to  an  etbylenic 
linking  at  a  different  position  in  the  molecule,  an  occurrence  which  is 
not  at  all  improbable,  for  the  migration  of  double  linkings  is  known 
to  occur  under  conditions  far  less  violent  than  those  under  which  the 
acid  under  consideration  is  formed.  It  may  be  remarked  that  the 
removal  of  the  bromine  atom  has  not  taken  place  here  in  the  same 
manner  as  during  the  change  by  which  adibromocamphor  affords 
bromocamphorenic  acid,  the  carboxyl  group  in  that  substance  being 
attached  to  a  tertiary  carbon  atom. 

Two  series  of  compounds  are  already  known  to  be  formed  by  the 
breaking  down  of  the  camphor  molecule  at  the  position  (a),  namely, 
the  a-  and  the  ^-campholenic  acids  and  their  derivatives.  These  twd 
classes  of  compounds  are  in  a  manner  related  to  one  another,  inas- 
much as  under  certain  conditions  representatives  of  the  /^-series  may 
be  obtained  from  those  of  the  a-series,  but  the  transformation  involves 
a  deep  seated  change  of  structure,  resulting  in  the  apparent  migration 
of  a  methyl  group. 

Now  the  conversion  of  an  a-halogen  substituted  camphor  into  deri- 
vatives of  a-  and  )3-campholenic  acid  may  be  accomplished  by  a  series  of 
changes  not  altogether  different  in  kind  from  those  which  appear  to 
occur  in  the  formation  of  the  substance  at  present  under  considera- 
tion. Thus,  by  the  action  of  hydrogen  bromide,  aa'-dibromocamphor  is 
converted  into  aj8-dibromocamphor  and  the  latter  by  alkaline  hydro- 
lysis made  to  afford  a-carapholenic  acid  and  )3-campholenic  acid 
successively.  A  priori  therefore,  it  seems  possible,  and  even  probable, 
that  the  new  substance  is  derived  from  one  or  other  of  these  two 
acids,  and  if  so  it  should  be  possible  to  ascertain  to  which  series  it 
is  related. 

A  feature  which  distinguishes  the  ^-  from  the  a-campholenic  series 
is  the  optical  inactivity  of  the  former.  The  new  acid  is  optically 
active,  but  it  must  not  be  forgotten  that  hydrolysis  has  been  the 
secondary  change,  and  the  introduction  of  the  sulphonic  group  with 
an  active  molecule  would  almost  of  necessity  have  resulted  in  the 
production  of  a  new  asymmetric  carbon  atom,  and  this  in  the  sub- 
sequent chai)ge  may  have  retained  an  enantiomorphous  character.  The 
real  difference  in  structure  between  the  a-  and  )3-series  is  seen  clearly 
in  the  degradation  products  of  the  two  series.     The  former  gives  rise 

to  a  substance  which  contains  the  grouping  'CMe^'CU^Q.,  such  m 

Mooamphoronio  and  terpenylio  acids,  and  the  latter  those  with 
*CMe,*CH2*Ci,  as,  for  instance,  y-acetyl  dimethyl  butyric  and  aadi* 
methylglutario  acids. 
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At  tiilphooampboleneciirbozylio  add  gtTM  oa-dimethjlgluUrto  acid, 
it  MMBft  pcobable  that  it  is  oloaely  allied  to  /9*oam  pholeoio  acid, 

<*)CH,-f|-(&,-00,H 
•       C-CH. 

A  salphoDic  group,  replacing  an  atom  of  hydrogen  in  the  molecule 
of  this  acid,  might  confer  on  the  substince  an  enantiomorphous 
rharaoter  if  situated  at  the  point  marked  a,  b,  c,  or  d.  It  is  most 
unlikelj,  however,  that  it  could  be  situated  at  e  or  </,  as  in  that  event 
the  prooess  of  oxidation  by  potassium  permanganate  would  have 
resulted  almost  certainly  in  the  production  of  sulphuric  acid. 

At  preeent,  the  most  probable  constitutional  formula  for  the  acid 
appears  to  us  to  be 

CH, C-CH,-CO,H  CHg-C-CHj-COjH 

I  9*CH,  or      I       C'CHj  I 

CH(S0jH)-C(CH5),  CH2-C(CH3)-CH2-S03H 

either  of  which  would  account  for  the  whole  of  its  known  properties. 
It  is  not  easy  in  any  case  to  understand  why  the  sulphonic  group 
should  be  replaced  by  hydrogen  instead  of  by  hydroxyl  during  the 
fusion  of  the  oxidation  product  with  alkali,  but  very  little  appears  to 
be  known  as  to  the  behaviour  of  fatty  sulphonic  acids  under  such 
conditions. 

laolation  of  Derivaiives  qf  SulphocamphoUnecarhoxylic  Acid. 

When  a-bromocamphorsul phonic  acid  is  prepared  by  the  action  of 
chloroeulphonic  acid  on  a-bromocamphor  in  chloroform  solution,  the 
compound  is  usually  isolated  in  the  form  of  its  ammonium  salt,  which 
separates  readily  from  aqueous  solutions,  even  when  these  contain 
much  impurity.  The  mother-liquors,  from  which  this  salt  has  as  far 
as  possible  been  removed,  are  dark  brown  or  black,  and,  on  evapora- 
tion nearly  to  dryness,  deposit  a  gummy  mixture  of  salts,  which  is 
acid  in  its  reaction  towards  litmus  paper  and  expels  carbon  dioxide 
from  carbonates. 

In  the  hope  of  determiniDg  the  nature  of  the  salts  in  this  non- 
crystalline residue,  it  was  extracted  fractionally  with  slightly  diluted 
alcohol,  and  the  various  extracts  were  allowed  to  evaporate  spon- 
taneously. From  some  of  the  solutions,  ammonium  a-bromocamphor- 
sulphonate  was  deposited  in'an  easily  recognised  form,  whilst  in  certain 
cases  the  greater  part  of  the  solid  deposited  was  in  the  form  of  small, 
calcite-like  crystals,  quite  unlike  the  long  needles  of  the  former 
substance.     little  difficulty  was  afterwards  experienced  in  separating 
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the  new  compound  in  a  pure  condition,  partly  by  mechanical  means 
and  also  by  repeated  crystallisation  from  alcohol. 

The  substance  was  thus  obtained  in  large,  transparent  rhombs  or 
plates,  and  proved  to  be  a  hydrogen  ammonium  salt  of  a  new  acid  ; 
the  loss  of  a  molecule  of  ammonia  from  the  normal  salt  is,  of  course, 
to  be  attributed  to  hydrolytic  dissociation,  which  would  be  expected  to 
extend  only  to  the  weak  salts  formed  by  the  carboxylic  group. 

The  investigation^  of  other  -salts  of  the  acid  led  to  the  development 
of  a  second  method  of  isolating  the  compound  which  in  practice  was 
found  to  be  far  more  expeditious  as  well  as  remunerative.  The  crude 
mother-liquors  in  a  highly-concentrated  state  are  rendered  alkaline 
with  ammonia,  heated  to  boiling  in  a  porcelain  basin,  and  stirred 
vigorously,  while  a  strong  solution  of  calcium  chloride  is  run  in  slowly 
until  a  sufficiently  copious  deposit  of  the  calcium  salt  of  the  acid  has 
been  formed ;  the  whole  is  filtered  while  hot  through  a  large  Buchner 
filter.  The  filtrate  is  once  more  heated  to  boiling  and  mixed  with 
more  calcium  chloride  solution,  the  process  being  repeated  until  no 
further  deposition  occurs,  when  a  further  small  quantity  may  some- 
times be  obtained  by  the  addition  of  solid  calcium  chloride. 

The  calcium  salt  obtained  in  these  various  operations  is  washed  with 
a  very  little  hot  concentrated  solution  of  calcium  chloride,  and  is  then 
sufficiently  pure  to  be  converted  into  ammonium  salt  by  treatment 
with  ammonium  carbonate  in  the  usual  way. 

The  solution  of  the  normal  ammonium  salt  is  evaporated  to  dryness 
to  convert  it  as  far  as  possible  into  the  hydrogen  ammonium  salt,  then 
dissolved  in  a  little  dilute  hydrochloric  acid,  and  this  solution  again 
evaporated.  The  residue,  which  contains  a  little  ammonium  chloride, 
together  with  the  hydrogen  ammonium  salt,  is  afterwards  worked 
up  by  crystallisation  from  alcohol 

Ammonium  hydrogen  aiUphocampholenecarboxylatet 
COgK-C.Hi.-SOgNH,, 
which  was  thus  obtained,  did  not  lose  water  at  160°,  and  gave  the  follow- 
ing results  on  analysis  : 

0-2104  gave  03503  CO,  and  01335  HjO.     C-45-4;  H-T'O. 
0-5330     „     00347  NHy     N-5-4. 

O10H19O4SN  requires  C  -  453  ;  H  -  7*2 ;  N  -  53  per  oent. 

In  order  to  determine  its  equivalent,  it  was  titrated  against  iV/10 
sodium  hydroxide,  the  number  found  being  261,  whilst  that  calcnlated 
from  the  above  formula  is  265. 

The  compound  is  very  readily  soluble  in  water  and  somewhat  spar- 
ingly so  in  alcohol,  and  its  solutions  expel  carbon  dioxide  from  carbon- 
ate ;  it  crystallises  from  hot  water  in  brilliant  plates,  and  on  spontan- 
eous evaporation  of  its  saturated  aqueous  solution  is  deposited  in  the 
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fonn  of  mafikifioMii  ir&nspAreot  prismt  or  pUteii  wmcu  uAve  a  liutrt 
lik«  that  of  <mldto. 

By  olaavag*,  •longated,  siz-tided  pUten  are  obtaioed,  but  the  faoM 
and  Um  g«DenU  form  of  complete  crystals  are  somewhat  ill-defined, 
and  Um  tyetem  to  which  they  belong  could  not  be  definitely  deter- 
mined. 

For  Che  determination  of  its  rotatory  power,  0-4141  gram  of  the 
mX%  was  diaaolved  in  35  co.  of  water ;  the  rotation  observed  in  a 
S  dm.  tabe  was  a^ -    -  0*23^  whence  [a]D »    -  6*9''. 

The  namuU  ammonium  salt,  prepared  by  neutralising  a  solution  of 
the  foregoing  substance  with  ammonia  and  evaporating  nearly  to  dry- 
ness, forms  slender  needles  and  is  excessively  soluble  in  water. 

The  pojutiimm  hydrogen  salt,  C02H*CgII,4*S03K,  is  very  readily 
soluble  in  water,  and  crystallises  in  the  form  of  slender  needles; 
analysis  gave : 

0-2156  lost  only  0*001  gram  at  150^  and  gave  00670  KjSO^.  K  - 13-9. 
Cj^HijOsSK  requires  K  =  13-7  per  cent. 

The  normal  potassium  salt  was  excessively  soluble  in  water  and 
tlid  not  crystallise. 

The  normal  ealeium  salt,  CjoHj^O^SCa,  is  obtained  on  mixing  con- 
ontrated  solution  of  the  ammonium  salt  and  calcium  chloride,  adding 
.sufficient  ammonia  to  render  the  whole  faintly  alkaline  to  litmus,  and 
heating  to  boiling.  It  is  readily  soluble  in  cold  water,  and  somewhat 
-paringly  so  in  the  hot  liquid,  and  is  partially  precipitated  when  a 
(  onoentrated  cold  solution  is  heated  to  boiling.  It  crystallises  in  fine 
needles,  which  have  straight  extinction  in  polarised  light  : 

0-3638  lost  only  0*002  at  160°,  and  gave  01697  CaSO^.     Ca- 13*7. 
Ci^HjjOjSCa  requires  Ca«-  14*0  per  cent. 

The  normal  barium  salt  is  readily  soluble  in  water  and  separates 
in  a  crystalline  form  when  its  aqueous  solution  is  evaporated  on  the 
water-bath ;  it  is  apparently  not  more  readily  soluble  in  hot  water 
than  in  cold.  The  crystals  are  small,  elongated,  four-sided,  flat 
prisms.  When  these  are  examined  in  convergent,  polarised  light,  an 
axial  figore  of  very  wide  angle  is  seen  to  emerge  perpendicularly 
through  the  largest  faces  ;  if  the  bisectrix  here  is  the  obtuse  one,  as  is 
most  probable,  the  double  refraction  is  positive.     On  analysis  : 

0  5360  lost  nothing  at  159^  and  gave  0*3251  BaSO^.     Ba-S5*8. 
CioHj^OjSBa  requires  Ba-350  percent. 

The  hydrogen  barium  and  hydrogen  calcium  salte  crystallise  in 
slender  needles.  The  hydrogen  magnesinm  salt  was  obtained  in  the 
form  of  glistening,  elongated  plates  with  weak  double  refraction  and 
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straight  extinction,  the  relative  direction  of  greatest  elasticity  and 
length  varying  according  to  the  habit  of  the  crystals. 

The  free  acid  was  prepared  by  exactly  precipitating  the  metal  from 
a  solution  of  the  barium  salt  by  the  addition  of  sulphuric  acid  and 
evaporating  the  filtered  solution  nearly  to  dryness.  No  separation  of 
crystals  occurred  even  after  the  solutions  of  various  concentrations 
bad  remained  during  several  months. 

The  substance  in  aqueous  solution  exhibits  the  properties  of  a  very 
strong  acid,  and  dissolves  zinc  and  iron  rapidly  with  evolution  of 
hydrogen.  When  heated  at  150°,  the  acid  rapidly  became  dark  brown, 
but  was  afterwards  completely  soluble  in  alkali,  and  by  no  process 
was  it  found  possible  to  convert  the  compound  into  an  isomeric 
lactone. 

Action  of  PJiosphwus  Chlorides  and  Bromides  on  Ammonium 
Svlphocampholenecarhoxylate. 

When  the  crystalline  ammonium  salt  of  the  acid  is  triturated  with 
phosphorus  pentachloride  or  bromide,  rapid  action  occurs,  and  if  the 
resulting  liquid  mass  is  poured  upon  ice,  it  slowly  dissolves  in  the 
water  formed,  leaving  only  a  mere  trace  of  oily  material,  and  by 
extracting  the  whole  with  chloroform  or  ether  it  is  possible  to  isolate 
a  small  quantity  of  an  oily  substance,  which  has  the  properties  of  an 
acid  chloride  or  bromide,  but  which  did  not  crystallise  even  after 
several  months,  neither  did  it  afford  any  crystalline  amide.  Attempts 
to  convert  the  acid  chloride  directly  into  the  amide  by  treating  the 
compound  with  ammonia,  before  or  after  separation  from  phosphorus 
oxychloride,  were  also  unsuccessful. 

Many  efforts  were  made  to  eliminate  the  sulphonic  group  by  hydro- 
lysis with  acids  in  closed  tubes,  by  treatment  with  phosphorus  chlorides 
at  high  temperatures,  and  by  fusion  with  alkalis,  but,  although  small 
quantities  of  crystalline  compounds  were  isolated  in  some  cases,  the 
yields  obtained  have  hitherto  rendered  the  investigation  of  the  pro- 
ducts impossible. 

Bromodihydrocampholenesullonecarhoxylic   Acid,  COjH'CjHj^Br'SOj'O 

When  ammonium  hydrogen  sulphocampholenecarboxylate  dissolved 
in  water  is  treated  with  bromine,  the  latter  is  at  first  instantly  de- 
colorised until  about  1  molecular  proportion  has  been  added,  after 
which  the  action  proceeds  more  slowly.  A  white,  oily  precipitate  is 
produced  at  the  same  time,  and  this  at  first  appears  to  redissolve  on 
shaking,  but  soon  becomes  permanent ;  the  addition  of  bromine  should 
be  continued  until  the  amount  of  insoluble  material  does  not  appear  to 
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ioortMS.  No  tmoe  of  lulphuric  acid  it  elimiiuited  daring  th«  prooig. 
TIm  aqoeoot  liqaor  b  decanted  from  the  oil,  which  it  then  diesoUed  in 
chloroform,  wmehed  onoe  or  twioe  with  water,  and  the  solution  dried 
and  allowed  toevaporate  epontaneomtljr,  when  cryatali  of  the  compound 
are  tlowly  deposited.  It  may  be  purified  by  cryMtalliiiation  from  a 
mixture  of  chloroform  and  light  petroleum.     On  analysis  : 

0*8398  gaye  0*3210  00,  and  0*0962  H^O.     C  -  365  ;  H  -  Ai. 
02038    „    01186  AgBr.     Br-24-7. 

(\fiififiBr  requires  0  -  36*7  ;  H  -  4  6  ;  Br  -  245  per  cent. 

The  substance  is  very  sparingly  soluble  in  light  petroleum,  some* 
what  sparingly  so  in  hot  benzene  ;  it  is  readily  dissolved  by  chloroform, 
and  diaeolvee  freely  in  ethyl  acetate,  acetone,  or  in  methyl  or  ethyl 
alcohol 

When  heated  slowly,  the  compound  sinters  below  130^,  darkens,  and 
finally  becomes  dark  brown  in  colour,  becoming  nearly  completely 
fused  and  decomposed  at  about  155°.  When  heated  suddenly  to  165°, 
it  fuses  at  onoe,  then  darkens  and  swells  considerably,  and  finally 
carbonises.  For  the  determination  of  its  optical  activity,  0*4078  gram 
dissolved  in  25  c.c.  of  chloroform  was  examined  in  a  2  dm.  tube;  a 
rotation  of    +024  was  observed,  whence  [a]©  =  +3*70. 

The  presence  of  a  free  carbonyl  group  in  the  bromo-compound  is 
proved  by  the  observation  that  the  latter  dissolved  rapidly  in  cold 
solution  of  sodium  carbonate,  evolving  carbon  dioxide,  and  is  precipi- 
tated unaltered  on  addition  of  a  mineral  acid  to  a  solution  of  any  of  its 
salts.  The  metallic  salts  of  this  acid  did  not  crystallise  readily  and 
were  not  specially  investigated;  when  boiled  with  excess  of  alkalis, 
the  acid  loses  bromine  and  yields  products  whose  nature  is  being  in- 
vestigated.   The  esters  are  characteristic  and  are  easily  prepared. 

TheetAy/ ester,  C0j'CjH5«C,H,^Br-S0./0,  was  prepared  by  boiling  for 

some  hours  a  solution  of  the  acid  in  ten  times  its  weight  of  ethyl 
alcohol  with  a  few  drope  of  strong  sulphuric  acid.  On  cooling  and 
pouring  into  a  large  bulk  of  water,  extracting  the  liquid  with  purified 
ether,  and  washing  the  latter  with  dilute  alkali,  the  ester  is  obtained 
at  once  in  a  crystalline  form,  and  if  sufficient  ether  has  not  been 
employed  may  separate  in  a  solid  form  during  the  process  of  washing, 
when  it  is  not  easily  redissolved.  It  is  purified  by  crystallisation  from 
boiling  light  petroleum. 

The  compound  dissolves  ^Mtdily  in  chloroform,  acetone,  ethyl  acetate, 
alcohol,  or  benzene,  and  somewhat  sparingly  in  cold  ether  or  light 
petroleum.  It  melts  at  100 — 101°.  Its  character  is  shown  by  the 
fact  that  it  is  not  dissolved  by  alkalis,  even  when  hot. 

It  crystallises  from   light  petroleum  in  small  needles   and  from 

4  I  2 
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chloroform  in  elongated,  brilliant,  rectangular  plates  which  occasionally 
show  truncated  angles.  Their  extinction  is  straight  and  the  double 
refraction  is  weak.  The  direction  of  greatest  elasticity  and  length 
appear  sometimes  parallel  and  sometimes  perpendicular  to  one  another. 
When  melted  on  a  glass  slide  below  a  cover  slip,  the  fused  solid  does 
not  resolidify  if  suddenly  cooled  to  the  ordinary  temperature,  but  at  90° 
it  slowly  sets  in  large,  transparent  patches  which  show  aggregate 
extinction : 

0-2520  gave  0-3746  COg  and  0-1208  Bfi.     0  =  405  ;  H  =  5-3. 
CigHigOgBrS  requires  0  =  406  ;  H  =  5-3  per  cent. 

The  methyl  ester,  OOgOHg'OgHi^Br'SOg'O,  was  prepared  in  the  same 

I ^1 

manner  as  the  ethyl  ester,  and  was  extracted  with  chloroform  as  it 
was  found  to  crystallise  from  an  ethereal  extract  when  the  latter  is 
shaken  with  sodium  carbonate.  It  is  best  purified  by  crystallisation 
from  hot  ethyl  acetate.     On  analysis  : 

0-3840  gave  05409  OOg  and  0-1737  H^O.     0  =  384  ;  H  =  50. 
CjiHi^OgSBr  requires  0  =  38-7  ;  H-=4-9. 

The  compound  is  sparingly  soluble  in  ether,  and  very  sparingly  so  in 
light  petroleum.  It  does  not  dissolve  when  heated  with  potassium  or 
sodium  hydroxide,  but  is  dissolved  readily  by  alcohol,  ethyl  acetate, 
chloroform,  or  benzene.  It  crystallises  from  hot  ethyl  acetate  in 
brilliant,  small  pyramids,  and  melts  and  slowly  decomposes  at 
192 — 193°.  Orushed  fragments  of  the  crystals,  examined  in  convergent 
polarised  light,  show  here  and  there  the  interference  figure  character- 
istic of  a  uniaxial  crystal  or  a  biaxial  crystal  of  very  small  axial 
angle.     The  double  refraction  is  negative  and  strong. 


Oxidation  of  Sulphocampholenecnrhoxylic  Acid. 

Potassium  permanganate  was  instantly  decolorised  at  —5°  by  a 
dilute  nolution  of  the  sulphocampholenecarboxylic  acid,  and  the  reduc- 
tion went  on  until  an  amount  of  ()ermanganate  had  been  used  which 
is  equivalent  to  6  atomic  proportions  of  oxygen,  when  the  colour 
became  persistent  and  was  only  removed  by  warming  on  the  water-bath. 
If  the  solution  was  then  freed  from  manganese  dioxide  by  filtration  and 
concentrated,  a  viscid  mixture  of  salts  remained  which  failed  to  yield 
crystals  under  any  mode  of  treatment  which  was  adopted,  and  if  the 
whole  was  rendered  strongly  acid  by  the  addition  of  a  mineral  acid,  it  waa 
not  found  possible  to  remove  any  appreciable  amount  of  material  by 
extraction  with  ether,  ethyl  acetate,  acetone,  benzene,  or  chloroform. 
Btpce  sq^h  a  behaviour  is  incompatible  with  the  presence  of  simple 
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imrbozjiiq  Acid9,  ii   luusi   uo  surmtaed   that  the  lu.ii^riai  was  altuoHt 
whollj  coapoted  of  aulphonio  molds,  suIphosArbozjlio  aoida,  or  their 

■ate 

On  aoidif  jing  the  oonoentrated  alkaline  liquor  oontainiog  the  oxida- 
tion product  with  acetic  acid,  no  trace  of  precipitate  waa  formed  on  the 
addition  of  calcium  chloride,  hence  oxalic  acid  waa  not  formed  ;  barium 
chloride  afforded  only  a  very  alight  precipitate,  so  that  sulphuric  acid 
waa  not  preeent  in  any  important  quantity.  When  ateam  waa  paaaod 
through  the  hot  oxidation  mixture  after  acidi6cation  with  sulphuric 
acid,  an  acid  liquor  distilled  ;  this  had  an  acetone-like  odour,  but  a  suffi- 
ciently large  quantity  of  the  acid  waa  not  obtained  to  serve  for  ita 
identiScation. 

Attenpta  to  prepare  crystalline  acid  bromides,  chlorides,  esters,  or 
aalts  from  the  oxidation  product  were  invariably  unsuccessful.  On 
attempting  to  remove  the  sulphonic  group  by  hydrolysis  of  the 
material  with  acids  at  high  temperatures,  either  by  using  super- 
heated ateam  or  by  heating  in  closed  tubes,  a  small  quantity  of  a 
sparingly  soluble  substance  was  obtained,  but  its  examination  did 
not  afford  any  results  of  interest. 

It  was  finally  decided  to  investigate  the  action  of  fused  alkalis  on 
the  oxidation  product ;  this  process,  which  with  the  original  substance 
led  to  charring,  in  the  present  case  proceeded  rapidly  and  with  very 
little  darkening ;  both  sulphites  and  sulphates  were  detected  in  the 
fusion  product. 

In  examining  the  product,  the  alkaline  mass  was  dissolved  in  a 
small  quantity  of  water  and  treated  carefully  with  a  considerable 
quantity  of  moderately  strong  sulphuric  acid,  the  liquid  after  cooling 
waa  aeparated  by  filtration  from  the  deposited  potassium  sulphate, 
which  was  thoroughly  washed  with  ether,  the  latter  being  then  used 
to  extract  the  liquid  in  a  continuous  extraction-apparatus.  Aiter 
some  days'  treatment,  the  ether  was  removed,  dried  over  calcium 
chloride,  and  evaporated.  An  oily  residue  was  left,  which,  after  a  time, 
became  semi-crystalline. 

As  a  preliminary  investigation  of  the  crystalline  material  showed 
that  it  gave  a  sparingly  soluble  copper  salt,  the  whole  of  the  oily  mixture 
of  adds  was  dissolved  in  water,  the  solution  rendered  faintly  alkaline 
with  ammonia,  and  then  mixed  with  a  concentrated  solution  of  copper 
acetate.  On  boiling,  a  copious  light  blue  precipitate  was  obtained,  and 
this  waa  aeparated  by  filtration.  The  filtrate  from  this  salt  waa  freed 
from  copper  by  means  of  hydrogen  sulphide  and  evaporated,  when  only 
a  relatively  small  quantity  of  acid  material  was  left,  and  the  examina- 
tion of  this  did  not  lead  to  any  results  of  interest.  The  sparingly 
soluble  copper  salt  was  suspended  in  water  and  decomposed  by  means 
of  hydrogen  sulphide,  and  the  free  acid  obtained  in  the  oaoal  way. 
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On  evaporation  of  its  aqueous  solution,  the  acid  was  deposited  in 
crystals  and  was  purified  by  recrystallisation  from  hot  fuming  hydro- 
chloric acid.  It  was  finally  obtained  in  the  form  of  slender  needles, 
and  melted,  a  little  indefinitely,  at  85°.     On  analysis  : 

0-3128  gave  0-6025  CO2  and  0-3823  HjO.     0-525;  H=13'6. 
OyHijO^  requires  0  =  52*5  ;  H  =  13*3  per  cent. 

The  equivalent  was  determined  by  titration  with  iVyiO  sodium  hydr- 
oxide, using  phenolphthalein  as  indicator ;  the  number  obtained  was 
80*5,  whilst  that  calculated  for  an  acid  of  the  formula  O^HjgO^  is  80. 

The  properties  of  the  acid  were  therefore  very  similar  to  those  of 
aa-diinethylglutaric  acid,  for  although  the  true  melting  point  of  this 
substance  appears  to  be  90°,  this  has  only  been  observed  on  one 
occasion  (Perkin  and  Smith,  this  vol.,  13),  and  with  the  synthetical 
acid  (compare  also  Tiemann,  Ber.,  1895,  28,  2176;  Blanc,  Bull.  Soc. 
chim.,  1898,  [iii],  19,  248,  and  Perkin,  Trans.,  1898,  73,  847). 

For  the  complete  identification  of  the  acid,  it  was  converted  into  its 
anhydride  by  treatment  with  boiling  acetyl  chloride  ;  the  product  crys- 
tallised from  a  mixture  of  ethyl  chloride  and  light  petroleum  in 
beautiful,  glistening,  flat  needles  melting  sharply  between  37°  and  38°. 

From  the  pure  anhydride,  the  anilic  acid  was  prepared  by  the  usual 
method ;  it  crystallised  from  ethyl  formate  in  well-formed,  four-  and 
six-sided  leaflets  and  melted  at  143°.  Perkin  (Trans.,  1898,  73,  847) 
gives  38°  and  144°  as  the  melting  point  of  the  anhydride  and  anilic 
acid  of  aa-dimethylglutaric  acid. 

There  can  be  no  doubt,  therefore,  that  the  substance  obtained  from 
sulphocampholenecarboxylic  acid  in  the  manner  above  described  is 
aa-dimethylglutaric  acid. 

Chemical  Department, 

Goldsmiths'  Institute,  New  Cbou,  S.E. 


CIX. — Optically  Active  Esters  of  fi-Ketonie  and 
P'Aldehydic  Acids,  Part  III.  Azo-derivatives  of 
Menthyl  Acetoacetate, 

By  Arthur  Lapworth. 

Among  the  numerons  types  of  carbon  compounds  which  exhibit  the 
phenomenon  known  as  tautomerism*  or  labile  isomerism  in  virtue  of 

•  The  author  employs  this  term  to  include  all  caaes  of  labile  isomerism  in  which 
a  labile  hydrogen  atom  only  is  concerned,  and  whether  the  isomeridea  are  capable  of 
iaolatioo  or  not.    The  nomenclature  of  the  subject  of  iaomerio  change  is  at  praaent 
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Um  pgtt<uc6  of  a  Ubile  hydrogen  atom,  thoro  nuj  be  pUced  that  coiu- 
pcinag  Um  aio-ketones  or  a-diketonehjdmoBM.  The  quettion  of  the 
taaliMMriiia  of  these  oompoonds  is  in  a  meaaure  inTolved  with  that  of 
thm  erlAebTdrozyaio-coiiipoaiida  of  the  aromatic  Mriea,  and  therefore 
aleo  with  that  of  the  related  poro-com pounds. 

The  possible  stmetuFal  oonfigorations  of  the  labile  portion  of  the 
siinple  ato-ketones  are  three  in  number,  namely  : 

III  III  III 

o-c:u«n:n  o:o-c-n:n  o:c-c:n-n 

k  i  tf 

(Annol)  (Azone)  (Hydrasonone) 

of  which  the  first  represents  the  azo-derivative  of  the  enolic  compound, 
the  second  is  the  true  azo-ketone,  and  the  third  corresponds  with  the 
hydrazone  of  the  a-diketone.  The  terms  suggested  for  these  isomerides 
do  not  appear  to  require  special  explanation. 

The  occurrence  of  tautomerism  in  this  class  of  compounds  is  indicated 
in  the  first  instance  by  the  fact  that  in  attempting  to  prepare  the 
possible  isomerides  one  and  the  same  substance  is  always  obtained, 
the  product  obtained  by  the  action  of  phenylhydrazine  on  an  a-diketone 
being  identical  with  that  obtained  by  treating  the  corresponding  mono- 
ketone  or  its  a-carboxylic  acid  with  benzenediazonium  salts  in  alkaline 
or  faintly  acid  solution.  Again,  it  is  well  known  that  the  hydrazooes 
prepared  from  the  quinones  are  identical  with  the  so-called  hydroxy- 
aao-oompounds. 

Amongst  related  compounds,  the  free  azo-deri natives  of  the  nitro- 
paraffins  are  now  regarded  as  the  hydrazones  of  the  nitroaldehydes, 

NO,-C:N*NUPh  (Bamberger,  Ber,  1898, 31,  2626),  whilst  their  sodium 
derivatiTes  are  supposed  to  be  derived  from  the  nitronic  acids  of  the 

azo-paraffins,  ONa-NO:C-N:NPh. 

That  a  labile  isomerism  subsists  between  the  simple  azocompounds 
of  the  paraffins  and  the  isomeric  hydrazones  has  been  demonstrated  by 
Fischer  {Ber.,  1896,  29,  794),  who  showed  that  benzeneasoethane, 
C^Hj'NIN'CHj'CHj,  is  converted  by  sulphuric  acid  into  the  hydraione 
of  aceUldehyde,  CjHj-NH-N'.CH-CHy 

It  ia  probable  that  the  azo>derivatives  of  those  fatty  compounds 
which  contain  the  grouping  •CO*CHj*CX)'  have  been  more  closely 
investigated  than  any  other  division  of  the  group.  In  this  section,  the 
occurrence  of  tautomerisn^is  exhibited  in  a  variety  of  ways,  and,  as  is 
very  general,  only  one  of  the  free  isomerides  appears  to  be  produced  in 
each  instance.     It  is  well  known  for  example,  that  the  benzeneaso- 

in  a  most  onaatiabctory  atate,  bat  aa  the  abore  word  baa  been  moetly  used  ia 
referring  to  the  cases  specified  there  appears  to  be  no  good  reason  for  rejecting  it 
here,  although  it  owes  its  origin  to  a  mistaken  interpretation  of  the  beta. 
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derivative  of  diethyl  rnaloiiate  is  ideutical  with  the  phenyibydrazoDe  of 
diethyl  mesoxalate,  so  that  it  may  be  presumed  that  in  this  case  there 
is  a  labile  isomerism  between  the  forms 

CeH5-N:N-CH{C02Et)2  and  CgH^'NH-N:C(C02Et). 

In  spite  of  the  considerable  amount  of  attention  which  has  been 
devoted  to  these  compounds,  it  cannot  be  claimed  that  the  constitu- 
tions of  the  stable  forms  have  been  satisfactorily  determined.  The 
greater  number  of  the  representatives  of  this  class  are  capable  of 
reacting  with  a  second  molecule  of  a  diazotate,  and  in  the  process 
the  molecule  breaks  down  and  a  formacyl  compound  is  obtained,  an 
acyl  group  being  removed  : 

Ph-Nj-OH  +  R-CO-CH  R-NjPh  =  R-COaH  +  Ph-NH-NICR-NjPh, 

and  a  similar  process  occurs  when  a  diazotate  reacts  with  a-substi- 
tuted  acetoacetic  esters,  and  a  compound  which  is  most  probably  of  a 
hydrazone  type  is  once  more  obtained  : 

Ph-JSg-OH  +  CHg-CO-CHMe-COgEt  = 

CHg-COgH  +  Ph-NH-NICMe-CO^Et. 

Judging,  therefore,  from  the  apparently  great  tendency  towards  the 
formation  of  hydrazones,  the  most  probable  view  of  the  constitution 
of  the  stable  form  of  the  azo-derivatives  of  acetoacetic  esters  is  that 
these  also  are  hydrazones.  The  azo-derivatives  of  ethyl  acetoacetate, 
however,  are  dissolved  by  alkalis,  and  this  observation  has  recently 
led  to  their  formulation  by  Biilow  (^er.,  1899,  32,  197)  asazones,  since 
their  behaviour  in  this  respect  resembles  that  of  the  parent  ester, 
which,  under  ordinary  circumstances,  contains  the  'CO'CHj*  group 
almost  exclusively.  On  the  other  hand,  this  property  really  points  to 
the  production  of  the  azoenol,  as  there  now  seems  good  reason  to 
believe  that  the  sodium  derivatives  of  the  )3-diketones  and  ^-ketonic 
esters  are  derived  from  the  enolic  and  not  from  the  ketonic  forms. 
In  fact,  the  behaviour  of  the  azo-compounds  with  alkalis  is  quite 
consistent  with  the  view  that  the  free  compounds  are  hydrazonones, 
converted  by  alkalis  into  azoenols ;  this  assumption  has  already  been 
made  by  Betti  in  a  somewhat  similar  instance  {Ber.,  1899,  32, 
1995),  and  is  exactly  similar  to  the  view  which  Bamberger  has  taken 
(loc.  ciU)  of  the  azo-nitroparaffins. 

It  is  improbable,  however,  that  the  question  will  be  finally  disposed 
of  until  the  materials  are  subjected  to  a  thorough  examination  by 
physical  methods,  but  in  the  present  paper  the  azone  formula  will  be 
used  for  the  sake  of  simplicity. 

It  seemed  not  unlikely  that  new  light  might  be  thrown  on  the 
chemistry  of  these  azo-oompounds  by  an  examination  of  some  optically 
active  representatives  of  high  molecular  weight,  as  had  already  been 
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ikNM    ID    Um    cam    of    aoetoacoiic    nini     »ii<i    ioriii^  i^MiiMijrincetic  acid 

(Upwortb  and  Uaon,  Tnuuk,  1902,  81,  1491,  and  U99),  aspMUllj 
nnM  tbej  also  might  exhibit  mutarotatioD  (Lowry,  Traot.,  1899,  70, 
Sll),  i^  IMTopartj  which  would  be  of  some  asaistaDoe.  A  number  of 
aBo-derivatiYee  of  men  thy  1  acetoaoetate  were  therefore  prepared  for 
thU  pnrpoee,  but  it  toon  became  clear  that  these  would  not  eaailj  be 
obtainecl  in  more  than  one  isomeric  form,  since  their  tendency  to 
assume  a  crystalline  state  is  so  feeble  that  in  all  cases  the  original 
products  persisted  as  oils  during  periods  of  many  months ;  this 
property  is  dependent  to  some  extent  on  their  high  molecular  weight, 
and  it  has  been  observed  before  (Trans.,  1902,  81,  1500)  that  many 
menthyl  esters  crystallise  with  extreme  sluggishness  ;  it  is  doubt- 
lees  also  in  part  to  be  accounted  for  by  the  fact  that  the  oils  are 
alasosi  eeriainly  mixtures  of  several  tautomeric  and  stereochemical 
fomis. 

The  aso^esters  finally  obtained  are  very  well-defined  compounds 
with  the  same  light  yellow  colour  which  is  characteristic  of  the 
corresponding  ethyl  ebters.  When  dissolved  in  varioas  media,  they 
exhibit  mutarotation  of  an  unexpectedly  large  magnitude.  In 
chemical  behaviour,  the  compounds  closely  resemble  the  corresponding 
eUiyl  esters,  but  apparently  differ  from  them  in  being  practically 
insoluble  in  aqueous  sodium  hydroxide,  no  matter  how  finely  divided 
they  may  be.  If,  however,  alkali  be  added  to  an  alcoholic  solution 
of  any  of  the  esters,  a  deep  red  coloration  is  at  once  produced,  and 
this  exactly  resembles  the  tint  of  aqueous  solution  of  the  sodium 
derivative  of  the  ethyl  esters;  if,  now,  water  is  added  to  the 
alcoholic  solution,  the  colour  entirely  disappears,  which  is  not  the  case 
with  the  ethyl  esters.  The  explanation  of  this  distinction  is  no  doubt 
ibat  the  menthyl  ester  is  much  more  sparingly  soluble  in  water  than 
are  the  ethyl  esters,  so  that  the  amount  of  free  ester  in  the  saturated 
aqueous  solution  is  smaller  than  that  arising  from  the  bydrolytic  dis- 
sociation of  the  sodium  compound,  hence  no  chemical  difference  is 
indicated  by  this  behaviour. 

The  initial  rotatory  powers  of  the  dissolved  aso-esters  are  exceedingly 
small  in  comparison  with  those  of  the  majority  of  menthyl  esters,  but 
rise  to  values  which  ate  of  the  order  usually  observed  m  such  esses. 
[Tnchugaeff,  who  has  examined  a  large  number  of  menthyl  esters 
{J.  Jiuu.  Phya.  Chem,  Soc.,  1902,  34,  6069.  Compare  aUo  Abstr., 
1903,  ii,  1),  has  found  that  their  molecular  rotations  lie  within  the 
limits  [MJo  —  150 — 290°  in  the  case  of  those  derived  from  monobasic 
acids,  the  values  being  about  twice  as  great  in  the  esters  of  dibasic 
acids.] 

In  the  ease  of  the  menthyl  aaoacetoacetatas,  the  initial  values 
for  the  molecular  rotations  are  about  one-third  to  one-half   of  the 
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lower  limiting  value  found  by  Tschugaeff,  and  in  course  of  time  the 
values  increased  to  2J  to  5  times  the  original  ones. 

This  observation  may  be  interpreted  in  more  than  one  way,  of 
which  perhaps  the  most  natural  is  to  assume  that  no  general  law  can 
yet  be  held  to  apply  to  the  rotatory  powers  of  menthyl  esters. 

There  is  a  second  suggestion,  however,  which  may  possibly  prove 
correct,  namely,  that  in  the  acid  residue  of  these  salts  there  may  be 
an  asymmetric  carbon  atom,  which  would  be  the  case  if  the  solid  com- 

pounds  had  the  a2;<me  formula,  CHg' CO* CH<^>^.^^o    i^.   A  substance 

having  this  structure,  containing  as  it  does  the  optically  active 
^menthyl  radicle,  would  be  capable  of  existing  in  two  non-superposable 
forms,  which  may  be  designated  dl  and  II.  Since  the  asymmetry  of 
the  acyl  residue  arises  during  the  preparation  of  the  azo-com pounds, 
both  forms  would  be  produced,  and  in  different  amounts.  However, 
the  hydrogen  attached  to  the  asymmetric  carbon  atom  is  labile,  so 
that,  owing  to  the  readiness  with  which  tautomeric  change  occurs, 
it  is  only  to  be  expected  that  when  one  of  these  forms  begins  to 
separate  in  the  solid  state  the  amount  of  the  second  form  left  in 
solution  would  diminish  to  a  corresponding  extent  in  establishing 
the  equilibrium  thus  disturbed,  so  that  only  the  first  form  will  be 
obtained.  It  will  be  seen  that  this  is  the  more  likely  to  occur  when  it 
is  remembered  that  it  was  several  months  before  even  one  solid  form 
of  any  of  these  esters  began  to  be  deposited. 

It  was  hoped  that  evidence  on  this  point  would  be  obtained  if  the 
labile  hydrogen  atom  could  be  replaced  by  a  non-labile  atom  or  group. 
The  action  of  bromine  on  the  compounds  was  therefore  investigated, 
and  a  series  of  substances  was  obtained  which,  on  analysis,  gave 
numbers  for  carbon  and  hydrogen  in  close  agreement  with  those 
calculated  for  mono-bromo-derivatives  of  the  original  esters. 

Later  on,  however,  it  was  noticed  that  the  analytical  numbers  agreed 
equally  with  those  calculated  for  substances  in  which  an  acetyl  group 
had  been  removed  by  hydrolysis,  and  that  this  had  actually  taken 
place  was  proved  by  determination  of  the  halogen. 

The  compounds  are  also  produced  when  menthyl  a-bromoaoeto- 
acetate  is  treated  in  alcoholic  solution  with  diazotates,  the  change 
here  being  similar  to  that  which  occurs  when  the  a-alkyl  substituted 
aoetoacetic  esters  are  treated  in  a  similar  way.  Judging  by  the  two 
modes  of  preparation,  they  must  be  compounds  analogous  in  con- 
stitution to  the  imide  chlorides,  and  their  formation  may  be  repre- 
sented as  follows  : 

aHBrAc-CO,-C,oH,j  +  OH-N,Ph  -  OHj-CO^  +         1      fJ-NHPh 
OHAo«CO,-C,oH,9  +  Br,  +  H,0  -  HBr  +  OH.-OOjH  +  JBr-O-COjCioH,; 
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TImj  thai  MoDg  to  a  new  cIam  of  compounds,  aliliotigh  uno  n^prc- 
8«nUUT«  of  Um  elan  of  simple  hydrastde  chloriJen  han  been  iroUtod 
by  Pechmann  and  Seeberger  (B^r.,  1894,  27,  322  and  2123),  who 
obtained  it  by  the  action  of  phosphorus  pentaohloride  on  /9-benzoyl- 
phenylhydrasine : 

but  the  sobetanoe  does  not  appear  to  have  been  yery  closely  inve^ 
tigated. 

The  new  compounds  behave  chemically,  so  far  as  could  be  ascer- 
tained with  the  small  amounts  available,  in  the  way  which  might  be 
antietpat6d,rea^ting  very  readily  with  cold  alkalis,  ammonia,  and  other 
sabetaooes  which  react  easily  with  acid  chlorides  and  bromides.  The 
closer  study  of  the  corresponding  ethyl  esters  will  shortly  be  under- 
taken, as  these  will  doubtless  be  far  more  easily  obtaiDed. 

It  may  be  added  that  these  compounds,  which  may  be  termed 
"menthyl  bromomethylenehydrazonecarboxylates,"  do  not  exhibit  a 
trace  of  mutarotation. 

During  the  course  of  the  work,  it  was  thought  desirable  to  attempt 
the  preparation  of  some  menthyl  derivatives  of  the  formazylcarboxylic 
acids;  the  ethyl  esters  of  these  acids  are  obtained  from  the  ethyl 
asoaoetoaoetates  by  the  action  of  dinzotates  in  alkaline  solution, 
and  it  was  found  that  menthyl  derivatives  were  also  produced  under 
similar  conditions,  but  apparently  with  much  greater  difficulty,  and 
success  was  met  with  only  in  one  or  two  instances. 

The  formazyl  esters  may  be  of  a  mixed  character,  that  is  to  say, 
the  second  diazo-residue  may  be  different  from  the  first  one  ;  thus,  if 
menthyl  aoetoaoetate  is  treated  successively  with  diazotised  aniline 
and  p-toluidine,  the  isomerides 

•CX),-CioH„  and  C-CO,-C,oH,j 

N:N-CeH^-CH,  K-NH-C.H^-CH, 

are  possible,  as  well  as  the  bisazo-compound,  in  which  the  labile 
hydrogen  is  attached  to  the  median  carbon  atom.  The  occurrence  of 
isomerism  or  of  mutarotation  in  such  a  compound  would  therefore  be 
of  considerable  interest,  but  although  mixed  formazyl-esters  were 
obtained,  no  itsomerism  could  be  detected,  and  the  solutions  were  so 
strongly  coloured  that  no  determinations  of  rotatory  power  could  be 
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Practical. 
Menihyl  Phenylazoacetoacetate,  CgH5-N2«CH(CO-CH8)*COj'CioHi9. 

In  preparing  this  substance,  20  grams  of  menthyl  acetoacetate  were 
dissolved  in  500  c.c.  of  alcohol,  and  to  the  ice-cold  solution  was  added 
1  molecular  proportion  of  benzenediazonium  sulphate  dissolved  in  the 
smallest  possible  quantity  of  ice- water,  when  the  solution,  originally 
colourless,  slowly  became  light  yellow  in  colour.  The  complete 
conversion  of  the  ester  into  its  azo-derivative  was  secured  by  the 
gradual  addition  of  excess  of  finely-powdered  sodium  acetate  to  the 
solution,  which  was  thoroughly  shaken  and  cooled  after  each  such 
addition.  At  the  end  of  24  hours,  water  was  added  to  dissolve  the 
sodium  sulphate,  and  the  precipitated  yellow  oil  repeatedly  washed 
with  water. 

The  product  did  not  deposit  a  trace  of  crystalline  matter  until 
nearly  nine  months  had  elapsed  since  it  had  been  prepared,  but  finally 
set  completely  to  a  mass  of  large,  transparent  crystals.  Portions  of 
this  tranbferred  to  other  preparations  of  the  same  substances  which 
had  been  made  by  modifications  of  the  above  method  caused  their 
rapid  solidification. 

For  the  purification  of  the  substance,  it  was  crystallised  fit)m  light 
petroleum.     On  analysis  : 

0-2612  gave  06677  COg  and  0-1881  H^O.     C  =  69-7;  H-8-0. 

0-2525     „     0-6497  COj    „    0-1840  HaO.     C-70-1 ;  H-8-1. 

CgoHggOgNj  requires  C  =  69*8  ;  H  -  8-1  per  cent. 

The  compound  is  readily  soluble  in  cold  chloroform,  carbon 
tetrachloride,  benzene,  ethyl  acetate,  ethyl  formate,  or  acetone,  and 
somewhat  less  readily  in  light  petroleum;  it  dissolves  somewhat 
sparingly  in  cold  ethyl  or  methyl  alcohol,  but  i.i  much  more  freely 
dissolved  by  these  liquids  when  hot,  and  often  separates  from  them 
on  cooling  as  an  oil. 

The  crystals  obtained  from  warm  light  petroleum  are  prisms  or 
pyramids  with  a  lemon-yellow  colour ;  from  hot  alcohol,  the  substance 
separates  in  triangular  plates,  amongst  which  remarkable  twin  forms 
are  frequently  noticeable ;  it  is  deposited  from  the  cold  liquid  in  the 
form  of  prisms,  which  in  polarised  light  show  straight  extinction. 

The  crushed  fragments  of  the  crystals,  examined  in  cedar-wood  oil, 
present  the  appearance  of  thin  cleavage  sheets  ;  if  these  are  observed 
in  convergent  polarised  light,  in  most  cases,  the  bisectrix  of  an  inter- 
ference figure  of  wide  axial  angle  may  be  made  out.  The  double 
refraction  is  positive  and  strong. 

The  compound  is  not  dissolved  by  cold  alkalis  either   in    dilute 
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or  tlroiif  folation.  If,  howeTer,  alk%li  is  added  to  a  cold  alooholio 
•olutioo  of  the  nubnUnoe,  a  r«d  coloration  appoara,  Rimilar  to  that 
prodnoed  under  similar  conditions  by  the  corresponding  ethyl  ester ; 
oo  adding  water,  however,  the  suhstance  is  repredpitated,  the  solntioo 
becoming  quite  colourless ;  the  same  behaviour  is  exhibited  by  the 
three  eloeely  allied  aioeoetoeoetio  esters  which  are  described  in  this 


For  the  determination  of  the  optical  activity  of  the  subntance, 
0*4046  gram  was  dissolved  in  25  c.c.  of  benzene ;  10  minutes  after 
making  up  the  solution,  the  rotation  in  a  2  dm.  tube  was  -0*70*', 
[«]b  »  -  31*6° ;  at  the  end  of  8  days,  the  rotatory  power  had 
constant,  the  final  value  being  [a  ]d  *«  -  52*5°  ;  the  mutarotation 
was  aocelerated  by  traces  both  of  bases  and  of  alkalis. 

MerUhyl  p'Tolusneazoaeetoacetaief 
CH,-CeH,-N,-CH(CO-CHj)-CO,-C,oH,9. 

This  substance  was  prepared  by  processes  exactly  similar  to  those 
employed  in  making  the  corresponding  benzeneazo-compound.  The  oil 
initially  obtained  did  not  crystallise  for  six  months,  but  finally  solidi- 
fied almost  completely.  It  was  purified  by  crystallisation  from  light 
petroleum.     On  analysis : 

0*3238  gave  0*8328  CO,  and  0*2501  H,0.     C «  70*1 ;  H  -  8*6. 
C,iH,^jO,N,  requires  C  «  70*3  ;  H  «  8*4  per  cent 

The  oompound  resembles  the  corresponding  benzeneazo-derivative  in 
its  general  properties,  but  is  rather  less  soluble  in  all  the  ordinary 
media,  and  separates  in  a  crystalline  form  with  greater  readiness. 

It  is  deposited  from  alcohol  or  light  petroleum  in  transparent  plates 
or  prisms  which  melt  at  86 — 87°.  The  crystals,  which  separate  on 
rapidly  evaporating  a  drop  of  the  solution  on  a  glass  slip,  are  usually 
six-sided  plates,  which  are  often  nearly  regular  hexagons ;  and  theee, 
when  examined  in  plane-polarised  light,  extinguish  parallel  to  one  pair 
of  sides.  Crushed  fragments  of  the  larger  crystals,  in  convergent 
polarised  light,  frequently  show  an  interference  picture,  which  shows 
t  hat  the  crystals  are  uniaxial  or  nearly  so.  The  double  refraction  is 
strong  and  positive  in  sign. 

The  mutarotation  of  this  compound  was  studied  in  a  number  of 
different  solvents. 

0*4071  gram  was  dissolved  in  25  c.c  of  benzene.  Eight  minutet 
after  solution,  its  rotatory  power  was  found  to  be  [o]o  -  -  11  *8° ;  after 
about  3  days,  the  value  had  risen  to  36*5°,  in  5  days  to  59*6°  and 
after  7  days  a  constant  value  of  [ajp  -    >  61*6°  was  attained. 

A  similar  solution  containing  1*6  grams  in  100  cc  of  benzene  was 
prepared  and  divided  into  three  portions,  which   were  placed  in  tubes. 
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Observations  extending  over  24  hours  indicated  that  the  mutarotation 
in  each  case  was  taking  place  at  about  the  same  rate.  Two  of  the  tubes 
were  opened  and  one  drop  of  diethylamine  and  liquid  trichloroacetic 
acid  respectively  introduced  into  each,  and  the  subsequent  velocities 
of  mutarotation  ascertained ;  in  the  case  of  the  unopened  tube,  a 
gradual  fall  during  a  further  period  of  six  days  was  noticeable, 
the  final  value  being  [a]^  =  —61*3°  ;  with  that  containing  the  base, 
the  constant  value  [a]D=  -  61*5°  was  attained  in  less  than  20  minutes, 
and  in  the  third  tube  the  rotation  rose  to  [ajo---  -61*3°  within 
4  hours.  Acceleration  was  also  found  to  be  produced  by  primary  and 
tertiary  bases  and  also  by  bromoacetic  acid,  salicylic  acid,  and  hydrogen 
chloride. 

The  mutarotation  in  acetone  is  much  more  rapid  than  in  benzene  ; 
as  the  substance  dissolves  somewhat  slowly  in  this  medium,  it  is 
not  possible  to  obtain  the  approximate  value  of  the  initial  specific 
rotation. 

With  a  solution  in  acetone  containing  0*3999  gram  of  the  compound 
in  25  c.c,  the  rotation  observed  10  minutes  after  the  first  contact  of 
the  soKd  and  solvent  gave  [ajo  =  -40*64°,  and  at  the  end  of 
24  minutes  the  final  value  [ajo  =  —  47*9°  was  reached.  It  was  not 
found  very  easy  to  dissolve  the  compound  rapidly  and  completely  in 
alcohol,  ethyl  acetate,  or  ether,  but  a  very  distinct  mutarotation  was 
observed  in  each  of  these  media  when  no  attempt  was  made  to 
employ  measured  quantities  of  material,  and  was  always  in  the 
sense  of  an  increase  in  rotatory  power. 

Menthyl  p-BromophenylazoacetoacetaiSf 
CgH^Br-N2-CH(CO'CH8)-COj-CioHi9. 

The  oil  which  resulted  on  adding  sodium  acetoacetate  to  a  dilute 
alcoholic  solution  of  menthyl  acetoacetate  and  p-bromobenzene- 
diazonium  sulphate  remained  liquid  for  several  months,  but  crystallised 
when  seeded  with  the  solid  p-tolueneazo-ester.  It  was  recry stall ised 
from  hot  ethyl  acetate,  and,  on  analysis  : 

0-2151  gave  0*4508  COj  and  01223  HjO.     C-57-1 ;  H-6-3. 
CjoHjyOjNjBr  requires  C  =  56*9  ;  H  =  6*4  per  cent 

The  compound  is  much  less  sparingly  soluble  in  the  ordinary  media 
than  are  the  esters  already  described  ;  it  also  shows  more  distinct  ten> 
dency  to  separate  in  a  crystalline  form.  The  crystals  obtained  by  the 
rapid  cooling  of  the  solutions  are  yellow,  transparent,  nearly  square 
plates  or  prisms ;  if  the  cooling  is  very  slow,  the  crystals  may  attain  a 
considerable  size  and  are  often  beautifully  facetted.  They  melt  at 
119—121° 
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Od  •mmioAtioD  of  cruabed  fragmenU  of  the  oryttalt  in  ooDTargent 
pokriied  light;  it  is  ocoMioiuJly  poctible  to  dittinguitb  int«rftr«Doe 
figOTM  which  iDdioate  that  the  crystal  is  uniaxial  The  double  refrac- 
tion ia  poaitiTe  in  sign  and  is  strong. 

With  the  purpose  of  determiniog  the  optical  behaviour  of  the  sub- 
slanoe  io  solution,  0*7999  gram  was  dissolved  in  50  c.c.  of  beosene 
and  thr resulting  solution  divided  and  placed  in  four  tubes  ;  13  minutee 
after  solution,  the  rotation  observed  in  one  of  these  was  [aji, «  — 12*84% 
and  did  not  alter  appreciably  in  30  minutes ;  at  the  end  of  24  hours, 
the  routory  power  had  risen  to  [a]D-  —17*32°.  In  the  two  other 
tubes,  the  rise  was  slightly  less  rapid  during  the  same  time,  the  values 
[a]o-*  -16-99'' and  -  17*14°  being  reached;  to  the  former  of  these 
was  then  introduced  a  drop  of  liquid  trichloroacetic  acid,  when  a  rise 
to  —41*34°  ooourred  within  25  minutes,  and  a  constant  value 
[ajo*  -46*40°  was  attained  in  about  75  minutes;  to  the  second,  a 
drop  of  tri propylamine  was  added,  when  the  rotatory  power  rose 
within  1  minute  to  [a]D»  -44*23°  and  became  constant  at  -46*68° 
within  half  an  hour.  In  the  case  of  the  unopened  tube,  about  fourteen 
days  elapsed  before  the  rotatory  power  became  constant  at  -  46*88°. 

Mtnihyl  p-Chlorobenzeneazoacelocicetate, 
CjH^Cl-N,-CH(CO-CH8)-CO,-CioHi9. 

This  substance  became  crystalline  when  seeded  with  the  correspond- 
ing p-bromo-  or  p-methjl  esters,  and  was  purified  by  crystallisation 
from  ethyl  acetate.     On  analysis  : 

0*2738  gave  0  6392  CO,  and  0  1794  H,0.     C  =  63*7 ;  H  -  7*3. 
C^H^OgNjCl  requires  C  =  63*4 ;  H  =  7*2  per  cent. 

This  substance  closely  resembles  the  corresponding  bromo-com pound 
in  appearance,  crystalline  form,  and  solubility  in  different  media;  it 
melts,  however,  at  103—105°. 

Like  the  preceding  esters,  this  compound  exhibits  mutarotation.  A 
solution  containing  0*4010  gram  of  the  ester  in  25  c.c.  of  benzene  had 
a  rotatory  power  [ajo*  -15*43°,  8  minutes  after  the  first  contact 
with  the  solvent,  and  a  gradual  increase  in  rotatory  power  occurred 
during  8  days  when  a  constant  value  [ajo-"  -55*79°  had  been 
reached. 

Action  of  PhenijlhydraztTU  an  the  Azo-dtrivatim^  qf  Menthyl 
AcetoacelaU,     Formatum  of  Azopfraaotemm, 

Menthyl  benzeneazoacetoaoetate  dissolved  in  glacial  acetic  acid  was 
mixed  with  excels  of  phenylhydrazine  in  the  same  solvent,  and  the 
whole  then  warmed  for  about  2  hours  on  the  water-bath ;  on  cooling, 
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a  deposit  of  brilHaDt  red  needles  was  obtained.     These  were  separated, 
recrjstallised  from  acetic  acid,  and,  on  analysis : 

0-2132  gave  0-5391  COg  and  0-0994  HjO.     C  =  69-0 ;  H  =  5-2. 
CjgHj^ON^  requires  0  =  69*1  ;  H  =  5-0  per  cent. 

The  substance  crystallised  in  yellow  or  orange  needles  or  elongated 
plates.  The  resulis  of  the  analysis  and  the  complete  absence  of 
optical  activity  in  the  solution  of  the  compound  having  indicated 
that  the  menthyl  group  was  absent  and  that  the  formation  of  a 
pyrazolone  ring  had  taken  place,  its  properties  were  compared 
directly  with  4-benzeneazo-l-phenyl-3-methyl-5-pyrazolone  prepared  by 
the  ordinaiy  method  and  were  found  to  be  identical  in  all  respects. 

The  following  pyrazolone  derivatives  were  also  prepared  before  their 
true  character  was  recognised. 

^•^Methylhenzeneazo- 1  -phenyI-3-methyl-5-pi/razolone, 

C(CH,):N N-CeHj, 

6h[N,-C„H,(CH3)]-CO 
prepared  from  the  jo-tolueneazo-ester,  dissolves  sparingly  in  alcohol 
and  still  more  sparingly  in  light  petroleum,  but  is  somewhat  readily 
dissolved  by  glacial  acetic  acid,  acetone,  and  by  hot  ethyl  acetate.     On 
analysis : 

0-2486  gave  0-6403  CO2  and  0-1218  Hfi.     0  =  70-2;  H  =  5-5. 
OiYHigON^  requires  0  =  699  ]  H  =  5-5  per  cent. 

The  substance  crystallises  from  ethyl  acetate  or  acetic  acid  in 
flattened  needles,  which  are  orange  or  yellow  in  colour  according  as 
the  crystals  are  small  or  large.  It  melts  at  136 — 137°.  When  melted 
on  a  microscope  slide  beneath  a  cover-glass,  it  solidiBes  in  patches 
made  up  of  aggregates  of  plates  arranged  in  fern-like  structures.  In 
convergent  polarised  light,  a  bisectrix  of  a  biaxial  interference  figure 
of  large  angle  may  be  occasionally  made  out.  The  double  refraction  is 
moderate. 

^-BroinophenylazO'  1  -phenyl-Z-metJiyl-^'pyrazolone, 

C(CH,):N N-C,H, 

CH(N,-0eH^Br)-CO 

This  substance,  which  was  prepared  from  the  />-bromobenzen6ato- 
ester,  somewhat  closely  resembles  the  foregoing  one  in  general  properties 
and  solubilities.  After  crystallisation  from  glacial  acetic  acid,  on 
analysis  : 

0-1993  gave  0-3948  CO,  and  00660  H,0.     0-6403  ;  H-3-68. 
OijHjjON^Br  requires  0  »  53*8 ;  H  -  36  per  cent. 

The  substance  feparates  from  glacial  acetic  acid  in  slender,  yellow 
needles  which  melt  bharply  at  152— 153^ 
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aeeording  to  UmIt  orieoUtlon. 

VoMd  in  a  thin  film  betwMn  gUti  turfaoM,  it  nolidifiei  Rlowly  in 
tnfta  of  very  fine  needlaf,  apparently  identical  in  crystalline  form  with 
?  hoee  obtained  by  the  um  of  aolventt.  The  double  refraction  is  very 
strong. 

aCHJIN l{I-C,Hj 

CH(N,  -CjH^Cl)  -CO 
prepared  from  menthyl  ;>  chlorobenxeneaxoacetoaoetate,  was  purified  by 
rrystallieation  from  hot  ethyl  acetate.     On  analysis  : 

0S032  gave  06819  CO^  and  0-1 224  HjO.     C  -  61  3  ;  H  -  I  :>. 
01878    „     00852  AgCl.     CI- 11-2. 

C^HijON^Cl  requires  C  =  6 1  4  ;  H  =  4-2 ;  CI  - 1 1  4  per  cent. 

The  compound  is  less  easily  dissolved  by  most  media  than  the  corre- 
sponding phenyl  and  tolyl  compounds.  It  separates  from  ethyl  acetate 
m  well-formed,  slender  needles,  obliquely  truncated  at  their  extremities. 
The  crystals,  if  large,  are  almost  scarlet  with  a  violet  surface  colour 
and  are  strongly  dichroic  ;  in  polarised  light,  their  extinction  directions 
make  an  angle  of  about  45°  with  their  length.  It  melts  at  141 — 142^. 

Melted  on  a  glass  slide  beneath  a  cover-slip,  the  substance  solidifies 
»>m6what  rapidly  to  masses  of  flattened  needles ;  through  some  of 
these,  one  axis  of  a  biaxial  interference  figure  of  wide  angle  emerges 
nearly  normal  to  the  field. 

Action  of  DiazottUea  on   t/te   MerUhylazoacetoacetates.      Formation  of 
Menthyl    Ester b   of    Formazylcarhoxylic  Acid,     Menthyl  py-dimethyl- 

pftenylfomuizylearboxylaUf        ^|j  J^  *^  .^fi^^^'^^t^io^ir 

3       0      4 

In  preparing  this  substance  directly  from  menthyl  acetoaoetate,  an 
ice-cold  alkaline  solution  of  sodium  toluenediazotate  ia  added  very 
cautiously  to  the  ester  dissolved  in  alcohol  at  lO*'.  The  liquid  rapidly 
beoomsB  deep  red  in  colour,  and  a  sparing  deposition  of  a  dark,  crystal- 
line sabatanee  usually  takes  place ;  frequently,  however,  it  ia  neceaaarj 
to  seed  the  liquid  with  crystals  previously  obtained. 

The  substance  may  also  be  prepared  in  a  precisely  similar  way  from 
the  intermediate  menthyl  />-tolueneazoaoetoacetate. 

It  was  recrystallised  from  acetone,  and,  on  analysis : 

01806  gave  04777  CO,  and  01310  H,0.     C-72'1  ;  H-81. 
C»HsjN^O,  requires  0-71*9  ;  H-7-9  per  cent. 

The  compound  is  readily  dissolved  by  benzene,  chloroform,  or  light 
petroleum,  but  less  readily  by  acetone,  ethyl  acetate,  or  alcohol.     The 
VOL.    LXXXIII.  4  F 
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crystals,  which  are  well-formed,  flattened  needles,  are  dark  red  in 
colour  and  have  a  blue  reflex.  In  the  case  of  very  thin  crystals  under 
the  microscope,  the  colour  by  transmitted  light  is  yellow.  It  melts  at 
134—136°. 

The  colours  of  the  solutions  of  this  substance  are  very  deep  red  or 
reddish-yellow  according  to  the  concentration ;  the  absorptive  power 
of  these  solutions  for  light,  even  at  only  1  per  cent,  concentration,  was 
found  to  be  too  great  to  admit  of  the  determination  of  the  rotatory 
power  of  the  material. 

Menthyl  ^-chlorophenyl-y-methylphenylformazylcarhoocylaU, 

was  prepared  by  the  action  of  sodium  7)-chlorodiazotate  on  menthyl 
;9-tolueneazomenthylacetoacetate,  and  also  from  sodium  /)-toluenediazot- 
ate  on  menthyl  7>-chlorobenzeneazoacetoacetate.  It  was  crystallised 
from  alcohol  and  analysed  : 

0  2392  gave  05812  COg  and  01494  H2O.     0  =  663;  H  =  6-9. 
0-1327     „     00419.     Cl  =  7'8. 

CasHa^O^N^Cl  requires  C  =  660;  H  =  6-8;  01  =  7-8  percent. 

The  compound  is  not  very  readily  soluble  in  hot  or  cold  alcohol  or 
in  cold  light  petroleum,  but  it  dissolves  readily  in  chloroform  and 
benzene.  It  separates  from  hot  light  petroleum  in  slender,  red  or 
scarlet  needles,  which,  under  the  microscope,  are  yellow  by  transmitted 
light;  it  melts  at  145—147°. 

The  crystals  in  polarised  light  show  straight  extinction,  and  the 
directions  of  greatest  elasticity  and  length  are  at  right  angles  to  one 
another. 

Menthyl  p-bromophenylp'-melhyl/ormazylcarboxylaU, 

was  made  from  menthyl  p-bromobenzeneazoacetoacetate  and  sodium 
;>-toliienediazotate ;  after  crystallisation  from  alcohol,  on  analysis  : 

0-2887 gave  0-1089  AgBr.     Br=160. 

OjsHjjOjN^Br  requires  Br  =  16*2  per  cent. 

The  compound  very  closely  resembles  the  foregoing  one,  but  crys- 
tallises in  somewhat  larger  forms.     It  melts  at  149 — 15 1^ 

Action  of    Bromine  on    the  Atodenvatioes  qf    Ment/iyl  Acetoacelnte. 

Aleni/iyl  BroitwmethylenephenylhydrazonecarboxylaU, 

OeU,-NII-N:OBrCO,-C,oHi9. 

When  bromine  was  added  to  this  substance  dissolved  in  glacial 
acetic  acid  containing  excess  of  sodium  acetate,   the  colour  of  the 
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halogMi  diaappearvu  mpuiiy  until  ono  moiociiiAr  proportion  nad  boon 
MkUd,  when  ih«  action  laemad  to  oeaae.  When  the  whole  w&i  poured 
nto  water,  a  colourless  oil  separated  which  partially  solidified  after 
MM&e  weeks.  The  orysUilliDe  material  was  drained  on  porous  earthen- 
wmre  and  crystallised  from  ethyl  formate.    On  analysts  : 

0-3792  gave  0*5803  CX)«  and  01663  H,0.     C  -  56*71 ;  H  «  6*64. 
0*3122     ,,     0  1528AgBr.     Br-30*83. 
0-2991     ,,     014C6AgBr.     Br -20*85. 

C,,HnO,N,Br  requires  C  -  56*7  ;  H  -  6*6  ;  Br  -  2 1  00  per  cent. 

C^H^OjNjBr       .,        C  -  56*7  ;  H  =  6*4  ;  Br  -  18*9  „       • 

The  same  substance  was  prepared  by  adding  benzenediazonium  sul- 
phate, dissolved  in  water,  to  an  ice-cold  alcoholic  solution  of  menthyl 
a-bromoaoetoaoetate  containing  excess  of  sodium  acetate.  The  oil, 
which  rapidly  separated,  became  semi-crystalline  when  seeded  with  a 
crystal  of  the  compound  obtained  in  the  above  way. 

Theeeter  is  somewhat  readily  soluble  in  petroleum  and  in  hot  alcohol, 
more  readily  so  in  ethyl  acetate  and  formate,  and  dissolves  copiously 
in  chloroform  and  benzene.     It  melts  at  133 — 134^ 

The  compound,  when  crystallised  slowly  from  ethyl  formate,  is 
obtained  in  large,  opaque  or  opalescent  prisms  or  pyramids;  when 
crushed  fragments  of  these  are  examined  in  convergent  polarised  light, 
the  acute  bisectrix  of  an  axial  interference  figure  is  occasionally  to 
be  seen  emerging  nearly  perpendicular  to  the  field.  The  appearance 
of  the  figure  is  that  characteristic  of  a  crystal  with  a  very  powerful 
axial  dispersion,  and  on  closer  examination  with  lights  of  different 
wave-lengths,  it  is  found  that  the  dispersion  is  in  reality  anomalous, 
the  axial  plane  for  the  red,  yellow,  and  green  rays  being  at  right 
angles  to  those  at  the  violet  portion  of  the  visible  spectrum  ;  the 
angle  for  the  red  line  of  lithium  is  large,  for  the  yellow  line  of 
Aodium,  moderate,  and  for  the  green  line  of  thallium,  small. 

For  a  determination  of  the  optical  activity  of  the  compound, 
)  4048  gram  was  dissolved  in  benzene  and  the  solution  made  up  to 
25  C.C. ;  the  observed  deviation  in  a  2  dm.  tube  was  ao  *=  2*67°,  whence 
[ajo  -82-45°. 

The  compound,  like  the  analogous  ones  described  below,  is  scarcely 
affected  by  a  hot  aqueous  10  per  cent,  solution  of  potaauum  hydroxide; 
that  this  is  largely  the  result  of  the  very  sparing  solubility  of  the 

*  This  and  the  three  followkig  oompoonds  were  originally  described  as  simple 
ubetitntion  derivatifes  of  the  asoacetoeoetic  eaten  (Lapworth,   Proc,  1903,19, 

149),  the  above  nombers  for  carbon  and  hydrogen  haring  been  obtained  with  the 

pare  materials.  The  calcolated  numbers  here  for  the  two  series  are  very  close,  and 
he  halogen  determinations  which  really  decide  the  point  were  made  only  after  this 

:.ict  had  been  realised.     The  properties  of  the  pare  compoandx  ere  ax  prcvioti<i|y 

sUted  {loe.  cU.), 
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compound  in  water  is  shown  by  the  fact  that  if  the  solution  of  potass- 
ium hydroxide  is  added  to  the  alcoholic  solution  of  the  bromo-ester, 
an  immediate  change   occurs,    even   in   the   cold,    indicated    by   the 
development  of  a  deep  red  colour  and  the  formation  of   potassium 
bromide  in  considerable  quantity. 
Menthyl  hromcymethylene-^tolylplunylhydrazonecarhoxylatef 
CH.-CeH^-NH-NICBr-COg-CioHig, 
is  made  by  similar  processes  in  which  the  corresponding  /^-toluene 
compounds  are   used.     It   was  purified  by  crystallisation  from  ethyl 
acetate,  and,  on  analysis  : 

0-2945  gave  06236  CO2  and  0-1794  H2O.     0  =  57*8  ;  H  =  6-8. 
0-3028     „     0-14-35  AgBr.     Br  =  200. 

^19^27^2^2^^  requires  0  =  57*7  ;  H  =  6-8  ;  Br  =  20-3  per  cent. 

02iH2«03N2Br       „         0  =  57-7;  H-6-6;  Br=18-3       „ 

In  its  general  properties  and  solubility,  this  substance  closely 
resembles  the  foregoing  one,  but  it  does  not  exhibit  any  tendency  to 
separate  in  opaque  forms,  and  is  obtained  from  ethyl  acetate  in  yellow, 
transparent  pyramids.  It  melts  at  155 — 156°.  The  crystals  of  this 
compound  also  exhibit  the  phenomenon  of  anomalous  dispersion  of 
the  optic  axis.  The  angle  is  wide  for  sodium  light,  and  is  very  small 
for  the  red  rays,  so  that  with  lithium  light  the  interference  figure 
appears  nearly  that  of  a  uniaxial  crystal. 

For  the  determination  of  its  rotatory  power,  0-4043  gram  was  dis- 
solved in  25  c.c.  of  benzene  and  the  solution  examined  in  a  2  dm. 
tube.  The  rotation  observed  was  constant,  namely,  00= -2-78°, 
whence  [a]„  =86-95°. 

Menthyl  bromomethyleiie-^bromopJtenylliydrazaiiecarhoxylaiey 
OgH.Br-NH-NIOBr-COg-OioHig, 
was  prepared  from  menthyl  a-bromoacetoacetate  and  ;)-bromobenzene- 
diazonium  sulphate  in  presence  of  sodium  acetate.     It  was  purified  by 
crystallisation  from  ethyl  formate,  and,  on  analysis  : 

0-1633  gave  0-2834  COg  and  00781  H^O.     0  =  47*3;  H-5*3. 
0-2318     „     01900  AgBr.     Br  =  34-9. 
0-2380     „     01946  AgBr.     Br-34-8. 

CigHj^OjNjBrj  requires  C  =  470 ;  H  -  5*2  ;  Br  -  34*8  per  cent. 

CjoHjfiOjNjBrj       „        0  =  47-8;  H -6-2;  Br- 81-9       „ 

The  substance  resembles  the  two  foregoing  compounds  in  its  solu- 
bility and  general  behaviour.  It  separates  very  readily  from  ethyl 
formate  in  brilliantly  facetteJ,  transparent  prisms  or  pyramids  of 
considerable  size  and  melts  at  155° 

With  a  solution  containing  0*3999  gram  of  the  ester  in  benzene 
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(35  o.e.X  Um  rotation  in  a  3  dm.  tube  waa  ooDttant  at  ^-SS"".  whanoA 

Tht  ojit^tJfB  wemble  those  of  the  allied  oompoondfl  in  exhibiting 
aaooialovi  dliperaioQ  of  the  optic  axis.  With  tmall  prisms  of  the 
crystals,  examined  in  cedar-wood  oil  in  convergent  polarised  light,  the 
acnte  axial  bisectrix  is  found  to  emerge  through  one  of  the  longer 
pinaeoid  faoee.  The  angle  for  green  light  is  large,  for  yellow  moderate, 
and  in  both  cases  the  plane  of  the  axes  is  perpendicular  to  the  length 
of  the  crystals.  The  plane  for  the  red  rays  is  at  right  angles  to  this, 
and  cots  the  crystal  along  its  direction  of  greatest  length  ;  the  angle 
for  the  red  lithium  light  is  small.  The  double  refraction  is  positive 
in  sign  and  strong. 

Mtntkyl  Bromomttk^mB  ^■ddorophtnylhydrcizonecarboxylaU, 
CjH^Cl-NH-N:CBr-COj-C,oHi9. 

This  compound  was  crystallised  from  ethyl  formate,  and,  on  analysis : 

0-2883  gave  05536  CO,  and  01536  H,C.    C  «  524  ;  H  -  5-0. 

0-2874     „     0-2270  AgCl  +  AgBr.    CI  +  Br  =  27*5. 
C,gH^O,N,ClBr  requires  C - 520  ;  H  =  5-8  ;  CI  +  Br « 27*8  per  cent. 
CjjHjjOsNjClBr       „        C  «  52-4 ;  H  -  57  ;  CI  +  Br  -  25 -3       „ 

This  substance  is  distinguishable  only  with  difficulty  from  the 
oorxesponding  p-bromo-ester  in  its  general  behaviour  and  solubilities ; 
the  myUls  are  transparent,  yellow  prisms  or  pyramids,  having 
apparsotly  the  same  form  as  those  of  the  preceding  compound.  It 
melts  at  147— 148<'. 

The  optic  axial  dispersion  is  anomalous.  The  axia  plane  for  the 
red  lithium  line  being  perpendicular  to  that  for  the  D  line,  and  the 
angles  for  these  two  rays  are  not  very  different  in  size ;  the  plane  for 
green  and  blue  h'ght  is,  of  course,  the  same  as  that  for  the  D  line,  bat 
the  angle  is  obviously  very  much  larger. 

For  the  rotatory  power,  0*4012  gram  was  dissolved  in  25  ac.  of 
benzene;  the  rotation  observed  in  a  2  dm.  tube  was  a  ->2'17,  hence 
[a]o  *67*61^     The  double  refraction  is  strong  and  positive  in  sign. 

The  author  desires  to  express  his  indebtedness  to  the  Reeearch  Fund 
Committee  of  the  Chemical  Society  for  a  Grant  which  defrayed  much 
of  the  cost  of  the  preceding  invcstigatioa. 

Cbkhical  Depaktmbnt, 

GoUMMITllJt'   iMtfTITUTB,    NSW   CSOSS,  S.K. 
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ex. — Condensation     of    Phenols     tuith     Esters    of 
Unsaturated  Acids.     Part   VIII. 

By  Siegfried  Kuhemann. 

I  recently  showed  (Trans.,  1902,  81,  419)  that  the  action  of  ethyl 
chlorofumarate  on  the  sodium  derivative  of  a-naphthol  yields,  together 
with  ethyl  a-naphthoxyfumarate,  two  compounds,  which  were  then 
represented  by  the  following  formulae  : 


S-<"^     >C:CH-C02-Et      and      \— <(^^C:C<(^^^^ 

Ethyl  naphtharonylacetate.  BLsnaphtharonyL 


<>■" 


/' 


These  symbols  seem  to  agree  with  the  facts  that  the  compounds 
have  properties  unlike  those  of  the  chromones,  and  that  ethyl  chloro- 
fumarate does  not  form  similar  substances  with  /3-naphthol.  But 
considerations,  based  on  experiments  which  are  described  in  the 
present  communication,  have  induced  me  to  change  this  view,  and  to 
assign  to  these  compounds  the  following  constitutions  : 

s/\  and  \/\/\  /\/ 

If  I       CO    OC     ^, 

O — C:CHC02Et  0 — c==c — o 

Ethyl  naphtharonylacetate.  BianaphtharonyL. 

They  are  therefore  to  be  regarded  as  derivatives  of  a-naphthaketo- 

coumaran,  CioHg<C^Q>CH2.     This  view  is  supported  by  the  results 

obtained  in  the  course  of  further  research  on  the  action  between  ethyl 
chlorofumarate  and  the  sodium  derivatives  of  the  phenols.  Quaiaool, 
as  shown  before  (loc.  cit.),  reacts  with  the  ester  to  form  only  ethyl 
guaiacoloxyfumarate,  but  I  find  that  its  isomeride,  the  monomethyl 
ether  of  resorcinol,  furnishes,  besides  ethyl  tn-methoxyphenoxy- 
famarate,  an  orange-coloured  substance,  which  has  the  composition 
0,gU|20Q.  Its  ooDstitution  can  only  be  represented  by  one  of  the 
following  symbols  : 
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<'=«-O^^s=^y0^' 


The  compound,  therefore,  is  a  derivative  of  kotocoumaraD  (coumar* 

aiioiie),OgH«<!^>CH,  >  >t  may  be  called  dimeihoxylMmimmmyl.    It 

has  properties  so  much  like  those  of  bisnaphtharonyl  as  to  justify  the 
view  that  both  compounds  are  similarly  constituted,  and  that  bis- 
naphtharonyl  is  to  be  regarded  as  a  derivative  of  a-naphthaketo- 
conmaran.  Dimethoxybisbenzaronyl  is  very  sparingly  soluble  in  alcohol 
or  glacial  acetic  acid,  but  readily  dissolves  in  boiling  nitrobenzene,  its 
solution  having  a  green  fluorescence ;  it  is  insoluble  in  cold  aqueous 
caustic  potash,  but  on  prolonged  boiling  it  passes  into  solution,  and 
is  precipitated  unchanged  on  adding  a  mineral  acid.  These  properties 
doeely  resemble  those  which  I  have  recorded  for  bisnaphtharonyl 
(Trans.,  1902,  81,  423).  Furthermore,  both  compounds  exhibit  the 
same  behaviour  towards  zinc  dust  and  acetic  acid,  adding  on  1  mole- 
cule of  hydrogen  to  yield  almost  colourless  substances,  which  are  to  be 
represented  thus : 


6— CH 


I 
Bisnaphtbaketocoumaran. 


o  o 

Dimcthoxybiaketocoamarao. 


These  reduction  products  readily  become  oxidised  and  turn  red,  as 
does  anaphthaketocoumaran  (Ullmann,  Bw.,  1897,  30,  1468).  With 
regard  to  the  formation  of  bisnaphtharonyl,  the  view  has  been 
expressed  (Uk.  cU.)  that  it%kke8  place  by  the  condensation  of  2  mols. 
of  ethyl  naphtharonylaoetate  and  the  loss  of  ethyl  fumarate.  The 
latter  ester,  however,  is  not  produced  ;  moreover,  it  seems  to  be  most 
probable  that  bisnaphtharonyl  is  the  result  of   the  union  between 

4  Q  2 
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ethyl  naphtharoDjlacetate  and  a-naphthol,  accompanied  by  the  removal 
of  1  mol.  of  alcohol  and  2  atoms  of  hydrogen,  thus : 

The  fate  of  the  hydrogen  has  not  been  ascertained. 
The  formation  of  dimethoxybisbenzaronyl  is  to  be  explained  in  the 
same  manner ;  the  intermediate  product, 

CH3-0-CeH4<^^C:CH-C02Et, 

however,  has  not  yet  been  isolated. 

Although  the  monoraethyl  ether  of  resorcinol  differs  from  guaiacol  in 
its  behaviour  towards  ethyl  chlorofumarate,  yet  with  ethyl  phenylpro- 
piolate  it  reacts  like  the  other  phenols,  and  yields  ethyl  7Ai-methoxy-)5- 
phenoxycinnamate,  CHg-O-CgH^-O'C^CoHJICH-COgEt ;  the  corre- 
sponding  acid  loses  carbon  dioxide  and  forms  m-methoxyphenoxy- 
styrene. 

The  diethyl  ether  of  phloroglucinol,  also,  has  been  subjected  to  the 
action  of  ethyl  chlorofumarate,  as  well  as  to  that  of  ethyl  phenyl- 
propiolate,  and  in  this  way  ethyl  diethoxyphenoxyfumarate  and  the 
corresponding  derivative  of  cinnamic  acid  have  been  produced. 

Experimental. 

Action    of   the    Monomethyl   EtJier  of  Resorcinol    on    Ethyl 
Chlorofumarate. 

Sodium  (1  atom)  dissolves  fairly  readily  in  an  excess  (about  2  mols.) 
of  the  hot  ether,and,on  gradually  adding  othyl  chlorofumarate  (1  mol.) 
to  the  solution,  a  reaction  takes  place,  which  is  indicated  by  the  develop- 
ment of  heat.  The  product  is  allowed  to  cool,  and  then  agitated  with 
ether  and  dilute  sulphuric  acid,  when  an  orange-coloured  solid  separ- 
ates, which  is  dimethoxybisbenzaronyl.  The  ethereal  extract,  which 
has  a  red  colour  and  an  intensely  deep  green  fluorescence,  contains 
eUiyl  m-metlioxypJienoxyfuTnarate.  From  the  ethereal  solution,  after 
removing  the  ether,  a  dark  oil  is  obtained,  which  is  fractionated  under 
diminished  pressure.  The  first  portion  of  the  distillate  is  a  colourless 
liquid,  then  a  viscous,  yellow  oil  passes  over,  leaving  an  almost  black 
residue.  The  yellow  oil,  when  redistilled,  boils  at  206— >207^  under 
1 2  mm.  pressure  : 

0-2075  gave  04680  CO,  and  01176  H,0.     C«61-61 ;  H-6-29. 
^sHigOfl  requires  0-61 -22;  H«  612  per  cent 

IHinetAoxybisbenzarofii/L — ^The  orange-coloured  solid,  referred  to 
before,  dissolves  in  boiling  nitrobenzene,  and,  on  cooling,  crystallises 
in  needles  which  molt  at  31 0''  to  a  dark  liquid  : 
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0*9075  gaT«  0*5073  Ci\  adU  00695  II,().     0-66*67  ;  H - 3*73. 
0„H„0^  requires  0-66*67  ;  II  -  3*70  per  cent. 

At  already  imlicatod,  thU  sabetance  is  iimolublo  in  cold  aqueooe 
oausUo  potash,  but  gradually  dtssoWes  on  boiling  to  a  yellowiidi-brown 
solnUoD.  This  liquid,  when  mixed  with  an  eicoss  of  hydroclilorio  acid, 
fumishcf  an  orange4>oloured  precipitate,  which,  by  its  properties  and 
the  following  analysis,  is  ohaiacterised  as  unaltered  dimethoxybisbens- 
aronyl : 

01476  gave  0*3610  00,  and  0*0520  11,0.     0  -  66*70 ;  H  -  3  91. 
0,gUi,0f  requires  0  »  66*67  ;  U  -  3*70  per  <!ent. 

ICedudum  rf  Diwutkoxybisbenzaront/l  and  BitnaphUiaronyl. 

Ditmlkoae^bUktioeoumaraH, — On  boiling  dimethoxybisbenzarooyl  with 
xinc  dust  and  glacial  acetic  acid  for  some  time,  the  solution  loses  its 
green  fluorescence  and  becomes  yellow.  The  filtrate  from  the  excess 
of  sine  dust,  when  mixed  with  water,  yields  a  faintly-coloured  pre- 
cipitate, which  readily  dissolves  in  glacial  acetic  acid,  boiling  acetone, 
or  aloohoL  From  the  latter  solvent,  the  substance  crystallises  in 
colourless  plates,  which  melt  at  166°  and  rapidly  turn  red  : 

0*2103  gave  0*5104  00,  and  0*0822  H^O.     0  -  6622  ;  II  -  4*34. 
0„Hj^Oj  requires  0  *  66*25  ;  H  =  4*29  per  cent. 

The  molecular  weight  has  been  kindly  determined  by  Mr.  George 
Barger  by  his  microscopic  method  (Proc.,  1903,  19,  121). 

Acetone  was  used  as  the  solvent  and  beuzil  as  the  standard :  a 
solution  of  0*0315  gram  of  the  substance  in  1*312  c.c.  of  acetone  is 
isotonic  with  a  solution  in  acetone  of  0*0775  x  210  grams  of  benzil  per 
litre ;  therefore  M  —  309,  as  compared  with  326  required  for  Oigllj^O^. 

Bimaphtltaheioeownaran — Bisnapht barony],  when  boiled  with  zinc 
dust  and  acetic  acid,  gradually  dissolves  yielding  a  yellow  solution. 
This  gives  with  water  a  precipitate  which  crystallises  from  alcohol  in 
grey  needles  melting  with  decomposition  at  218^: 

01435  gave  0*4135  00,  and  00505  H,0.     0-78*58;  H-3-91. 
C^H^fi^  requires  0  -  78*68 ;  H  «  3*81  per  cent 

This  substance,  like  the  foregoing  reduction  product,  is  readily 
oxidised  in  solution  developing  a  reddish-violet  coloration. 
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Action  of  Ethyl  Pfienylpropiolate  on  tfie  Uonomethyl  Ether  of  Beaoreinol 
Ethyl  m- Methoxy-P-phenoxycinnaniate. 

This  compound  is  formed  by  dissolving  sodium  (1  atom)  in  an  excess 
of  the  methyl  ether  of  resorcinol  (about  2  mols.)  and  adding  ethyl 
phenylpropiolate  (1  mol.)  to  the  hot  solution.  The  dark  product,  which 
is  thus  produced,  is  agitated  with  dilute  sulphuric  acid  and  extracted 
with  ether ;  the  ethereal  solution  is  shaken  successively  with  an  excess 
of  caustic  alkali  and  water,  dried  ovor  calcium  chloride,  and  the  ether 
evaporated.  The  viscous,  dark  brown  residual  oil,  which  is  fraction- 
ated under  diminished  pressure  (12  mm.),  passes  over  almost  entirely 
between  220°  and  235°,  and  on  redistillation  a  yellow  oil  is  obtained 
which  boils  at  232 — 234°  under  1 2  mm.  pressure : 

0-2042  gave  05426  COg  and  0-1123  Kfi.     C  =  72-42;  H  =  6-ll. 
CjgHjgO^  requires  C  =  72*48  ;  H  =  604  per  cent. 

m-Metlioxy-P-pIienoxycinnamic  Acidy  CH3-0*CgH^*0*C(C8H5):CH'(X)^ 

The  hydrolysis  of  the  ester  is  readily  effected  by  digesting  it  with 
alcoholic  potash  for  1  to  2  hours.  After  distilling  off  the  alcohol  on 
the  water-bath,  the  successive  addition  of  water  and  an  excess  of  dilute 
hydrochloric  acid  to  the  residue  causes  the  precipitation  of  the  organic 
acid  as  a  yellow  oil  which  gradually  solidifies.  The  hot  solution 
of  this  acid  in  dilute  alcohol,  after  treatment  with  animal  charcoal, 
yields,  on  cooling,  an  emulsion  which  is  slowly  transformed  into  a  mass 
of  colourless  needles.  These  dissolve  with  great  ease  in  organic 
solvents ;  they  soften  at  104°  and  melt  at  110°  with  evolution  of  carbon 
dioxide : 

0-2010  gave  0-5248  COj  and  0-0940  H^O.     C-71-20  ;  H-5-19. 
Ci8Hj404  requires  0  =  7111;  H  =  5*18  per  cent. 

m-Methoxyphenoxystyrme,  CH^'O'C^U^'O'CiOJd^lC^^  is  fonned 
on  heating  the  acid  under  diminished  pressure,  when  it  distils  at 
199 — 200°  under  16  mm.  pressure  as  a  colourless  oil  which  possesses 
an  aromatic  odour : 

0-2030  gave  0  5933  CO,  and  01150  H,0.  0-79*70;  H-6-29. 
OijHj^Oj  requires  0-7966  ;  H  =  6-19  per  cent 

Ethyl  1  :  3'DisthGocyphen-b-oosKfuinar<U$t 
C,H3(O-0,H,),-O-C(CO,-0,H,):0H-0O,-0^5. 

The  diethyl  ether  of  phloroglucinol,  which  is  required  for  the  pre- 
paration of  this  substance,  has  been  obtained  aooording  to  the 
directions   of    Weidol   and   Pollak   {AfotuUsh,,    1897,   18,   346).     Its 


ACTION  OP  PHOSPHORUS  TRICHI/>RIDX  ON  AKOIUTIC  BTRBRS.     1 185 

ndlam  dertTmiiye  is  formed  by  adding  the  ether  (1  moL)  to  a  aolution 
of  ■oditiui  (1  Atom)  in  abeolute  aloohol  end  removing  the  alcohol  by 
dktiUation  under  diminished  preesore.  The  eolid  which  remains  is 
boiled  with  a  mixture  of  ethyl  chlorof umarate  ( 1  mol.)  and  toluene 
for  an  hour,  the  product  allowed  to  oool,  and,  after  tiealmeat  with 
dflute  sulphuric  acid,  extracted  with  ether ;  the  ethereal  eolution  if 
waahed'with  alkali,  then  with  water,  and  dried  oTer  oaldum  chloride. 
The  oily  which  is  left  behind  after  evaporating  off  the  ether,  is  frao- 
tJOMited  under  diminished  preesure ;  the  larger  portion  distils  at 
338 — 340^  under  15  mm.  pressure  as  a  yellow,  viscous  oil : 

O-SliO  gave  04777  CO,  and  01298  H,0.     0-6145  ;  H  =  6-80. 
OjgH^^Oy  requires  C  -  61  36  ;  H  =  681  per  cent. 

Ethyl  1 :  Z-D{elhoxyphen-lj-oxf/ci7inamate, 
CeH,(0-C,H5),-0-C(C,H5):CH-CO,-C,H,. 

This  compound,  which  is  formed  from  the  diethyl  ether  of  phloro- 
gludnol  and  ethyl  phenylpropiolate  in  a  manner  similar  to  the  former 
r,  is  a  yellow,  viscous  oil  boiling  at  263—264°  under   17  mm. 


0-2010  gave  0*5228  CO,  and  01240  H,0.     C-  70*93  ;  H-6-85. 
C^H^^Oj  requires  C  =  70*79  ;  H  =  6*74  per  cent. 

In  conclusion,  I  may  state  that,  after  having  recognised  bisnaph- 
tharonyl  and  dimetboxybisbenzaronyl  as  derivatives  of  ketocoumaran 
and  a-naphthaketocoumaran  respectively,  and  as  compounds  which,  in 
the  oxygen  series,  correspond  with  the  members  of  the  indigo  group,  I 
have  undertaken  the  study  of  ketocoumaran  and  its  homologuee  in 
the  hope  of  arriving  at  a  general  method  of  preparation  of  bisbenz- 
aronyl  and  its  derivatives. 

GOHTILLB  AlCD  CaIUS  CoLUEOB, 

Cambridok. 


CXL— Action  of  Phosphorus  Tiichlorule  on  the  Aromaitc 
Ethers  of  Glycerol.     Part  IL 

*  By  D.  R  BoTD. 

In  a  previous  communication  (Trans.,  1901,  70,  1321),  it  has  been 
shown  by  the  author  that  e^ljoerol  diaryl  ethers,  wheo  treated 
Buooessively  with  exoeaB  of  phoephoms  triehloride  and  w»ter,  are 
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converted  to  a  large  extent  into  diaryloxyi^opropyl  phosphorous  acids, 
CH(CH2-0-Ar)2-OPH202. 

The  reaction  has  now  been  studied  in  cases  where  the  phosphorus 
trichloride  and  the  glycerol  ether  react  in  the  proportion  of  one  mole- 
cule of  trichloride  to  two  and  throe  molecules  respectively  of  the  ether. 
The  course  of  the  reaction  can  be  followed  most  conveniently  in  the 
case  of  ^-glycerol  di-o-tolyl  ether,  because  the  principal  product, 
bisdi-o-tolyloxyi«opropyl  phosphite, 

[ch(ch2-o-cvh7)2-o]2:pho, 

is  crystalline  and  readily  separated  in  an  almost  pure  condition. 

It  was  found  that  when  two  molecules  of  the  di-o-tolyl  ether  reacted 
with  one  molecule  of  phosphorus  trichloride,  the  yield  of  bisdi-o-tolyl- 
oxyisopropyl  phosphite  obtained  on  treatment  with  water  corresponded 
with  about  56  per  cent,  of  the  phosphorus  trichloride,  whilst  12  per 
cent,  of  the  trichloride  was  converted  into  di-o-tolyloxywopropylphos- 
phorous  acid. 

When  three  molecules  of  s-glycerol  di-o-tolyl  ether  were  used,  the 
yield  of  crystallised  bisdi-o-tolyloxytsopropyl  phosphite  corresponded 
with  about  75  per  cent,  of  the  phosphorus  trichloride,  and  no  appreci- 
able quantity  of  di-;>tolyloxywopropylphosphorous  acid  was  formed. 
The  principal  reaction  in  the  latter  case  may  therefore  be  represented 
by  the  equation : 

3CH(CH2-0- Ar)2-0H  +  PClj  =  [CH(CH2-0- ArVOlglPHO  + 

CH(CH2-0-Ar)2-Cl  +  2HC1. 

This  result  is  in  harmony  with  the  observations  of  Milobendski 
(Chem.  Cenir.j  1899,  i,  249)  on  the  behaviour  of  wopropyl  alcohol 
towards  phosphorus  trichloride. 

From  8-glycorol  di-/>-tolyl  other,  a  crystalline  bisdi-/^tolyloxyMO- 
propyl  phosphito  was  also  obtained,  but  the  product  in  the  case  of 
the  diphenyl  ether  was  an  oil  which  could  not  be  distilled  without 
decomposition. 

The  bisdiaryloxywopropyl  phosphites,  which  have  been  isolated,  are 
comparatively  stable  substances ;  they  have  no  acid  reaction  and  are 
insoluble  in  ammonia.  On  boiling  with  caustic  soda  solution,  they 
are  hydrolysed,  giving  rise  to  phosphorous  acid  and  the  original  ether. 

Incidentally,  the  diaryloxyiwpropylphospliorous  acids,  which  are 
found  to  be  monobasic,  have  been  more  fully  characteriBed  by  the 
preparation  of  certain  of  their  salts. 
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SmU9  qf  J>ipkmpst^w>propftftko$p^onmt  Acid, 
CH(CH,-0-CeHft),-OrHO(OII). 

The  ealdmn  nit,  which  was  obtained  as  a  bulky,  amorphous  pr»- 
ripilate  OD  adding  oaldum  chloride  to  an  alkaline  Holution  of  the  acid 
in  ammonia,  slowlj  became  crystalline;  after  washing,  it  was  dried  in 
the  air  and  analysed : 

0-4958  lost  at  100^  00148  11,0.     11,0-2-99. 
0*5000  gave  0-0404  CaO.     Ga  -  570. 
(C,,H„05P),Ca,H,0  requires  H,0-2  67  ;  Ca-5  95  per  cent. 

The  salt,  when  crystallised  from  a  mixture  of  alcohol  and  water, 
sepa rates  in  needles  containing  two  molecules  of  water  of  crystal lisa- 
tioii. 

TheMtftMSsalt,  CH(CH,-0-CjH5),-0-PH0-0NH,-Cell5,  U  obtained 
either  by  adding  a  solution  of  aDilioo  hydrochloride  to  a  solution  of 
the  acid  in  ammonia,  from  which  the  excess  of  ammonia  has  been 
boiled  off,  or  by  mixing  molecular  proportions  of  aniline  and  acid 
dissolTed  in  alcohol.  It  crystallises  from  chloroform  to  which  some 
light  petroleum  has  been  added  in  needles  melting  at  113—114": 

0-1264  gave  4*0  cc.  of  moist  nitrogen  at  20°  and  754  mm.  N-d*59. 
CjiH^^OjiNP  requires  N  =  350  per  cent. 


The  ^Uluidine  salt,  CH(CH,-0-CgH5),-0-PH0-0-NH,-CyH,, 
prepared  in  a  similar  way  ;  it  crystallised  from  its  alcoholic  solution 
on  the  addition  of  water  in  needles  melting  at  119 — 120°: 

0*3802  gave  110  cc.  of  moist  nitrogen  at  195°  and  742  mm.  N  »  3*24. 
C^H^OjNP  requires  N  =  3*38  per  cent. 


a-Glyeerol  Dio-tolyl  Ether  (fi-Ifydroxyaydi'O-tolyloTnfpropant)^ 
CtH7-0-CU,-CU(OU)C1VOC7H7. 

Epichlorohydrin  (27  grams)  was  added  to  alcohol  in  which  rather 
more  than  the  theoretical  quantities  of  o^resol  and  sodium  had  been 
dissolved  ;  the  mixture  was  boiled  in  a  reflux  apparatus  for  aboat  24 
hours,  and  then  poured  into  water.  The  oil  which  separated  was 
extracted  with  ether,  the  ethereal  solution  dried  over  potassium 
oarbonate,  and  the  oily  residue  left  after  evaporating  off  the  solvent 
was  distilled  under  diminished  pressure.  After  two  distillations,  the 
s-glycerol  di-o-tolyl  ether  was  obtained  as  an  almost  colourless  oil,  which 
boiled  at  226°  under  13  mm.  pressure  and  slowly  changed  to  a  mass  of 
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prismatic  crystals  melting   at   36 — 37°     The   yield   was  30  grams, 
or  about  37  per  cent,  of  the  calculated  amount : 

0-1825  gave  0-5018  CO^  and  01230  Kfi.     C  =  74'99  ;  H  =  7-56. 
CjyHjoOg  requires  C  =  7494  ;  H  =  7*42  per  cent. 

Di-o-tolyloxy\%opropylpho8phorou8  Acid,  CH(CH2*0*C7H7)2'0'PH202. 

This  substance  is  the  principal  product  obtained  when  s-glycerol 
di-o-tolyl  ether  is  treated  with  excess  of  phosphorus  trichloride,  and 
the  resulting  oil  decomposed  with  water. 

A  mixture  of  16  grams  of  s-glycerol  di-o-tolyl  ether  (1  mol.)  and  an 
approximately  equal  quantity  of  phosphorus  trichloride  (2  mols.)  was 
heated  in  a  water-bath  until  reaction  ceased,  and  then  poured  into 
water  ;  the  white,  viscous  mass  thus  obtained,  when  washed,  was 
warmed  with  ammonia  solution  until  the  bulk  dissolved,  leaving  a 
crystalline,  insoluble  substance  which  weighed  3*7  grams,  and  was 
afterwards  found  to  consist  chiefly  of  bisdi-o-tolyloxywopropyl  phos- 
phite. The  filtrate,  on  acidification  with  hydrochloric  acid,  gave 
an  oily  precipitate  of  di-o-tolyloxywopropylphosphorous  acid,  the 
yield  being  about  11  grams.  When  obtained  in  this  way,  the  acid 
solidifies  somewhat  slowly,  but  a  solution  of  the  oily  precipitate  in 
ethyl  acetate,  when  allowed  to  evaporate,  yields  the  compound  in  a 
crystalline  form. 

On  recrystallisation  from  the  same  solvent,  the  acid  was  obtained 
in  prisms  melting  at  88 — 89°  : 

0-4714  gave  0-1555  Mg^Vfi^.     P-9-18. 

Cj^HgiOjP  requires  P  =»  9'23  per  cent. 

Di-<>-toIyloxywopropylphosphorou8  acid  readily  dissolves  in  alcohol 
and  in  hot  ethyl  acetate,  and  in  its  general  properties  is  very  similar 
to  the  acids  of  this  type  already  described. 

The  calcium  salt  crystallises  from  dilute  alcohol  in  needles : 

0-7139  lost  at  100°  00641  HjO.     H,0« 8-98. 
0-7412  gave  00560  C5aO.     Ca - 5-30. 
(C,7lI^06P)jCa,4H,0  requires  H,O-9-20  ;  Ca-612  per  cent 

The  aniiine  salt.  CH(CH5-0-C7H7),-0-PHO'ONHj-CjH^  crystal- 
lises  from  carbon  disulphide,  on  adding  light  petroleum,  in  prismatio 
needles  melting  at  99—100°  : 

I    0-2987  gave  7-95  c.c.  of  moist  nitrogen  at  16-5°  and  747  mm.  N  «  3-04. 
C^H^OjNP  requires  N  -  327  per  cent. 

The  ^toluidine  salt,  CH(CH,-0-C,H^),«0'PHO'ONHj«C,Hy,  cry». 
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liJliMS  from  the  tame  mixiuro  of  aolvonU  id  olumpt  of  prlimt  Btlliaf 
ai  49— 50» : 

0*S781  gave  81  e.c.  of  moUtnitrogen at  island  749mm.  N-3-31. 
C^HaoO^NP  require!  N-3'17  per  oent. 

Bitdi^oMyloxyiaoprop^  PhospkUe,  [CH(GH,0-CyH7),0],:PH0. 

As  already  indicated,  this  substance  is  produced  to  some  extent  by 
tlie  aeiio&  of  water  on  the  product  resulting  from  the  interaction  of 
s^yoerol  di-o-tolyl  ether  with  excess  of  phosphorus  trichloride ;  it  is 
obtained  in  larger  quantity  when  two  or  three  molecular  proportions  of 
the  ether  react  with  one  of  phosphorus  trichloride. 

A  mixture  of  10*2  grams  of  9-glycerol  di-o-tolyl  ether  (2  mols.)  and 
3*5  grama  of  phosphorus  trichloride  (1  mol.),  when  heated  on  the  water- 
bath  until  hydrogen  chloride  was  no  longer  evolved,  formed  a  colourless 
and  Tory  ▼iaoons  oil,  which,  on  warming  with  dilute  ammonia,  soon 
changed  to  a  mass  of  crystals.  This  product  was  collected,  washed 
with  water,  dried,  and  dissolved  in  boiling  ethyl  acetate,  from  which, 
on  cooling,  it  separated  quickly  in  prismatic  needles  melting  at 
118—119°;  the  yield  was  62  grams  : 

01758  gave  04434  00,  and  01076  H,0.     C  =  68*79  ;  H - 6-86. 
0-4853    „     00918  Mg^jOy.     P-5-27. 

Cj^Hj^OyP  requires  C  -  691 1 ;  H  »  667  ;  P  «  525  per  cent 

Biadi-o-tolyloxywopropyl  phosphite,  which  is  moderately  soluble  in 
benxene  and  in  boiling  alcohol,  dissolves  more  easily  in  hot  ethyl 
aeeUte,  and  is  practically  insoluble  in  ether ;  its  alcoholic  solution 
slwwB  DO  acid  reaction. 

i^rlye&rol  Di-m-tolyl  Ether  {P-Hy(Uwcy  ay-dim  tolyU^xypnrpane), 
CyH7-0-CH,-OH(OH)-CH,-0-C7H7. 

Epiehkvohydrin  (60  grams)  was  boiled  for  several  days  in  a  reflux 
appaimios  with  equivalent  quantities  of  tii-creeol  and  sodium  ethoxide 
dissolved  in  alcohol,  the  product  being  treated  as  in  the  case  of  the 
ortho-compound.  After  three  distillations,  an  almost  colourless  oil 
was  obtained  which  boiled  at  232°  under  13  mm.  pressure  and  did  not 
crystallise ;  the  yield  was  41  grams : 

01911  gave  05233  00,  and  01291  H,0.     0-74*68  ;  H-757. 
Cj^H^jO,  requires  0-74*94 ;  H  -  7*42  per  cent. 
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Di-m-toli/loxyisoprojnjljjho8phorotuf  Acid,  CH(CH./0«C7H7)./0'PH20,. 

Twelve  grams  of  s-glycerol  di-m-to]y\  ether  were  treated  with  excess 
of  phospliorus  tricliloride,  and  the  product,  on  pouring  the  mixture 
into  water,  was  digested  with  warm  ammonia  solution  until  the  oil 
present  separated,  so  that  the  clear  ammoniacal  liquid  could  be  decanted. 
On  adding  hydrochloric  acid  to  this  solution,  the  di-m-tolyloxywo- 
propyl phosphorous  acid  separated  as  an  oil  which  slowly  solidified ; 
the  yield  was  about  6  grams.  This  acid  exhibits  less  tendency  to 
crystallise  than  its  ortho-  and  para-isomerides  ;  it  is  very  easily  soluble 
in  ethyl  acetate,  and,  as  the  solvent  evaporates,  is  deposited  as  a  mass 
of  filaments.  From  a  solution  in  carbon  disulphide,  however,  to  which 
some  light  petroleum  has  been  added,  it  separates  slowly  in  clusters  of 
needles  melting  at  85—87°  : 

0-5440  gave  0-1821  Mg^Vfl^.     P  =  9-32. 

CiyHgiOjiP  requires  P  =  9-23  per  cent. 

The  aniline  salt,  CH(CH2-0-C7H7)2-0-PHO-0'NH3-CttHj^,  crystal- 
lises  from  its  solution  in  methyl  alcohol  on  the  addition  of  water  in 
needles  melting  at  89—91° : 

0-2472  gave  69  c.c.  of  moist  nitrogen  at  19°  and  750  mm.     N  =  3-17. 
CggHggOgNP  requires  N  =  327  per  cent. 

The  ^-toluidine  salt,  CH(CH2-0-C7Hy)2-0-PHO-0-NH3-C^H7,  crys- 
tallises in  a  similar  manner  and  melts  at  104 — 106°  : 

01 926  gave  5-2  c.c.  of  moist  nitrogen  at  18°  and  752  mm.     N  =  3-09. 
C24H3QO5NP  requires  N  =  317  per  cent. 

Bisdx'P'tolyloxyiaopropyl  Phosphite,  [C)l(Gll^'0'(^fU^\'0]^,V110. 

A  mixture  of  9-1  grams  of  s-glycerol  di-;>-tolyl  ether  (2  mols.)  was 
heated  in  a  water-bath  with  2-3  grams  of  phosphorus  trichloride 
(I  mol.)  until  reaction  ceased  ;  the  oily  product  was  then  dissolved  in 
ether  and  the  ethereal  solution  shaken  with  ammonia  in  order  to 
remove  any  acid  ester  which  had  l)een  formed.  The  ethereal  solution 
soon  deposited  the  bisdi-;>-tolyloxyi«opropyl  phosphite  as  a  crystal- 
line powder,  which  separated  from  alcohol  in  small,  transparent  platee 
melting  at  81 — 82°.  The  yield  was  4*3  grams,  or  about  45  per  cent 
of  the  calculated  amount : 

0-4383  gave  00822  MgjPjOy.     P - 5-22. 

Cj^HggOyP  requires  P»  525  per  cent 

The  ester  dissolves  very  easily  in  ethyl  acetate  or  hot  alcohol,  and 
8  also  soluble  in  boiling  light  petroleum. 
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SaUi  ^  Di-p-iolifiMB^Imiprop^itktMiJkQt out  Acid, 
OH(CH,KK^Hy),-OPHO(OH). 

The  mmUim  salt,  CH(CH,-0-CyH^),-OPHO-0-NH,-C^H^,  rryital- 
liaw  from  dilate  alcohol  in  needles  melting  at  123—124^  : 

0*3385  gave  0-0599  Ug^Vfij.     P  -  7  30. 

OjjH^OjNP  requires  P-  7*22  per  eent. 

The  ^ioiuidim  salt,  CH(CHj-0-C7U7),-0-PHO-0-NH,«CyH„  crys- 
tallisee  similarly  and  melto  at  144—145'' : 

01880  gave  0-0474  Big^PjO^.     P - 702. 

CjJTjoOjNP  requires  P«6-99  per  cent. 

In  oondusioD,  the  author  desires  to  express  his  thanks  to  Mr.  H.  D. 
Perkins,  who  prepared  and  analysed  some  of  the  salts  described  in  this 
paper.  The  expense  of  the  investigation  has  been  defrayed  by  a 
Grant  from  the  Research  Fund  of  the  Chemical  Society. 
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CXI  I. — Attempts  to  Prepare  Isomeric  Quateiifuiry  Salts. 

By  Mabmadukb  Barrowclifp  and  Frederic  Stanley  Kipping. 

In  a  communication  to  this  Society  (Trans.,  1897,  71,  522),  Miss  0. 
de  Brereton  Evans  described  the  results  of  some  attempts  to  prepare 
isoBierie  ethyl  propyl  pi  peridinium  iodides.  One  and  the  same  product 
was  obtained  by  combining  on  the  one  hand  ethylpiperidine  with 
propyl  iodide,  and  on  the  other  propylpiperidine  with  ethyl  iodide^ 
but  when  the  compound  prepared  by  either  of  these  methods  was 
crystallised,  a  mixture  was  obtained  of  enantiomorphotis,  crystals 
exhibiting  optical  activity ;  when  separated  and  dissolved  in  water, 
however,  each  kind  of  crystal  gave  an  optically  inactive  solution.  It 
was  also  found  that  by  dissolving  the  crystals  of  either  form  and 
recrystallising,  a  mixture  of  both  was  obtained. 

As  it  seemed  possible  tkat  the  absence  of  optical  activity  in  solution 
was  due  to  the  salt  completely  raoemising,  as  is  the  case  with  Wede- 
kind's  phenylbenzylmethylallylammonium  iodide  (Pope  and  llarvey, 
Trans.,  1901, 79,  831),  the  authors  have  endeavoured  to  isolate  isomeric 
derivatives  from  the  iodide  described  by  Miss  Evans.     For  this  par- 
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pose,  the  dextrobromocamphorsulphonate  was  prepared  from  the  iodide 
and  fractionally  crystallised  from  non-dissociating  solvents,  but  with* 
out  obtaining  the  slightest  indication  of  the  presence  of  isomerides. 
Benzylmethylpiperidinium  c^bromocamphorsulphonate  and  ethylpiperi- 
dine  e^bromocamphorsulphonate  were  examined,  but  in  these  cases 
also,  evidence  of  the  existence  of  more  than  one  form  was  not  forth> 
coming. 

It  may  be  here  remarked  that  the  phenomenon  noticed  by  MIbs 
Evan«  has  not  been  observed  in  the  case  of  other  piperidinium  deri- 
vatives, and  Wedekind  found  no  crystallographic  differences  on  examin- 
ing benzylallylpiperidinium  iodide  and  benzylpiperidinium  iodide  ethyl 
acetate  (Ber.j  1902,  36,  620).  Experiments  were  next  made  to  try  and 
ascertain  whether  these  quaternary  compounds  dissociate  in  solution, 
because  if  they  do  so  the  absence  of  isomerism  would  easily  be  accounted 
for,  as  each  isomeride  would  give  the  same  enantiomorphous  mixture. 
The  results,  however,  seem  to  show  conclusively  that  dissociation 
does  not  occur  and  hence  the  failure  to  obtain  isomerides  in  this 
class  of  compounds  cannot  readily  be  explained. 

Experimental. 

Ethylpropylpiperidinium  d-BromocamphorsiilpIwnaief 
CgHjoNEtPr-SOg-CioHi^BrO. 

Ethylpropylpiperidinium  iodide,  prepared  by  combining  ethylpiper- 
idine  with  propyl  iodide  in  the  manner  recommended  by  Miss  Evans, 
was  purified  by  recrystallisabion  from  acetone,  dissolved  in  alcohol,  and 
treated  with  an  alcoholic  solution  containing  the  calculated  quantity 
of  silver  (2-bromocamphorsulphonate.  After  filtering  off  the  silver 
iodide,  the  solution  was  evaporated,  when  a  gummy  mass  was  obtained, 
which  slowly  crystallised,  and  was  then  evaporated  several  times 
with  ethyl  acetate  to  free  it  from  alcohol. 

The  ethylpropylpiperidinium  (2-bromocamphorsuIphonate  thus  ob- 
tained is  very  soluble  in  water,  alcohol,  and  chloroform,  rather  less 
soluble  in  acetone,  sparingly  so  in  ethyl  acetate,  and  insoluble  in 
ether,  light  petroleum,  benzene,  and  other  hydrocarbons.  It  crystal- 
lises from  all  solvents  in  needles  melting  at  2 IP. 

Fractional  Crystallisation  of  JSthylpropylpiperidinium  d-Bramo- 
cainpharsulphonate. 

(a)  From  Alcohol  and  Ethyl  Acetate. — The  substanoe  was  dissolved 
in  warm  alcohol  and  sufllcient  ethyl  acetate  added  ;  on  cooling,  the 
salt  crystallised  out  slowly  in  needles.  Seven  fractionations  carried 
out  in  this  manner  failed  to  produce  any  alteration  in  the  melting 
points  of  the  first  and  last  fractions,  both  of  which  melted  at  21 1^ 
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Tte  mol«ouUr  roUtioD  of  the  fint  frttotion  wm  Umo  found  to  bo 
[M]d  -(-STS®,  a  T&luo  idontioal  with  that  of  ci-bromooamphoniulphoiiie 


(5)  I^rom  Actlam  mmd  Bikyl  ilMlato.~The  Mlt  wm  dia«>lvod  in 
%  obeU  quantity  of  oold  aoetono  and  aomo  othyl  aootato  added  ;  the 
Mjalahi,  whioh  eoon  aeparated,  were  fractionally  orystalliaed  eight  or 
aiiw  MtaM  in  this  manner  without  any  alteration  in  melting  point 
being  obeenred.  The  molecular  rotation  of  the  first  fraction  was  then 
[MV  +871-6° 

(e)  From  Ckloro/arm,  PtiroUum,  and  Ethyl  Aettaie.-^The  salt  was 
nszl  orystaiUsed  from  non-dissociating  solvents,  the  use  of  alcohol  and 
aestone  being  avoided ;  its  solution  in  the  smallest  possible  quantity 
of  chloroform,  when  treated  with  light  petroleum  and  a  small  quantity 
of  ethyl  acetate,  slowly  deposited  crystals,  the  properties  of  which 
renained  unchanged  even  when  this  treatment  was  repeated  sevenjtimet. 

Crystallisation  from  hot  solvents  was  then  employed,  the  solution 
of  tho  salt  in  a  small  quantity  of  chloroform  was  boiled,  light  petroleum 
and  ethyl  acetate  were  added,  and  the  boiling  continued  until  crystals 
slowly  separated.  These  processes  were  repeated  six  times  without 
changing  the  melting  point.  The  molecular  rotation  of  the  first 
fraction  was  then  found  to  be  [M]p  +  269°.  Similar  experiments  with 
hot  acetone  and  ethyl  acetate  also  gave  negative  results. 

We  next  tried  whether  a  resolution  could  be  effected  at  still  higher 
temperatores  than  those  attained  in  the  previous  experiments.  A  few 
grams  of  the  salt  were  boiled  with  xylene,  and  sufficient  amyl  alcohol 
to  dissolve  about  1/lOth  of  the  substance  was  added.  After  boiling  for 
some  time,  the  liquid  was  decanted  and  the  solvent  distilled.  The 
residue  melted  at  212°,  and  its  molecular  rotation  was  found  to  be 
[Mjo  +270°. 

To  see  whether  the  presence  of  an  optically  active  substance  in  solu- 
tion would  aid  the  resolution,  the  salt  was  .fractionally  crystallised 
several  times  from  a  solution  of  one  part  of  camphor  in  two  parts  of 
ethyl  acetate,  but  without  effect. 

Bent^lmeihylpiperidinium  d-BromoeamphorsulphonaUt 
C,H,oNMeBxSO,C,oHi,BrO. 

As  it  seemed  probable  that  isomerides,  if  they  existed,  would  be 
more  readily  separated  if  the  molecule  contained  two  very  dissimilar 
radicles,  such  as  benzyl  and  methyl,  in  the  place  of  ethyl  and  propyl, 
and  as  also  the  large  molecular  weight  of  the  benzyl  group  might 
prevent  it  from  changing  places  with  any  of  the  other  groups, 
some  derivatives  of  benzyl methylpiperidine  were  next  examined. 

Benzylpiperidine,  when  prepared  in  the  usual  manner,  purified  by 
fractional   distillation,   and   treated   with   methyl   iodide,  yielded  a 
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quaternary  iodide  meltiDg  at  144°;  this  product,  which  was  purified 
by  dissolving  in  alcohol  and  precipitating  with  ether,  was  then  allowed 
to  interact  with  silver  d-bromocamphorsulphonate  in  dilute  alcoholic 
solution.  On  evaporating  off  the  solvent,  a  gummy  mass  remained, 
which  slowly  crystallised  on  cooling.  The  crystals  of  benzylmethyl- 
piperidinium  <Z-bromocamphorsulphonate  melted  at  82 — 83°,  but  after 
having  been  heated  at  100°  for  some  time,  the  melting  point  of  the 
salt  rose  to  160°.  This  salt  was  fractionally  crystallised  eight  times 
from  its  hot  solution  in  chloroform,  light  petroleum,  and  ethyl  acetate, 
but  the  melting  points  of  the  first  and  last  fractions  were  practically 
identical,  and  the  molecular  rotation  of  the  last  was  found  to  be 
[M]o  +270-2°. 

Several  grams  of  the  salt  .were  then  boiled  with  a  mixture  of 
benzene,  light  petroleum,  and  sufficient  acetone  to  bring  a  small 
quantity  into  solution.  After  boiling  for  about  half  an  hour,  the  liquid 
was  decanted  and  evaporated,  when  the  solid  residue  melted  at  157°. 

These  operations  were  repeated  until  only  a  small  portion  was  left 
in  the  flask ;  the  molecular  rotation  of  this  residue  was  found  to  be 
[M]d  +270-5° 

Ethjlpiperidine  d-bromocamphorsiUphoncUe . 
C^HioNHEfSOg-CioHi.BrO. 

This  salt  was  next  examined  ;  its  solubilities  are  of  the  same  order  as 
those  of  the  salts  previously  described  ;  it  separates  in  needles  melting 
at  158".  From  acetone,  it  was  fractionally  crystallised  six  times,  and  ten 
times  from  its  hot  solution  in  acetone,  light  petroleum,  and  ethyl  acetate, 
but  no  change  in  melting  point  or  specific  rotation  was  observed,  and 
the  molecular  rotation  of  the  last  fraction  was  found  to  be  [M]p  +  272°. 

The  salt  of  ethylpiperidine  with  Keychler's  camphorsulphonic  acid, 
which  was  also  prepared,  was  hygroscopic  and  did  not  crystallise  well, 
and  was  therefore  not  further  examined. 

Unless  it  is  assumed  that  the  salts  described  above  are  really 
mixtures  of  isomerides,  it  would  seem  that  in  order  to  account  for  the 
negative  results  of  the  preceding  experiments  one  of  two  views  may  be 
adopted :  (a)   that   the  positions  of   the  three  uncombined  nitrogen 

valencies  in  the  group  C^HjqIN^   are  interchangeable  owing  to  the 

possibility  of  rotation,  or  (b)  that  the  radicles  which  become  attached 
to  these  valencies  are  interchangeable  to  such  an  extent  that  although 
the  positions  of  the  thiee  valencies  are  fixed,  one  and  the  same  con- 
figuration results  in  whatever  order  the  groups  are  introduced. 
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The  UiUr  alUrnaiive  wm  •xparimenUlly  ioTMiigated  ••  far  m 

ponibi*,  asd  in  the  first  piece  we  attempted  to  aMertatn  whether 

ethjlpropylpiperidinium  iodide  nndergoee  dietootation  or  decompocition 

M   chloroform  eolution;  for  thia   purpoeo,    the   following    molecular 

weight  detenaiaatiope  were  made  : 


Ktkylpropytpifmridinium  Iodide.     M.  W.- 282*5. 

PoroeiiUge 
SabttMC*.  i'illorolorni.  of  nalt  K.  M.  W. 

(a)  0-2373  gram  33  grams  072  0049  536 
0-5254  „  „  1-60  0-ODl  643 
0-8287    ..  „  2-51  0103  790 

(b)  0*3008     »,  32  grams  0  94  0*060  573 

(c)  0*3368     „  46-5     „  0*72  0050  530 

To  account  for  these  abnormal  values,  it  must  be  assumed,  either  that 
the  sabstance  is  associated  in  chlorofoim  solution,  or  else  that  it  is 
diseociated  and  that  the  products  of  dissociation  vaporise. 

When,  however,  an  aqueous  solution  of   the  iodide  is  boiled,  no 

■volution  of  base  or  of  alkyl  iodide  can  be  detected,  and  the  distillate 

i:;  free  from  halogen  compound  ;  further,  on  distilling  the  solution  in 

chloroform,  the  distillate  gives   no   precipitate  with   alcoholic  silver 

nitrate  solution. 

Now  if  the  compound  actually  underwent  dissociation,  but  to  such 
a  very  slight  extent  that  the  results  of  the  molecular  weight  determin- 
ation were  not  appreciably  affected,  it  should  be  possible  to  replace  one 
of  the  alkyl  groups  to  a  greater  or  less  extent  by  treating  the  salt 
with  an  alkyl  halide  containing  a  different  hydrocarbon  residue  to 
either  of  those  already  in  the  molecule.  This  nhould  cause  a  change 
in  the  melting  point  of  the  salt. 

A  quantity  of  the  quaternary  iodide  was  shaken  with  Ijenzyl  chloride 
or  methyl  iodide  and  the  mixture  kept  during  eight  days,  but  in 
neither  caee  was  any  alteration  of  the  melting  point  to  be  noticed. 
These  experiments  were  repeated  with  the  addition  of  sufficient  chloro- 
form to  bring  the  whole  of  the  salt  into  solution  ;  after  some  days,  the 
eolvent  was  evaporated,  but  the  melting  point  of  the  residue  had  not 
been  affected. 

A  solution  of  the  iodide  in  chloroform  was  mixed  with  methyl  iodide 
md  boiled  under  a  reflux  cendenser  for  eight  hours,  but  the  melting 
point  of  the  solid  obtained  by  precipitation  with  ligroin  wa«  the  same 
as  that  of  the  salt  originally  taken. 

The  molecular  weight  of  ethylpropylpiperidinium  iodide  in  water 

VOL.  LXXXIIL  ♦  H 
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was  found  to  be  normal,  as  shown  by  the  following  results.    Calculated, 
M.  W.  =  282-5: 

Substance.  Water.  Percentage.  E.  M.  W.    ] 

0-2106  gram  20-8  grams  I'Ol  0042  126 

0-4300     „  20-8     „  2-06  0079  136 

The  abnormal  values  in  chloroform  solution  are  therefore  to  be 
ascribed  to  association,  and  it  seems  reasonable  to  suppose  that  this  is 
due  to  the  polyvalency  of  the  iodine  atom,  which  may  give  rise  to 
trimolecular  complexes  such  as 

:N 1 1 N=( 

63H,    \/         O3H, 

C2H-N-C3H, 

This  appears  to  be  the  first  case  of  the  kind  which  has  been  observed. 

Wedekind  (Ber.j  1902,  35,  766)  found  the  molecular  weight  of 
phenylbenzylmethylallylammonium  iodide  in  aqueous  solution  to  vary 
from  343  to  516  with  increase  of  concentration  from  1|  to  lOJ  per  cent, 
(calculated  value  379*5),  but  the  abnormally  high  value  in  this  case  was 
proved  to  be  due  to  the  separation  and  vaporisation  of  benzyl  iodide, 
which  appeared  as  drops  in  the  tube  of  the  condenser. 

Another  phenomenon  worthy  of  mention  in  connection  with  these 
experiments  is  the  slowness  of  the  combination  of  ethylpiperidine 
with  propyl  iodide.  This  reaction  was  generally  carried  out  by  heating 
together  calculated  quantities  of  each  reagent  on  the  water- bath  for  4 — 5 
hours ;  the  yield  was  never  much  greater  than  50  percent,  of  the  theoretical. 
In  other  experiments,  weighed  quantities  of  each  reagent  were  thoroughly 
mixed  in  a  stoppered  bottle  and  allowed  to  remain  at  the  ordinary 
temperature  for  a  month  ;  ether  was  then  added,  and  the  solid  collected 
and  thoroughly  washed  with  ether.  The  yield  was  58  per  cent.,  but 
on  allowing  the  filtrate  to  remain  for  another  week  a  further  quantity 
of  iodide  was  obtained,  increasing  the  proportion  to  65  per  cent, 
whilst  additional  amounts  of  the  salt  were  subsequently  deposited  from 
the  mother  liquor. 

The  authors  beg  to  acknowledge  their  indebtedness  to  the  Govern- 
ment Grant  Committee  of  the  Royal  Society  for  financial  assistaaoe 
in  carrying  out  this  work. 

Ujiivkrsity  Colleob, 
nottinoham. 
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CXI  1 1. — Some  Salu  oj  d-  and  l-a-PhefiyleUiylamifuuk 

Bj  Albsst  Eowaed  Hunter  and  Fmcdkric  Stanlsy  KipriNo. 

During  the  inYeBtigation  of  the  salts  of  hydriDdamioo  and  of  mviliyl- 
hjdnndainioe  (this  vol.,  p.  873  it  sag.),  we  were  led  to  examine  thoio 
of  teTeral  other  optically  active  and  ctf-baeos,  and  amongst  these  sonio 
Mlta  of  ctf-a-phenylethylamine. 

This  base  is  easily  prepared  by  the  reduction  of  aoetophenone  ozime 
and  has  been  resolved  into  its  d-  and  /-components  by  Loven  (Bsr., 
1896,  99^  2313)  ;*  as  the  method  which  he  employed  was  not  a  very 
satisfactory  one,  we  tried  fractionally  crystallising  the  (/-bromocamphor- 
snlphoaate  of  the  dl-haae,  and  in  the  drat  place  isolated  a  salt  melting 
at  about  206— 207^ 

AJthough  in  dilute  aqueous  solution  the  molecular  rotation  of  this 
salt  is  [M]o  +271°  (which  is  identical  with  that  of  the  acid),  the  salt 
is  not  partially  racemic,  but  is  that  of  the  /-base,  the  basic  ion 
having  no  appreciable  activity;  the  free  base,  however,  in  aqueous 
akoholio  solution  is  Isvorotatory,  its  specific  rotation  being  [a]n  —  25°  $ 
this  behaviour  recalls  that  of  the  d-  and  /-hydrindamineit  (compare 
Kipping,  this  vol.,  p.  873).  The  (i-bromocamphorsulphonate  of  the 
<i-baae,  which  remains  in  the  mother  liquors  from  the  preceding  com- 
pound, was  only  obtained  in  an  impure  condition. 

When  pure  /-phenylethylamine  (i-bromocamphorsulphonate  was 
decomposed  with  barium  hydroxide  and  regenerated  from  its  com- 
ponent acid  and  base,  the  original  salt  was  recovered  apparently 
unchanged,  showing  that  the  base  does  not  racemise  under  these 
conditions ;  when,  further,  this  regenerated  salt  was  repeatedly  and 
systematically  crystallised  from  water,  it  was  not  resolved  into  frac- 
having  appreciably  different  specific  rotations,  a  result  which 
to  show  that  the  optically  active  a-phenylethylamine  does  not 
give  rise  to  separable  isomeric  salts  such  as  are  obtained  from 
hydrindamine. 

Similar  experiments  were  made  with  the  (i^hlorocamphorsulphonate 
of  the  /-base,  but  here  also  systematic  crystallisation  of  the  regener- 
ated salt  failed  to  reveal  the  existence  of  isomerides,  the  first  and  last 
fractions  having  practically  the  same  specific  rotation. 

The  salts  obtained  by  combining  the  dl-btMe  and  the  /-base  respec- 
tively with  Reychler's  <i-camphor8ulphonic  acid  were  also  prepared, 
and  it  is  interesting  to  not^  that  the  two  substances  differ  very  little 

*  HATing  githered  from  a  recent  commanicstion  (Thomd,  Ser.,  1908,  36,  582) 
that  Loren  was  continaing  bis  work  on  this  compound,  and  had  already  published 
farther  results  in  journals  which  were  not  ■cccatibla  to  as,  we  oonunanicated  with 
him,  and  found  that  we  were  workiog  on  different  lines. 

4  H  2 
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in  melting  point  and  have  practically  the  same  specific  rotation,  the 
data  being  as  follows  : 

m.  p.  [oIb.       [MV 

tZ/Phenylethylamine    J-bromocamphor- 

sulphonato   141—144°   +14-6°    4-51*5° 

/-Phenylethylamine    (Z-bromocamphor- 

sulphonate   149—150        14  50 

Obviously,  in  this  case,  it  would  be  barely  possible  to  distinguish 
between  the  two  salts  by  optical  examination  alone. 

The  benzoyl  derivative  prepared  from  the  /-base  is  optically  inactive, 
probably  owing  to  racemisation  having  occurred. 

Resolution  of  d\-a-Phenylethylamine. 

a-Phenylethylamine,  prepared  by  reducing  acetophenoneoxime  with 
sodium  amalgam  and  acetic  acid  in  dilute  alcohol,  is  neutralised  with 
an  aqueous  solution  of  c/bromocamphorsulphonic  acid  and  the  solution 
concentrated ;  the  first  and  several  subsequent  deposits  consist  of 
compact  prismatic  crystals,  but  when  about  40  per  cent,  of  the  total 
salt  has  been  separated,  the  solution  yields  long,  feathery  needles,  very 
different  in  character  from  the  crystals  previously  obtained.  The  first 
deposits,  when  crystallised  several  times  from  water,  give  long,  well- 
defined,  anhydrous  prisms,  which  are  only  sparingly  soluble  in  water, 
and  which  melt  sharply  at  206 — 207° ;  the  feathery  needles,  when 
fractionally  crystallised,  yield  further  quantities  of  the  sparingly 
soluble  salt,  which  it  is  extremely  difficult,  if  not  impossible,  to  separate 
entirely.  A  sample  of  the  readily  soluble  salt,  which  had  been  frac- 
tionally crystallised  some  20  or  30  times,  melted  indefinitely  at  about 
80°  when  dried  on  porous  earthenware,  and  appeared  to  contain  water 
of  crystallisation ;  when  dried  at  60°  for  several  hours,  it  melted  at 
about  160°. 

Samples  of  the  two  salts,  dried  at  100°,  were  examined  optically  in 
a  200  mm.  tube  with  the  following  results  : 

[«k         [M]p. 
Salt,  m.  p.  206°    0  5  gram    20  c.c.  of  water     +314°    +62*8°    +271° 
160°    0-5     „        25  „  2-45         61-2         264 

The  molecular  rotation  of  (/-bromocamphorsulphonic  acid  being 
+  270°,  it  seemed  probable  that  both  these  salts  were  partially  racemic, 
and  this  view  was  apparently  confirmed  by  the  fact  that  the  benzoyl 
derivatives  of  the  bases  from  each  of  the  salts,  prepared  by  the 
Schotten-Baumann  method,  were  identical  in  melting  i)oint  and  outward 
properties  with  the  derivative  obtained  from  the  original  (iZ-base  ; 
mixtures  of  the  three  compounds  also  melted  at  the  same  temperature 
M  the  single  substance,  namely,  at  120° 
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Wbeo,  however,  a  small  quantity  of  the  pare,  eparingly  soluble  aalt 
daoooipoeed  with  barium  hydroxide,  the  liberatod  base  distilled  in 
I,  aad  oombined  again  with  the  aoid  recovered  from  the  barium 
«dl»  the  product  was  found  to  consist  entirely  of  the  salt  melting  at 
S06— SOr* ',  the  readily  soluble  salt,  when  regenerated  in  a  similar 
maimer,  was  also  unchanged. 

Now,  if  these  salts  represented  isomeric,  partially  racemic  com- 
pounds^  such  as  are  obtained  from  hydrindamine,  each  should  have 
given  a  mixture  of  the  two  isomerides ;  as  this  was  not  the  oai>e,  we 
eoodiided  that,  in  spite  of  their  apparently  anoinalouK  molecular 
rotatloos,  they  were  really  the  salts  of  the  two  enantiomorpiioiihly 
reUted  bases. 

Thm  view  was  contirmed  by  docomposing  with  barium  hydruxide  a 
■ample  of  the  pare  sparingly  soluble  8alt  (m.  p.  206 — 207)  haviug  a 
specific  rotation  [ajo  +63*2^;  the  liberated  base  was  distilled  in  steam 
and  the  distillate  neutralised  with  bydrochlorfc  acid ;  the  hydro- 
ehloride  which  was  ultimately  obtained  from  the  solutioD  was 
lecrystallised  from  water  and  from  ethyl  acetate  and  dried  at  100°. 

One  gram  of  this  salt,  when  dissolved  in  water  and  the  solution 
diluted  to  25c.c,  was  examined  in  a  200  mm.  tube  and  gave  a^  —0*3°, 
whence  [a]o- 3-7°. 

As  the  base  appeared  to  have  only  a  very  small  specific  rotation  in 
solutions  of  its  salts,  1  gram  of  the  hydrochloride  was  decomposed 
with  oaostie  potash  and  the  liberated  base  distilled  in  steam  ;  the  first 
25c.c.  of  the  distillate,  when  clarified  by  the  addition  of  alcohol  and 
examined  in  a  200  mm.  tube,  gave  a^  —1*33°,  so  that  the  specific 
rotation  [a]o of  the  free  base  is  at  least  -  22°. 

Other  determinations  in  which  the  quantity  of  base  in  the  solution 
was  sabsequently  estimated  by  titration  gave  [a]u  -25°;  there  is 
therefore  no  doubt  that  fractional  crystallisation  of  the  (i-bromo- 
campborsulphonate  of  <2/-a-phenylethylamine  effects  a  resolution  into 
the  salts  of  the  d-  and  Abases. 

The  salt  of  the  ^base  is  readily  soluble  in  hot  water,  alcohol,  and 
chloroform,  sparingly  so  in  cold  water,  acetone,  and  carbon  tetra- 
chloride, and  practically  insoluble  in  ethyl  acetate ;  the  salt  of  the 
Cubase  is  very  soluble  in  cold  water  and  many  organic  solvents,  but 
only  sparingly  so  in  ethyl  acetate. 

Btgmtralion  of  \-a-Phentfltthylamin»  dBromocamphomdphonaU, 

It  has  already  been  stated  that  the  regenerated  /^-phenylethybtmine 
(i^bromocamphorsulphonate  is  free  from  the  salt  of  the  (i-base,  and  is 
apparently  identical  with  the  original  substance.  In  order  to  try  to 
isolate  isomeric  salts  such  as   are  obtained  from  hydriodamine  and 
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from  methylhydriDdainine  (loc.  cit.)y  a  considerable  quantity  of  the 
pure  salt  melting  at  206 — 207*^  was  decomposed  and  regenerated  from 
the  same  acid  and  the  same  base. 

Although  the  salt  thus  obtained  was  subjected  to  a  prolonged  process 
of  fractional  crystillisation,  the  most  readily  soluble  portion,  which  at 
first  melted  at  about  202°,  when  crystallised  twice  from  water  melted 
at  206°,  and  appeared  to  be  identical  with  the  most  sparingly  soluble 
fraction. 

As  hydrolytic  dissociation  might  possibly  account  for  the  failure  to 
isolate  isomeric  compounds,  a  second  experiment  was  made,  the  regen- 
erated salt  being  fractionally  crystallised  from  a  mixture  of  absolute 
alcohol  and  ethyl  acetate  ;  the  result,  however,  was  the  same  as  before, 
the  first  and  last  fractions  differed  in  melting  point  by  barely  1°,  and 
they  had  the  same  specific  rotation,  namely,  [a]D4-50°  in  a  3  percent, 
chloroform  solution. 

X-a-Phenylethylamine  d-ChlorocampIioraulphonaie. 

A  solution  of  the  Z-base  prepared  from  pure  ^-a-phenylethylamine 
c?-bromocamphorsulphonate  was  neutralised  with  cZ-chlorocamphorsul- 
phonic  acid  and  evaporated  ;  the  first  deposit,  which  consisted  of  long, 
slender  needles,  was  then  recrystallised  several  times  from  hot  water, 
in  which  it  was  readily  soluble  ;  the  most  sparingly  soluble  fraction, 
which  then  melted  at  about  198°,  was  dried  at  100°  and  examined 
optically. 

0'5  gram  dissolved  in  water,  the  solution  diluted  to  20  c.c,  and 
examined  in  a  200  mm.  tube,  gave  ai>  + 2*4°,  whence  [a]D  +  48°  and 
[M]i,  +  186° 

The  molecular  rotation  for  <2-chlorocamphorsulphonic  acid  being 
[M]d+188°,  this  result  agrees  with  those  obtained  in  the  deter- 
minations made  with  the  c?-bronocamphorsulphonate  in  showing  that 
the  basic  ion  is  practically  devoid  of  optical  activity.  The  whole 
of  the  (i-chlorocamphorsulphonate  was  next  submitted  to  fractional 
crystallisation,  and  after  some  20 — 30  operations  a  small  quantity  of 
salt  was  obtained  from  the  last  mother  liquors  ;  this  melted  a  few 
degrees  lower  than  the  first  fraction,  but  when  examined  optically  it 
gave  the  following  result,  which  is  practically  the  same  as  that  ob- 
tained with  the  sparingly  soluble  fraction  referred  to  above  : 

0*143  gram  dissolved  in  water,  the  solution  diluted  to  20  cc,  and 
examined  in  a  200  mm.  tube,  gave  aD  +  0*68^,  whence  [a]o  +  47'5°, 
and[M]i,  +  184° 

Further  fractional  crystallisation  failed  to  afford  any  indication  of 
the  presence  of  isomeric  salts,  the  values  finally  obtained  for  the 
first  and  last  fractions  being  [a ]n  + 186-6°  and  188°  respectively  in 
aqueous  solution. 
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StUlt  wOk  U$^cUtr'9  ii'CamphartMipkomc  AM, 

At  the  cf-bromooamphorRiilphonAto  of  the  ci-bMe  oould  Dot  h% 
oonipletelj  vepaimtad  from  tlio  salt  of  the  l-haae  oo  aocount  of  iti 
freatar  solubility  in  water,  we  attempted  to  prepare  the  puru  cf-base 
with  the  aid  of  Reychler'a  cf-oamphorHul phonic  acid.  Pope  aod  llanrej 
(Trana.\  1899,  75,  1110)  deeoribe  the  salt  of  the  inactive  base  aa 
crystallising  from  acetone  in  plates  melting  at  141 — 143^,  and  classify 
it  as  a  partially  raoemic  compound  ;  on  repeating  the  work,  our  reeult«i 
appeared  to  agree  with  theirs,  but  the  melting  point  of  the  salt  of  the 
<tf-ba8e  was  found  to  be  raised  several  degrees  by  prolonged  crys- 
tallisation. 

The  impure  ct-base  obtained  from  the  crude  ef-bromocamphor- 
sulphonate  was  combined  with  Reychler's  acid  and  the  salt  fractionally 
crystallised  both  from  acetone  and  from  ethyl  acetate ;  the  melting 
point  rose  slowly  on  repeated  crystallisation  from  about  140°  to  146°, 
and  the  speci6o  rotation  of  a  sample  of  the  salt  was  then  determined. 

One  gram  dissolved  in  water  and  the  solution  diluted  to  20  c.c.  gave, 
in  a  200  mm.  tube,  a^  +  1*46°,  whence  [a]n  +  146°  and  [M]p  + 
51-5°. 

The  molecular  rotation  for  salts  of  Reychler's  acid  with  inactive 
bases  being  [M]p  +  51°,  this  result  seemed  to  indicate  the  presence  of 
(2/-base,  but  bearing  in  mind  the  behaviour  of  /-a-phenylethylamine 
(i-bromocamphorsulphonate,  it  was  quite  possible  that  the  salt  was 
that  of  the  (2-base  ;  as  a  matter  of  fact,  the  base  obtained  from  this  salt 
was  found  to  have  a  speciBc  rotation  of  about  [ajo  +  8°  showiog 
that  the  preparation  consisted  of  very  unequal  quantities  of  the  salts 
of  the  d-  and  /-bases.  The  salt  was  therefore  crystallised  again  several 
times,  but  although  the  melting  point  eventually  reached  149°  the 
specific  rotation  of  the  base  contained  in  it  remained  practically  the 
same  as  before ;  the  base  liberated  from  the  most  readily  soluble 
fraction  had  also  approximately  the  same  specific  rotation  as  that 
obtained  from  the  most  sparingly  soluble  portion. 

In  order  to  compare  the  physical  properties  of  the  salt  of  the  /-base 
with  that  of  the  ^//-compound,  the  Reychler  salt  was  prepared  from 
the  pure  /-base ;  when  crystallised  from  ethyl  acetate  severml  timn,  it 
was  obtained  in  plates  which  were,  as  far  as  oould  be  aaoertained, 
identical  in  appearance  with  the  crystals  of  the  corresponding  salt  of 
the  (//-base  and  melted  at  149—150°. 

Optical  examination  gave  the  following  result :  0*22  gram  dissolved 
in  water  and  the  solution  diluted  to  20  cc,  gave,  in  a  200  mm.  tube, 
aD  +  0-31°,  whence  [ajp-l- 14°  and  [M]u  +  50°. 

These  experiments  show  that  the  salts  of  the  two  enantiomorphously 


1152      SOME  SALTS   OF  D-   AND   L-a-PHENYLETHYLAMINES. 

related  bases  differ  but  little  from  each  other  and  from  the  salt  of  the 
cZZ-base  both  in  solubility  and  in  melting  point,  so  that  Eeychler's  acid 
is  useless  for  the  resolution  of  the  dl-h&se.  Whether  the  salt  of  the 
dl'hase  is  partially  racemic  or  a  mere  mixture,  there  is  insufficient 
evidence  to  decide. 


Benzoyl  DeHvative  rrom  l/ie  VBase. 

As  the  benzoyl  derivatives  prepared  from  the  d-  and  from  the  (//-base 
respectively  melted,  as  already  mentioned,  at  the  same  temperature, 
it  seemed  desirable  to  ascertain  if  the  base  had  undergone  racemisa- 
tion  during  benzoylation.  For  this  purpose,  a  small  quantity  of  the 
pure  d-chlorocamphorsulphonato  was  shaken  up  with  strong  caustic 
soda  solution  and  benzoyl  chloride  in  the  usual  way,  and  the  resulting 
product  crystallised  from  dilute  alcohol. 

A  solution  of  about  1  gram  in  sufficient  alcohol  to  till  a  200  mm. 
tube  was  found,  on  examination  in  the  polarimeter,  to  possess  no 
optical  activity  whatever  ;  and,  on  subsequent  hydrolysis  with  strong 
hydrochloric  acid,  the  base  recovered  was  found  to  have  undergone 
complete  racemisation.  The  base  itself  seems  to  be  stable,  and  appar- 
ently does  not  undergo  racemisation  when  heated;  a  sample  of  the 
crude  fZ-base,  which  had  been  distilled  under  reduced  pressure  and  sub- 
sequently under  atmospheric  pressure,  was  still  optically  active. 

It  seems,  therefore,  that  the  base  undergoes  racemisation  during  the 
preparation  of  the  benzoyl  derivative. 

The  authors  beg  to  acknowledge  their  indebtedness  to  the  Govern- 
ment Grant  Committee  of  the  Royal  Society  for  tinancial  assistance  in 
carrying  out  this  work. 

Univriisity  Coi.lkok, 

NoniKGIIAM. 
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CXIV. — fi-Broimcinnamic  Acids. 

Bj  John  J.  Suddobouqh  and  KKXwoETnY  J.  THoiirsoir. 

• 
fi-Bwouo-  and  /S-bromooZ/o-cinnamio  acids  were  Bret  obtained  by 
Miefaael  and  Brown  (Btr.,  1886,  19,  1379,  and  1887,  20,  550)  by  the 
action  of  an  aqueous  solution  of  hydrogen  bromide,  saturated  at  0^, 
on  phenylpropiolic  acid.  The  two  acids  were  sepitrated  by  crystallisa* 
tion  first  from  alcohol  and  then  from  chloroform.  The  P-hromoalUh 
fflnnamio  acid  crystallises  from  alcohol  in  extremely  well-developed 
priamatie  plates  melting  at  159 — 160°,  and  the  )3-bromocinnamio  acid 
from  chloroform  in  rhombic  prisms  resembling  cubes  and  melting  at 
134 — 135^  These  authore  state  that  the  )3-acid  is  stable  towards  cold 
concentrated  alkalis,  whereas  the  isomeric  allo-axiid  is  transformed  into 
a  neutral,  oily  subsUnce.  R  Erlenmeyer  (Ber.f  1886,  19,  1936) 
describes  two  acids  produced  by  the  union  of  hydrogen  bromide  with 
phenylpropiolic  acid,  the  one  melting  at  153*5°  and  the  other  at 
159 — 160^  It  is  highly  probable  that  the  former  is  a  mixturo  of 
/3-bromoa^/ocinnamic  acid  with  a  small  amount  of  the  /3-bromo-acid 
melting  at  134—135° 

Liebermann  and  Scholz  (Ber.^  1892,  25,  950)  reduced  the  ^-bromo- 
o^^o-acid  melting  at  159 — 160°  with  ziuc  and  alcohol  and  obtained 
oZ/ocinnamic  acid,  thus  proving  that  the  less  fusible  acid  was  a  deriva- 
tive of  (UlocinikAjnic  acid.  From  its  method  of  formation  and  from 
the  fact  that  on  oxidation  with  cold  permanganate  it  does  not  yield 
benzaldehyde,  they  conclude  that  the  bromine  atom  must  be  in  the 
yS-position  with  respect  to  the  carboxyl  group.  These  chemists  state 
that  they  were  unable  to  obtain  Michael  and  Brown's  ^-bromo>acid 
melting  at  134—135°. 

Erlenmeyer  (Annalen,  1895,  287,  1)  confirms  Michael  and  Brown's 
description  of  the  two  )8-bromo-acids  melting  respectively  at  159 — 160° 
and  134—135°.  Sudborough  and  Lloyd  (Trans.,  1898,  74,  87)  have 
also  prepared  the  two  acids  and,  from  the  readiness  with  which 
these  isomerides  may  be  obtained,  find  it  difficult  to  account  for 
the  negative  results  first  obtained  by  Erlenmeyer  and  by  Liebermann 
and  Scholz. 

The  present  investigation  was  undertaken  with  the  object  of  studying 
the  reaction  between  phenylpropiolic  acid  and  hydrogen  bromide  in 
order  to  determine  whether  the  two  acids  are  always  produced,  or 
whether,  under  certain  conditions,  the  /3-bromoa^/ocinnamic  acid  is  the 
only  product.     The  usual  stereochemical  conceptions  of  the  phenyl- 
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propiolic  acid   molecule   readily  account   for   the   production   of   the 
aZ^acid, 

Br-C-Ph 

H-C-00,H ' 

bj  the  addition  of  hydrogen  bromide,  and  the  formation  of  the  ^-acid, 

Ph-C-Br 
H-cJ-COaH' 

must  be  attributed  to  intramolecular  change. 

The  investigations  of  J.  Wislicenus  (Annalen,  1892,  272,  1 ;  1893, 
274,  99,  and  j5er.,  1896,  29,  lief,  1080)  and  Fittig  (Annalen,  1892, 
273,  127)  on  the  addition  of  bromine  to  unsaturated  compounds  sug- 
gested the  study  of  the  influence  of  light,  temperature,  and  solvent  on 
the  nature  of  the  additive  products  produced. 

The  existence  of  a  third  cinnamic  acid,  the  so-called  isocinnamic  acid 
described  by  Liebermann  (Ber.,  1890,  23,  141),  Erlonmeyer  {Annalen, 
1895,  287,  1),  and  Michael  (Ber.,  1901,  34,  3640),  introduced  a 
theoretical  difficulty  into  the  study  of  this  group  of  compounds,  as  the 
usual  van't  Hoff- Wislicenus  conception  admits  of  only  two  stereoiso- 
meric  /?phenylacrylic  acids.  Michael's  results  also  tended  to  show  that 
the  so-called  ^-bromoa^/ocinnamic  acid  melting  at  159 — 160°  is  in 
reality  a  derivative  of  i^ocinnamic  acid,  and  that  the  o/Zocinnamic  acid 
obtained  during  its  reduction  is  probably  a  secondary  product  produced 
by  the  molecular  rearrangement  of  the  t«o-acid.  The  later  work  of 
Liebermann  (Ber.,  1903,  36,  176)  and  Michael  {ibid.,  900),  however, 
indicates  that  the  so-called  tsocinnamic  acid  is  in  all  probability  not  a 
definite  chemical  compound,  but  a  mixture  of  a//ojinnamic  acid  with 
some  other  acid,  probably  hydrocinnamic  acid. 


Experimental. 
1.  Preparation  of  Phenylpropiolic  Acid, 

Michael  {Ber.,  1901,  34,  3648)  recommends  th«  preparation  of  the 
mixture  of  a-bromo-  and  a-bromoa/Zo^cinnamic  acids  by  the  action  of 
dilute  aqueous  alkali  (2*5  mols.  for  each  mol.  of  acid)  on  cinnamic  acid 
dibromide  and  subsequent  transformation  of  the  mixture  into  a-bromo* 
acid  by  heating  for  a  minute  just  above  the  melting  point.  The 
a-bromo-acid  is  then  transformed  into  phenylpropiolic  acid  by  heating 
for  4  hours  on  the  water-bath  with  20  per  cent,  aqueous  potassium 
hydroxide. 

Our  previous  experiments  (Trans.,  1903,  83,  680)  show  that  the  em> 
ployment  of  aqueous  alkalis  with  cinnamic  acid  dibromide  tends  to 
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fona  «»-broaiocinn&mene,  e8|>ec tally  if  th«  tompMmiur*  U  not  ouwfuUjr 
rtgnUtod,  and  abo  that  tha  transfonnaUoii  of  iha  a-bromoo^-aoid 
into  Um  a-brono-oompound  doM  not  take  plaoe  n  raadily  as  in  statad 
bj  Miohaal.  As  the  a-bromo-acid  loses  tbe  elemente  of  hjdrageo 
bromida  modi  mora  readily  than  the  a-bromoo/lo-aoid,  we  have  adopted 
the  following  method  for  the  preparation  of  phenyl propiolio  aoid* 
Cinnamic  acid  di  bromide  is  shaken  in  the  cold  with  alooholic  potash 
(3  equivalents),  the  alcohol  removed  by  evaporation,  and  the  two 
a-bromo-aoids  separated  by  the  aid  of  their  barium  salts  (this  vol., 
p.  673).  The  a-bromoo/^o-acid  is  crystallised  from  a  mixture  of  light 
petroleam  and  chloroform,  and  then  transformed  into  the  a-bromo-acid 
by  heating  for  15—20  minutes  at  205—210^,  the  latter  being  freed 
from  small  amounts  of  unaltered  a-bromort^^o-acid  by  conversion  into 
its  barium  salt  and  the  regenerated  acid  transformed  into  phenyl- 
propiolic  acid  by  heating  for  2  hours  on  a  gently  boiling  water-bath 
with  30  per  cent,  aqueous  potassium  hydroxide  (2*5  mols.).  The 
solution  is  filtered  to  remove  small  amounts  of  phenylacetylene,  acidi- 
fied with  hydrochloric  acid,  and  tbe  precipitated  acid,  when  dry, 
crystallised  from  chloroform.  Tbe  yield  is  very  good,  beiog  about 
68 — 70  per  cent,  of  the  calculated  amount. 

For  the  preparation  of  large  quantities  of  a-bromocinnamic  acid,  we 
have  worked  up  considerable  amounts  of  cinnamic  acid  dibromide  with 
alcoholic  potash  or  soda  or  the  corresponding  ethoxide,  and  we  have 
always  observed  that  the  melting  point  of  the  crude  a-bromoa//o-acid 
is  relatively  low,  being  about  110 — 115°.  A  good  yield  of  the  pure 
add  melting  at  120 — 121°  mayi  however,  be  obtained  after  one  crys> 
tallisation  from  a  mixture  of  chloroform  and  light  petroleum.  When 
ethyl  cinnamate  dibromide  is  decomposed  with  alcoholic  potash  and 
the  acids  separated  by  the  aid  of  their  barium  salts,  the  crude 
a-bromooi/o-acid  almost  invariably  melts  at  118 — 119°,  indicating 
that  it  is  practically  pure.  In  order  to  determine  the  nature  of  the 
impurity  present  in  the  sample  melting  at  110 — 115°,  the  crude 
a-bromoa/A>-acid  was  first  crystallised  from  a  mixture  of  chloroform 
and  light  petroleum,  when  the  pure  compound  was  deposited.  The 
filtrate  was  evaporated  and  the  residue  thus  obtained  extracted  some 
5  or  6  times  with  small  amounts  of  boiling  water  until  the  whole  was 
dissolved.  The  last  extracts,  when  cold,  deposited  an  acid  melting  at 
155 — 157°  which,  after  crystallisation  from  benzene,  formed  tilky, 
prismatic  needles  melting  at  159—160°  and  in  all  respects  identical 
with  )3-bromoa//ocinnamic  acid.  The  amount  of  /3-acid  thus  obtained 
is  relatively  small,  being,  as  a  rule,  about  0*75  gram  from  70  grama 
of  cinnamic  acid  dibromide. 

Several  experiments  were  undertaken  in  order  to  determine  whether 
increase  of  temperature  plays  any  important  part  in  the  yield  of  tbe 

4  I  2 
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)3-bromoa^o-acid.  The  results  indicate  that  the  iDfluence  of  this 
change  is  practically  nil. 

The  question  as  to  whether  small  amounts  of  /3-bromocinnamic  acid 
may  not  also  be  formed  together  with  the  aUoa.cid  by  the  action  of 
alkalis  on  cinnamic  acid  di bromide  must  still  be  regarded  as  open, 
since  the  properties  of  this  acid  are  such  as  to  render  the  isolation  of 
small  amounts  from  a  mixture  of  a-bromo-,  a-bromoa^o-,  and  ^bromo- 
a//o-acids  extremely  difficult. 

Attention  has  already  been  drawn  to  the  fact  that  the  a-bromooi/o- 
acid  obtained  by  the  action  of  alkalis  on  the  esters  of  cinnamic  acid 
dibromide  was  purer  and  had  a  higher  melting  point  (118 — 119°)  than 
the  acid  obtained  when  cinnamic  acid  dibromide  was  used.  This  result 
seems  to  indicate  that  /3-bromoa^/o-acid  is  not  produced  when  an  ester  is 
employed  in  place  of  the  free  acid.  To  test  this  experimentally,  we 
carried  out  the  following  experiment :  60  grams  of  methyl  cinnamate 
dibromide  were  added  to  alcoholic  potash  (2  mols.)  in  the  cold,  the 
mixture  was  kept  for  3  hours  with  occasional  shaking,  the  alcohol 
was  removed  by  evaporation  on  the  water- bath,  and  the  a-bromooZ^o- 
acid  isolated  in  the  usual  manner.  The  crude  acid  melted  at  117 — 119°, 
and  when  treated  in  the  manner  described  above  gave  no  trace  of 
/3-bromoa^o-acid.  The  fact  that  none  of  this  compound  is  produced 
when  an  ester  is  employed  in  place  of  the  free  acid  dibromide  confirms 
the  conclusion  previously  drawn  (Trans.,  1903,  83,  678),  that  in  the 
action  of  alkalis  on  the  esters  the  elimination  of  hydrogen  bromide 
occurs  before,  and  not  after,  hydrolysis. 

2.     Separation  and  Estimation  of  p-Bromo-  and  p-BromO' 
B.\\o -cinnamic  Acids  and  of  their  Esters, 

As  the  product  obtained  by  the  addition  of  hydrogen  bromide  to 
phonylpropiolic  acid  is  a  mixture  of  the  two  /?-acids,  it  became  neces- 
sary to  find  some  simple  and  convenient  method  of  separating  them. 
Michael  and  Brown  first  employed  a  method  of  fractional  separation 
from  alcohol  and  then  from  chloroform ;  they  afterwards  (5«r.,  1887, 
20,  552)  recommended  the  precipitation  of  the  )3-bromo-aoid  as  its 
sparingly  soluble  barium  salt.  We  tried  the  latter  method  and  found 
that  the  ^-bromo-acid  could  readily  be  obtained  pure,  but  that  the 
/3-bromo(f^o-acid  always  contained  small  amounts  of  the  )3-bromo-acid 
mixed  with  it,  on  account  of  the  fact  that  barium  y3-bromocinnamate 
is  sparingly  soluble  in  water  at  the  ordinary  temperature.  The  salts 
of  the  acids  with  either  inorganic  or  organic  bases  (for  example, 
benzylamine,  dimethyluniline,  propylamine)  were  valueless  as  regards 
the  complete  separation  of  the  two  acids. 

The  method  ultimately  adopted  was  as  follows:  10  grams  of  the 
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finely  dmd«d  pbenyiproptoiic  acid  were  gradually  added  to  the  aqueotts 
aolation  of  bjdrogeo  iMromide  under  the  oondiUona  ipeoifled  (p.  1 158)  in 
Um  aeparaie  expert menU,  and  the  mixture  kept  for  aeveral  houra. 
The  product  was  poured  into  water  and  washed ;  ammonia  aoluUoo 
waa  added,  followed  by  exoesa  of  10  per  cent,  barium  chloride  eolution, 
the  pr%eipiUted  barium  salt  being  removed  after  an  interval  of  one 
hour.  The  add  liberated  by  the  addition  of  hydrochloric  acid  in- 
variably melted  at  133 — 134%  and  was  pure  /9-bromocinoamio  acid. 
The  filtrate  from  the  insoluble  barium  salt  was  also  acidified  with 
hydrochloric  acid,  the  acid  thus  obtained  melted  at  147 — 153°  and  was 
mainly  /3.bromoa//ocinnamic  acid  mixed  with  a  small  amount  of  the 
/3*brono-acid.  The  amount  of  this  admixed  acid  was  estimated  in  one 
or  two  eases.  The  mixture  was  crystallised  from  alcohol,  in  which  the 
/3-bromoa/2(>-acid  is  less  soluble,  until  the  last  fraction  was  no  longer 
pure  o/lo-acid.  The  alcohol  was  removed  from  the  mother  liquor  and 
the  adds  transformed  into  barium  salts,  the  insoluble  barium  salt  was 
,  CoUeeted,  and  the  acid  liberated.  If  necessary,  the  operation  was 
repeated.  In  one  experiment,  0*85  gram  of  pure  ^-bromo-acid  was 
obtained  from  10  grams  of  the  mixture  and  in  another  experiment 
1*1  grams.  As  a  rule,  it  may  be  said  that  the  mixture  contained  about 
10  per  eent.  of  )3-bromo-acid  and  00  per  cent,  of  /3bromoaZ/o-acid. 
Tliete  results  were  confirmed  by  mixing  together  equal  quantities  of 
the  two  /3-acids  and  sepai-ating  by  means  of  the  barium  salts.  A 
mixture  containing  one  gram  of  each  acid  when  separated  in  this  way 
gave  0*9  gram  of  /3-bromo-acid  melting  at  134 — 135%  and  1*1  grams 
of  a  mixture  melting  at  142—149°. 

In  connection  with  the  experiments  on  the  addition  of  hydrogen 
bromide  to  ethyl  phenylpropiolate,  a  method  for  the  estimation  of 
ethyl  /3-bromocinnamate  and  of  the  isomeric  allo-ester  was  necessary. 
We  first  attempted  the  hydrolysis  of  the  esters  by  the  aid  of  alkali 
and  subsequent  separation  of  the  two  ^-acids  by  means  of  their  barium 
salts.  The  results  obtained  proved  that  with  the  ethyl  /3-bromo- 
cinnamate  the  elimination  of  hydrogen  bromide  occurs  more  readily 
than  hydrolysis,  and  the  product  contained  phenylpropiolic  acid 
and  its  ester,  so  that  the  estimation  could  not  be  carried  out  by  the 
separation  of  the  mixed  acid  after  hydrolysis. 

Hydrolysis  with  sulphuric  and  hydrobromic  acids  was  very  slow 
and  resulted  in  the  formation  of  oily,  neutral  substances. 

The  method  ultimately  adopted  was  an  indirect  one  and  was  based 
on  the  fact  that  the  ethyl  )3-bromocinnamate  readily  loses  hydrogen 
bromide  under  the  influence  of  cold  dilute  alkali,  preferably  barium 
hydroxide,  whereas  the  o/^o-ester  is  merely  hydrolysed  and  loses  litUe 
or  no  hydrogen  bromide. 

Test  experiments  carried  out  with  known  weights  of  the  two  est«n 
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proved  that  the  method  is  fairly  accurate  :  1*08  gram  of  ethyl  /3-bromo- 
a/Zocinnamate  and  1*10  gram  of  ethyl  /^-bromocinnamate,  both  pre- 
pared by  the  Fischer-Speyer  method,  were  mixed  and  added  to  a 
nearly  saturated  barium  hydroxide  solution,  two  equivalents  of  alkali 
being  employed  for  each  equivalent  of  ester.  Alcohol  was  added 
until  the  ester  just  dissolved,  and  the  mixture  was  kept  for  20  hours 
at  the  ordinary  temperature.  Care  was  taken  that  the  temperature 
did  not  at  any  time  rise  above  16 — 17".  The  mixture  was  then  just 
acidified  with  nitric  acid  and  the  alcohol  evaporated.  When  cold,  an 
excess  of  nitric  acid  was  added,  the  organic  acids  removed  by  extraction 
with  ether,  and  the  free  hydrobromic  acid  present  in  the  clear  aqueous 
solution,  after  evaporating  off  the  ether,  was  estimated  gravimetrically  ; 
0'838  gram  of  silver  bromide  was  obtained ;  on  the  assumption  that 
all  the  hydrogen  bromide  comes  from  the  /Sbromo-ester  and  none  from 
the  ^-bromoaZ/o-ester,  this  gives  1'136  grams  of  /3-ester  in  place  of  the 
1*1  grams  actually  taken.  In  the  second  experiment,  1-619  grams  of 
/3-ester  and  1*152  grams  of  jS-allo-ester  gave  1*2142  grams  of  silver 
bromide  =1*646  grams  of  /?-bromo-ester. 

The  method  thus  outlined  has  been  employed  for  the  estimation  of 
the  amount  of  /3-bromocinnamate  present  in  mixtures  ;  it  has  been 
used  even  when  ethyl  a-bromocinnamate  was  present,  as  this  does  not 
readily  lose  hydrogen  bromide  in  the  presence  of  cold  dilute  alkali. 


3.  Addition   of  Hydrogen  Bromide  to  Phenylpropiolic 
Acid  under  Varying  Conditions. 

(a.)  Influence  of  Light  and  Temperature. — The  presence  or  absence  of 
sunlight  appears  to  have  but  little  influence  on  the  relative  amounts  of 
)8-bromo-  and  )3-bromo«//o-cinnamic  acids  formed  by  the  union  of 
hydrogen  bromide  with  phenylpropiolic  acid.  The  amount  of  )3-bromo- 
acid  melting  at  134 — 135°  is  very  slightly  reduced  when  the  addition 
is  carried  out  completely  in  the  dark. 

Expt.  1.— Ten  grams  of  finely  divided  phenylpropiolic  acid  were 
gradually  added  to  50  c.c.  of  hydrobromic  acid  (sp.  gr.  1*78)  saturated 
at  0°.  The  mixture  was  kept  at  0°  during  the  addition,  and  was 
afterwards  surrounded  by  ice  for  20  hours  although  exposed  to  fairly 
bright  sunlight.  The  yields  were  5*5  and  9*9  grams  of  ^-bromo-  and 
/S-bromoaZ/o-acids  respectively.* 

A  number  of  similar  experiments  have  been  made  under  slightly 
varying  conditions,  and  the  results  are  given  in  Table  I. 

*  These  are  the  numbers  for  the  pure  acids,  assuming  that  the  mixture  from  the 
soluble  barium  salt  contains  10  per  cent,  of  /9-bromo-acid  and  90  per  cent,  of 
^•bromoa//o*aci(l. 
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Table  I. 


No^oT 
•spt. 

W>ight  ol 
■rUukM. 

• 

Temp. 

nest. 

Sn.  Iff.  of 
hydro- 
brotuio 

Mid. 

Weight 

of 

/^bromo. 

acid. 

Waightof 

il-bronio. 

al/oacid. 

ToUL 

10  gram* 

©• 

L 

1-78  ate 

5  5 

9-9 

15-4 

10    .. 

0 

L 

»» 

5-3 

975 

15  05 

10    .. 

0 

L 

» 

67 

90 

147 

10        M 

10 

L 

5-6 

89 

14-5 

10    .. 

-8 

L 

t 

5-9 

9  0 

14-9 

«    .. 

S5~45 

L 

t 

27 

47 

7-4 

10    „ 

0 

D 

>i 

4i> 

10-25 

1516 

10    .. 

-10 

D 

( 

5  0 

102 

15-2 

9          10    „ 

0 

D 

• 

47 

9  0 

137 

10           10     „ 

0 

D 

•• 

4  6 

9-0 

13  6 

The  theoretical  yield  of  ^-bromo-acid  from  10  grams  of  phenyl- 
propioltc  acid  is  15*54  grams.  The  amounts  of  acids  obtained  in 
experiments  9  and  10  are  low,  owing  to  the  formation  of  a  small 
quantity  of  a  neutral,  oily  substance,  which  was  only  noticed  in 
experiments  conducted  in  the  dark,  and,  even  under  these  conditions, 
in  only  one  or  two  isolated  experiments.  The  amount  obtained  was 
too  small  to  admit  of  purification  and  analysis. 

(6)  It^/lmtnee  qf  Concentration. — No  addition  occurs  unless  the 
hydrobromic  acid  employed  is  sufficiently  concentrated,  for  example, 
experiments  carried  out  at  O'^  with  an  acid  of  sp.  gr.  1*65  gave 
absolutely  no  ^-bromo-acid. 

Provided  the  acid  is  sufficiently  strong  to  admit  of  the  addition 
taking  place,  slight  variations  in  the  concentration  (from  1*71  to  1*78) 
do  not  appreciably  affect  the  relative  amounts  of  the  two  /3-acids 
produced. 

(c)  Injluence  o.  the  Solvent  on  the  Addition. — The  nature  of  the 
medium  in  which  the  phenylpropiolic  acid  is  suspended  or  dissolved 
exerts  a  much  more  marked  influence  on  the  course  of  the  reaction 
than  any  of  the  other  factors  mentioned.  Not  merely  are  the  relative 
amoonts  of  the  two  /3-bromo -acids  affected,  but  the  actual  position 
taken  up  by  the  entrant  bromine  atom  may  be  entirely  altered  by  a 
change  of  solvent. 

The  solvents  we  have  employed  in  addition  to  water  are  alcohol, 
ether,  glacial  acetic  acid,  chloroform,  benzene,  and  carbon  disulphide. 
When  water  or  acetic  acid  is  employed  as  a  solvent,  the  only  produeU 
appear  to  be  )3-bromo-  and  /3-bromoaZ/o-cinnamio  acids,  the  yield  of  /8- 
bromo-acid  being  somewhat  larger  with  the  latter  solvent.  With 
^ther  and  alcohol,  the  two  /3-acids  are  also  foimed  together  with  esters. 
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but  no  a-bromo-acid.  Benzene  and  carbon  disulphide  give  rise  almost 
exclusively  to  a-bromocinnamic  acid  melting  at  131°,  and  in  chloro- 
form solution  a  mixture  of  the  ^-bromo-  and  /S-bromoo/^o-acids  with 
about  40  per  cent,  of  a-bromocinnamic  acid  is  obtained.  It  will  be 
noticed  that  ionising  media  tend  to  favour  the  production  of  the 
p-&c'\d8f  whilst  the  use  of  associating  solvents  leads  to  the  formation 
of  the  a  bromo-acid. 

£xpt.  11. — Five  grams  of  phenylpropiolic  acid  were  added  to  50  c.c. 
of  a  glacial  acetic  acid  solution  of  hydrogen  bromide,  which  was 
obtained  by  saturating  the  solvent  with  the  gas  at  0°,  and  had  a 
sp.  gr.  1*43  at  0°.  The  mixture  was  exposed  to  light  at  0°  for  several 
hours,  then  poured  into  water,  and  the  precipitated  acids  removed  and 
separated  by  means  of  their  barium  salts.  The  total  yield  of  acids 
(4*2  grams  of  y3-bromo-acid  and  2  3  grams  of  ^-bromoa//o-acid)  was 
somewhat  less  than  in  the  previous  experiments  where  aqueous 
solutions  of  hydrogen  bromide  were  employed,  probably  owing  to  the 
solubility  of  these  substances  in  dilute  acetic  acid.  The  numbers 
clearly  show  that  the  yield  of  )9-bromo-acid  is  much  greater  with 
acetic  acid  than  with  water. 

Expt.  12. — Five  grams  of  phenylpropiolic  acid  were  added  to  30  c.c. 
of  benzene  (b.  p.  80 — 85°),  and  a  slow  current  of  dry  hydrogen 
bromide  was  passed  in  for  1 J  hours  at  the  ordinary  temperature  and 
in  diffused  daylight.  The  long,  silky  needles,  which  were  deposited, 
when  washed  with  benzene  and  dried,  had  all  the  characteristic 
properties  of  a-bromocinnamic  acid;  they  melted  at  129 — 130°,  gave 
an  insoluble  barium  salt,  and  the  melting  point  was  not  altered  by 
admixture  with  pure  a-bromo-acid.  Hydrogen  bromide  was  passed 
into  the  benzene  filtrate  for  another  hour,  the  solvent  removed  by 
evaporation,  and  the  residual  acids  separated  by  means  of  their  barium 
salts.  An  additional  1*9  grams  of  a-bromo-acid  were  thus  obtained, 
together  with  003  gram  of  an  acid  having  a  soluble  barium  salt  and 
melting  at  125—130°. 

Several  experiments  conducted  under  conditions  similar  to  those  of 
No.  12  gave  identical  results.  The  acid  from  the  soluble  barium  salt 
proved,  on  examination,  to  be  /?-bromocinnamio  acid. 

£xpL  13. — Five  grams  of  phenylpropiolic  acid  were  dissolved  in  dry 
chloroform,  and  dry  hydrogen  bromide  was  passed  into  the  solution 
in  diffused  daylight  for  6  hours  at  17°.  After  leaving  the  mixture 
overnight  in  a  stoppered  flask,  the  chloroform  was  evaporated  at  the 
ordinary  temperature,  and  the  acids  separated  by  means  of  their 
barium  salts;  5*5  grams  of  a  mixture  of  a-bromo-  and  /3-bromo- 
dnnamio  acids  melting  at  115—120°  were  obtained  together  with 
1'2  grams  of  ^-bromow^-acid  melting  at  159°.  The  mixture  of  a-  and 
^•bromocinQamio  ^ids  was  mij^ed  with  an  exoees  of  moderately  strong 
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iium  n^-uroxuio  ^oimion  aiui  kept  at  the  ordintry  tempenturo  for 
•tTvrml  hovirt.  By  this  meaos,  the  /^-hromo-toid  wae  traoiiforined  into 
pheoylpropiolio  acid,  whiUt  the  a-bromo^cid  waa  unaffeoted,  and  wu 
■tparated  and  pun6ed  by  the  aid  of  ita  barium  mU  ;  2*65  grama  of 
•^bromociniiamic  acid  melting  at  129 — ISO®  were  thus  obtained. 

Mxf^  14. — Five  grams  of  6nely  divided  phony Ipropiolic  acid  were 
•otpMided  in  50  cc.  of  dry  and  freshly  distilled  carbon  disulphide  and 
dry  hydrogen  bromide  passed  in  for  4  J  hour?.  After  2  hours,  all  the 
plienylpropiolic  acid  had  dissolved,  but  cryHtals  afterwards  separated, 
the  flask  being  corked  and  kept  overnight  at  the  ordinary  temperature. 
The  solvent  was  then  removed  and  the  acid  separated  in  the  usual 
manner. 

The  insoluble  barium  salt  gave  7*0  grams  of  pure  a-bromocinnamio 
acid  melting  at  130 — 131°,  and  the  soluble  barium  salt  gave  015  gram 
of  a  mixture  from  which  a  definite  acid  could  not  be  isolated. 

4.  Addition  qf  Hydrogen  Bromide  to  Ethyl  rhenylpropiolat$] 

We  have  already  shown  (this  vol.,  p.  676)  that  the  presence  of 
an  alkyl  radicle  in  place  of  the  hydrogen  atom  of  the  carboxyl  group  in 
cinnamic  acid  dibromide  affects  to  a  remarkable  extent  the  elimination 
of  hydrogen  bromide  from  the  dibromide.  This  led  us  to  undertake 
experiments  in  order  to  determine  whether  the  substitution  of  esters 
of  phenylpropiolic  acid  for  the  free  acid  would  materially  affect  the 
nature  and  relative  amounts  of  the  products  obtained  by  the  addition 
of  hydrogen  bromide. 

The  results  tabulated  on  p.  1162  show  that  the  alkyl  group  exerts  no 
disturbing  influence  on  the  addition,  as  in  all  cases  similar  products 
are  obtained  with  either  the  ester  or  the  free  acid.  In  this  case  also, 
the  chief  factor  appears  to  be  the  solvent. 

The  ethyl  phenylpropiohite,  obtained  by  the  Fiscber-Speyer  method, 
distilled  at  151 — 152"^  under  12—13  mm.  pressure  as  an  almost  colooxw 
lees  oil. 

The  amounts  of  ethyl  /3-bromocinnamate  and  of  ethyl  fihromoaUo' 
cinnamate  were  estimated  in  the  mixed  products  by  the  method  already 
described. 

The  general  method  of  procedure  in  these  experiments  was  ■• 
follows :  ethyl  phenyl propiolate  was  dissolved  in  the  dry  solvent  and 
saturated  with  dry  hydMgen  bromide  at  the  ordinary  temperature. 
The  solution  was  left  for  a  few  hours  in  diffused  daylight,  again 
saturated  with  hydrogen  bromide,  and  left  overnight  in  a  cloaed 
veesel.  After  removing  the  solvent,  the  residue  was  dissolved  in  ether, 
washed  several  times  with  water  until  free  from  hydrogen  bromide, 
then  dried,  and  the  ether  removed.     The  percentage  of  /9-broQio-eat«r 
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Percentages 

of 

No.  of 
expt. 

Weight 

of  ethyl 

phenyl- 

propiolate. 

Solvent. 

Weight  of 

brom  mated 

ester. 

a-Bromo- 
ester. 

i8-Bromo- 
ester. 

/3-Broino- 
alio- 
ester. 

15 

5 

Absolute  alcohol 

713 

0 

66 

44 

16 

5 

a 

7-1 

0 

67 

43 

17 

5 

Dry  ether 

7-2 

0 

62 

38 

18 

6 

a 

7-2 

0 

64 

36 

19 

5 

Chloroform 

72 

20 

60 

20 

20 

5 

7-2 

22-5 

66-5 

22 

21 

5 

Dry  benzene 

7-28 

70 

156 

— 

22 

5 

>i 

7-2 

73 

14 

"^ 

was  estimated  by  taking  a  given  weight  of  the  ester  and  removing 
hydrogen  bromide  by  the  aid  of  barium  hydroxide  in  the  manner 
previously  described. 

The  ethyl  a-bromocinnamate,  when  present,  was  estimated  after 
hydrolysis  by  convert^ion  into  its  insoluble  barium  salt. 

In  experiments  21  and  22  the  acid  obtained  after  hydrolysis  and 
removal  of  the  a-bromc-acid  consisted  of  nearly  pure  phenylpropiolic 
acid  obtained  from  the  /?-bromo-ester,  and  hence  only  very  small 
amounts  of  the  ^-bromoa//o-ester  could  have  been  formed  under  the 
given  conditions. 


5.  Action    of   Alkalis    on    P-Bromo-    and    P-BromoAUo- 
cinnamic   Acids^    and   their   Esters, 

Both  y3-bromo-  and  )8-bromoa//o-cinnamio  acids  and  their  esters  are 
readily  converted  into  phenylpropiolic  acid  when  warmed  with  dilute 
solutions  of  barium,  potassium,  or  sodium  hydroxide,  but  are  not 
attacked  by  sodium  carbonate  solution  or  dilute  ammonia.  Very 
coDcentrated  aqueous  potassium  hydroxide  in  the  cold  also  converts 
the  acids  and  their  esters  into  phenylpropiolic  acid.  When  cold  dilute 
cau&tic  alkalis  are  employed,  a  marked  difference  is  noticed  in  the 
readiness  with  which  the  two  acids  and  also  their  esters  lose  the 
elements  of  hydrogen  bromide,  the  y5-bromo-acid  and  its  esters  being 
much  more  readily  transformed  into  phenylpropiolic  acid  than  the 
isomeric  ^-bromooZ/o-acid  and  its  esters.  This  phenomenon  is  similar 
to  that  previously  noticed  in  the  case  of  the  a-bromocinnamic  acidn. 
In  both  cases,  the  allo-acid,  in  which,  if  we  assume  the  usual  constitu- 
tional formulie  for  these  acidf*,  the  hydrogen  and  bromine  atoms  are 
in   adjacent   positioDP,  lose  hydrogen  bromide  less   readily  than  the 
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«•  and  p-tMBf  in  which  the  h jdrogen  and  bromioe  are  m  far  removed 

from  one  nnoiher  aa  poeaible. 
H*C-Ph  PhC-H  BrCPh  Ph-C-Br 

Br-C-00,H  BrCCOjH  H0CO,U  IICOO.H 

••BrmdosII*-  «-Bromo>  3nromo<i;/o>  /illmmo* 

acid.  ftcid.  acid.  ■clj. 

The  acid  which  is  obtained  when  methyl  )9-bromocinDamate  is  left 
in  contact  with  concentrated  aqueous  potassium  hydroxide  for  several 
days  and  the  mixture  then  acidified  has  been  proved  to  be  phenyl- 
propiolic  and  not  /S-bromocinnamic  acid.  The  acid  described  by  Sad- 
borough  and  Lloyd  (Trans.,  1898,  73,  87)  as  melting  at  133—134*'  is 
undoabtedly  phenyl  propiolic  acid.  When  the  two  isomeric  inelhyl 
esters  are  separately  warmed  with  dilute  aqueous  potassium  hydroxide 
(1  mol.),  it  is  noticed  that  after  the  solutions  have  become  neutral  a 
considerable  amount  of  oily  ester  remains  in  the  case  of  the  ^-bromo- 
ester,  indicating  that  the  alkali  has  been  employed  in  removing 
hydrogen  bromide  and  not  in  hydrolysing  the  esters ;  with  the 
/S-bromoo/Zo-ester,  nearly  all  the  oil  has  disappeared  when  the  solu- 
tion becomes  neutral,  indicating  that  a  considerable  proportion  of  the 
alkali  is  employed  in  hydrolysing  the  ester  and  not  in  removing 
hydrogen  bromide.  In  both  cases,  the  addition  of  a  second  equi- 
valent of  alkali  acid  leads,  on  further  warming,  to  the  production  of 
phenyl  propiolic  acid. 

Similar  results  have  been  obtained  by  the  use  of  barium  hydroxide 
and  dilute  alcoholic  potash  solution. 

The  action  of  aqueous  barium  and  potassium  hydroxides  on  the 
free  /3-bromo-  and  ^-bromoa//o-acids  has  been  studied,  and  the  results, 
which  are  exhibited  in  the  four  following  tables,  clearly  indicate  the 
different  rates  at  which  the  elements  of  hydrogen  bromide  are 
removed  in  the  two  cases. 

The  method  employed  was  to  dissolve  a  known  weight  of  the  acid 
in  the  alkali  (2  erjuivalents)  and  to  titrate  the  excess  of  this  reagent 
at  given  interval}).  With  the  /3-bromo-acid  and  barium  hydroxide, 
the  matter  is  rendered  more  complex  by  the  slight  solubility  of  the 
barium  salt.  In  order  to  make  sure  that  the  whole  of  the  acid  was 
transformed  into  barium  salt,  a  pure  crystallised  specimen  of  this  salt 
was  mixed  with  1  equivalent  of  dilute  barium  hydroxide  solution.  Am 
there  was  always  some  undissolved  salt  present,  the  concentration  of 
this  compound  may  be  considered  as  constant,  and  the  reaction  should 
therefore  be  a  unimolecular  one.  In  all  cases,  the  solutions  were 
kept  in  bottles  at  the  ordinary  temperature  and  protected  from  atmo- 
spheric carbon  dioxide ;  20  c.c.  were  removed  at  given  intervals  and 
titrated  with  standard  hydrochloric  acid. 
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Table  III. 

Barium  )3-bromooinnamate  (5*3  grams)  and  1  equivalent  of  barium 
hydroxide  solution  (about  009  normal). 

Strength  of  acid  used  for  titration,  1  c.c.  =00041 37  gram  of  HCl. 
A  (initial  concentration)  =  15*93  c.c.  of  acid. 


t  (in  hours). 

A-x{in  c.c.  of  acid). 

l/tlogA/A-x. 

2 

15-2 

0-0102 

4 

14-4 

0-0110 

6 

13-7 

0-0109 

24 

9  0 

0-0103 

48 

5-2 

0-0101 

72 

8  06 

0-0100 

Table  IV. 

y3-Biomoa//ocinnamic    acid    (5    grams)    was    dissolved    in    aqueous 
barium  hydroxide  (2  equivalents). 

Strength  of  acid  used  for  titration,  1  c.c.  =0003201  gram  of  HCl. 
A -20-2  c.c.  of  acid. 


/  (in  days). 

A-x. 

X. 

'/'^J-.,- 

1 
2 
8 
4 
6 

19-05 
1830 
17-95 
17-36 
15-52 

1-16 
1-90 
2-25 
2-84 
4*68 

0-00299 
0-00257 
0  00207 
0-00202 
0  00249 

Table  V. 

^•Bromocinnamic  acid  (5  grams)  and   3  equivalents  of  potassium 
hydroxide.     A »  15*8  c.c.  of  acid. 

Strength  of  acid,  1  c.c.  =  0*0040923  gram  of  HCl. 


t  (in  hnurti). 


24 

45 

79 

lii3'5 


A-x. 


6-95 
6-00 
8  70 
800 


8-86 
10-80 

12  10 
12-80 


V< 


AiA-'Z) 


0  00336 
0-00804 
0  00262 
000261 
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Table  VI. 

/^BfomoaZ/ocinmunic  acid  (5  grams)  and  aqneoua  potaAnium  bjdr- 
0]dd«  (S  tqaivaleDto). 

SiTMigUi  of  add,  1  e.c.  -0*0040023  gram  of  HCL 
A  — 15*8o.c«  of  acid. 


I  <ia  houn). 

A-x. 

JC 

"'AA-.y 

U 

15-8 

0-5 

ODOOOMS 

45 

14-« 

0-9 

0-0000849 

79 

14*45 

1-35 

0  0000750 

103  5 

140 

1-8 

0-0000780 

154 

13-41 

2-39 

0-0000782 

S02 

12-73 

3  07 

0  000(»755 

S5i 

1205 

375 

0-0000775 

The  last  two  tables  prove  that  the  yS-bromo-acid   loses  hydrogen 
bromide  about  40  times  as  rapidly  as  the  ^-bromoa^o-acid. 


6.     Rtdueiion    of    P-BromoAllocinnamic    Aeid    and    At- 
lempti  to  prepare  MichaeVa  isoCxnnamie  Acid. 

The  question  of  the  existence  of  a  third  cinnamic  acid  (tMcinnamic 
acid)  is  of  immense  importance  in  its  bearing  on  the  theory  of  un- 
saturated compounds.  So  far,  it  is  the  only  example  of  an  oleBne 
compound  which  has  been  stated  to  exist  in  more  than  two  stereo- 
isomeric  modifications.  Michael,  in  his  first  paper  (/?«r.,  1901,  34, 
36),  claims  to  have  proved  the  existence  of  three  well-defined  cinnamic 
acids.  One  of  the  chief  original  objects  of  this  research  was  the 
preparation  of  t^ocinnamic  acid  and  a  determination  of  some  of  its 
physical  constants,  such  as  its  electrical  conductivity  and  esterifica- 
tion  constant.  The  ordinary  theory  only  accounts  for  two  stereo- 
iaomeric  cinnamic  acids,  in  both  of  which  the  constituent  groups  are 
supposed  to  lie  in  the  same  plane.  The  ctimplest  method  of  accounting 
for  a  third  isomeride  is  to  suppose  that  the  groups  (HyHjPh.COjU) 
do  not  all  lie  in  the  same  plane.  The  result  would  be  the  complete 
asymmetry  of  the  molec^e  and  the  possibility  of  the  resolution  of 
one  of  the  three  cinnamic  acids  into  optically  active  constituents. 

The  more  recent  criticisms  of  Liebermann  (Bar.,  1903,  36^  176) 
and  Michael's  second  communication  {ibid.,  900)  tend  to  show  that 
the  so-called  itocinnamic  acid  is  probably  a  mixture  of  oZ/iocinoamie 
and  hydrocinnamic  acids.     We  have  carried  out  a  number  of  experi- 
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merits,  following  Michael's  directions  as  closely  as  possible,  in  order 
to  prepare  t«ocinnamic  acid.  We  have  used  both  zinc  dust  and  zinc 
filings,  also  absolute  and  05  per  cent,  alcohol.  The  acid  obtained  by 
us,  when  converted  into  the  barium  salt  and  extracted  with  pure 
methyl  alcohol,  gave,  on  acidification  with  hydrochloric  acid,  a  solid 
acid  melting  at  64 — 60°,  and  not  an  oily  acid  which  slowly  solidified 
and  then  melted  at  36 — 38°.  The  acid  melting  at  54 — 60°  gave  an 
almost  theoretical  yield  of  aniline  salt  melting  at  81 — 82°,  and  was 
merely  a//ocinnamic  acid  mixed  with  a  minute  quantity  of  some 
impurity. 

7.     Transformation  of  fi-BromoM-Qcinnamic    Acid   into 
P-Bromocinnaniic  Acid. 

This  transformation  has  been  accomplished  by  the  aid  of  sunlight 
both  in  the  case  of  the  acid  itself  and  of  its  barium  salt. 

Three  grams  of  the  finely  divided  /3-bromoa//o-acid  were  exposed 
between  watch-glasses  to  moderately  bright  sunlight  for  10  weeks.  It 
was  noticed  that  even  after  a  few  days  the  melting  point  was  no  longer 
sharp,  at  the  end  of  the  10  weeks  it  began  to  melt  at  124°,  and  was 
completely  fused  at  147°.  0*37  gram  of  pure  j8-bromocinnamic  acid 
was  separated  by  the  aid  of  its  sparingly  soluble  barium  salt. 

Similar  results  were  obtained  by  exposing  a  solution  of  barium 
/3-bromoa//ocinnamate  to  sunlight.  In  the  course  of  2  or  3  days, 
crystals  of  the  isomeric,  sparingly  soluble  salt  began  to  separate,  and 
after  6  weeks,  0*2  gram  of  pure  )8-bromo-acid  was  obtained  from  1  gram 
of  the  allo-acid. 

8.     Summary. 

The  more  important  conclusions  to  be  drawn  from  the  experimental 
work  described  in  this  paper  are  : 

1.  Small  amounts  of  /3-bromoa^ocinnamic  acid  are  formed,  in 
addition  to  the  two  a-bromocinnamic  acids,  by  the  action  of  alkali  on 
cinnamic  acid  dibromide. 

2.  The  p-hromoallo-Ac'id  is  nob  produced  when  an  ester  is  substituted 
for  the  free  cinnamic  acid  dibromide. 

3.  /3-Bromo-  and  /3-bromoa//o-cinnamic  acids  cannot  be  completely 
separated  by  the  aid  of  their  barium  salts,  although  this  appears  to 
be  the  simplest  method  of  determining  the  amount  of  each  io  a  mixture 
of  the  two. 

4.  The  relative  amounts  of  j3-bromo>  and  )8-bromoa//o-cinnamio  acids 
obtained  by  the  addition  of  hydrogen  bromide  in  aqueous  solution  are 
only  slightly  affected  by  (a)  light,  (6)  temperature,  (c)  concentration  of 
the  hydrobromic  acid. 
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5.  The  subtiiiiQtioii  of  other  tolvenU  in  pUoe  of  water  maj  not  onl/ 
effect  the  reUtiTe  amounts  of  the  two  /3  edcU  prodnoed,  ma,  for  esemple, 
with  giedal  aoetio  acid,  but  may,  aa  in  the  caee  of  beniene  and  carban 
disulphide,  entirely  alter  the  nature  of  the  produote,  producing  an 
«•  in  place  of  a  /3-brominated  acid. 

6.  Bthjl  phenylpropiolate  behaves  very  similarly  to  the  acid  iteelf. 

7.  l}'nder  the  influence  of  alkalis,  /S-bromocinnamic  acid  and  ite 
Mlevi  lose  hydrogen  bromide  much  more  rapidly  than  the  /3*bromo- 
olfe^ietd  and  its  esters.  When  cold  potassium  hydroxide  acts  on  the 
acids,  the  ratee  of  change  are  in  the  ratio  of  40  : 1. 

8.  Both  acids  lose  hydrogen  bromide  more  readily  than  the  a-bromo- 
einnamic  acids. 

9.  Under  the  influence  of  sunlight,  /3-bromoa//ociDnamic  acid  and  its 
barium  salt  are  partially  transformed  into  the  isomeric  /3-acid  and  its 
barium  salt  respectively. 

10.  An  almost  theoretical  yield  of  o/Zocinnamic  acid  may  be  obtained 
by  the  reduction  of  /S-bromoa/ZocinDamic  acid  with  zinc  and  alcohol. 
Even  when  95  per  cent,  alcohol  is  employed,  no  wocinnamic  acid  appears 
to  be  formed. 

We  beg  to  tender  our  thanks  to  the  Kesearch  Fund  Committee  of 
the  Chemical  Society  for  the  grants  which  have  largely  met  the 
expenses  incurred  in  this  investigation,  and  also  in  that  previously 
carried  out  on  the  a-bromocinnamic  acids. 

Chemical  Dkpartmknt, 

Ukivk&sitt  Collkob  op  Walks, 
Abbrtstwtth. 

[Since  the  above  paper  was  written,  my  attention  has  been  drawn  to  a  eommttoi- 
cation  by  K.  Erlenmeyer,  jan.  {Ber.,  1903,  36,  2340),  iu  which  it  is  stated  that  the 
existence  of  three,  or  eren  foar,  distinct  cinnamic  acids  is  explicable,  on  the  assumi»> 
tion  that  in  only  two  of  them  are  all  the  radicles  in  the  same  plane. 

It  is  anggwted  that  allociauAmie  acid  and  3-bromocinnamic  acid  may  be  reMlvabla 
into  optically  active  constituents. 

The  experimental  work  contained  in  the  abore,  and  also  in  a  preTiooscommanica* 
tiou  (this  vol.,  p.  666),  was  commenced  by  Mr.  Thompson  in  December,  1901,  with 
the  object  of  preparing  large  quantities  of  the  oi/o-acid  and  Michael's  Mociniiamtc 
add  in  order  to  determine  whether  either  could  be  resolved  by  active  baaaa.  A  Cim- 
siderable  amount  of  theo/Zo-acid  has  been  oWtained,  bat,  as  stated  above,  no  mo  acid. 
In  view  of  the  investigations  of  Michael  and  Liebermann,  the  existence  of  a  third  add 
is  very  questionable,  and  hence  the  possibility  of  the  resolution  of  one  of  the  two 
known  adds  does  not  appear^robable.  I  hope,  however,  shortly  to  attempt  to 
resolve  the  ol^add  and  also  the  a-  and  /ibromoa/Axrinnsmic  adds,  which  are 
stated  by  some  authorities  to  yield  an  isocinnamic  add  on  reduction. — J.  J.  8.] 


1168  PERMAIf:  VAPOUR   PRESSURE  OF 


CXV. —  Vapour  Pressure  of  Aqueous  Ammonia  Solution. 

Part    II. 
By  Edoae  Philip  Perman. 

In  a  former  paper  (Trans.,  1901,  79,  718),  I  have  published  the  results 
of  the  determination  of  the  vapour  pressure  of  aqueous  ammonia 
solution  for  various  temperatures  and  concentrations.  For  the  sake 
of  reference  and  for  comparison  with  the  results  obtained  by  another 
method,  these  data  have  been  further  elaborated.  The  values  of  the 
vapour  pressure  for  percentage  concentrations  of  2*5,  5*0,  <kc.,  were 
read  off  from  the  original  isothermal  curves,  and  the  values  for  each 
concentration  were  then  plotted  against  temperature,  giving  a  series  of 
curves  which  I  suggested  (Trans.,  1902,  81,  483)  should  be  called 
"isosthens,"  or  lines  showing  the  relation  between  pressure  and 
temperature  for  solutions  of  equal  concentration.  These  curves  were 
continuous,  and  were  drawn  without  difficulty  with  the  help  of  a  set 
of  curved  rulers,  or  in  some  cases  with  a  thin  steel  strip  kept  in 
position  by  a  series  of  projecting  brass  rods,  which  could  be  screwed 
to  a  brass  framework. 

These  curves  may,  without  appreciable  error,  be  considered  as  being 
straight  for  a  variation  in  temperature  of  not  more  than  2°.  The 
values  of  vapour  pressure  have  therefore  been  read,  off  at  intervals  of 
2°,  and  are  arranged  in  the  table  on  p.  1169. 

The  horizontal  columns  give  the  isothermals,  and  the  vertical 
columns  the  isosthens.  The  values  for  intermediate  temperatures  or 
concentrations  can  be  deduced  without  serious  error  by  taking  pro* 
portional  parts  ;  if  greater  accuracy  is  required,  the  curves  can  be 
constructed  from  the  tabulated  numbers.  The  pressures  are  given 
to  the  nearest  half  millimetre,  which  is  about  the  limit  of  accuracy 
attained  in  the  measurements. 

The  Partial  Vapour  Pressures  of  Aqueous  Ammonia  Solution, 

Id  order  to  measure  the  partial  pressures  of  the  ammonia  and  the 
water  vapour  given  off  by  an  aqueous  ammonia  solution,  it  was  neces- 
sary to  devise  some  method  of  estimating  the  quantity  of  each  con- 
stituent in  the  vapour  thus  evolved  ;  the  method  which  seemed  to  me 
the  most  promising  was  to  aspirate  a  current  of  air  through  the 
solution  and  then  through  suitable  absorbents.  Before  adopting  this 
process,  I  made  some  preliminary  experiments  on  pure  water,  which 
showed  that  the  vapour  pressure  of  water  could  in  this  way  be  found 
with  great  accuracy.  I  have  since  made  further  experiments  up  to 
90''  with  a  similar  result  (Proe.  Roy.  Soc.,  1903,  72,  72). 
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114 

144 

M 

tft 

4«t 

06 

04 

110 

180 

tt 

ir§ 

61-4 

74 

104-ft 

ISO 

178 

n 

tit 

fttt 

t3 

114 

148-4 

H.8-4 

St 

ttt 

•f-4 

ot 

il7 

14S-4 

211-4 

•4 

4§ 

a* 

lOi 

140 

184 

ltS-6 

tt 

44*ft 

74 

111 

lM-4 

so< 

184 

tt 

4tt 

tS-ft 

lH-ft 

1474 

Xll 

178-ft 

4t 

iS 

91 

1S4  4 

Its 

241 

80S-6 

4t 

•1-ft 

100 

U7-4 

109 

tot 

850 

44 

«8 

110 

101 

llO-ft 

ISO 

848 

4« 

TS-4 

ito 

174-4 

ttO 

tio 

SS8 

49 

tt-ft 

1st 

101 

147-4 

830 

410 

49 

tt-ft 

14< 

110 

Itl 

aos-4 

444 

&t 

Itt 

>«1 

t» 

tot 

soft 

401 -4 

M 

Utt 

m 

tftl 

ttl 

417-4 

480-4 

4« 

mt 

IM-ft 

174 

SOb-S 

401-4 

472 

4t 

itt 

tit-ft 

too 

901 

408-4 

017-6 

«0 

I4tt 

St4 

317 

425 

4S» 

006 

^i 

ItS-ft 

tS&ft 

344 

400 

482 

717 

1 

47 


72-4 
80 

to 

00 

110*4 

lis 

136-4 

141 

ltf7-4 

lsft-4 

204 

lit 

144 

M7-4 

101 

318 

847-4 

377-4 

410 

444 

481 

421*4 

464 

609 

666 

706 

749 

816*4 

878-4 


Tft 

80 

86-ft 

94'ft 
104*ft 
lift 
117 
140*4 
146 
178 
191 
210 
2314 
244  4 
179 
804-4 
lt88-4 
861*4 
8W4 
429-4 
464  4 
404 
444 
488 
084-4 
684-4 
787*4 
79i*4 
8^.2  4 
917 
984 
lOCl 


08 

117 

144*4 

IM 

101 

126*i 

l.'.8'4 

IV^ 

no 

187  4 

174 

116 

120 

140 

190 

280 

:    181*4 

164*4 

107 

247  4 

144 

180*4 

116*4 

ito 

149 

199 

148*4 

800 

176 

219 

rs 

884-4 

194*4 

241 

190-4 

807 

214*4 

1^4 

tl0*4 

401 

287 

291 

too 

440 

260*4 

319 

394*:. 

481 

280 

849 

4324 

417 

818 

382 

4-2 

474-4 

841 

417 

414*i 

026 

878 

4.'..V5 

.'.61 

p8n 

407*4 

41*7 

60jr6 

7.'t8 

444*4 

..40 

rSO 

800 

483*. 

487 

714 

^84-ft 

42.'.  4 

«:t7 

771 

931 

460*4 

090 

830*4 

1007 

617 

74ft 

894 

1081 

666 

804 

962 

11*7 

7194 

806*5 

10S4 

1284 

no 

038 

nil 

884-4 

100& 

1194 

— 

897 

1080 

__ 

_ 

968 

1140 



• 

1083 

1242 

_ 

— 

1109 

IS85 



__ 

ni»i 

U3-i 

_ 

— 

i*i:9 

— 

— 

— 

301 

tit 


t77t 
412 


491 
487 


OOtt 
;ft4 


102T 
110ft 
1180 
1170 
1807 
1400 


As  the  method  proved  satisfactory  for  water,  I  employed  it  for  the 
ammonia  solution  ;  in  order  to  estimate  both  the  ammonia  and  the 
water,  the  mixture  of  air,  ammonia,  and  water  vapour  was  made  to 
pMB  through  dilute  sulphuric  acid  of  measured  volume  and  ttrength, 
and  then  through  strong  sulphuric  acid  ;  the  total  increase  in  weight 
gave  the  weight  of  ammonia  and  water  carried  off  by  the  air  current ; 
ik§  weight  of  ammonia  was  found  by  titration,  that  of  the  water  being 
obtained  by  difference. 

I  have  already  shown  that  the  air  passing  through  the  solution 
takes  np  the  ammonia  and  water  vapour,  and  becomes  aatorated  with 
great  rapidity,  also  that  the  ammonia  is  very  rapidly  absorbed  by  the 
dilute  add  solution.  The  air  current  was  always  slower  than  0*1  litre 
per  minute,  and  considerablji  less  than  this  with  the  more  concentrated 
solutions.  The  experiments  were  therefore  of  a  tedious  nature,  but 
the  method  adopted  was,  in  my  opinion,  the  only  one  practicable. 

Apparaitu. — The  apparatus  employed  was  nearly  the  same  as  that 
used  in  my  experiments  {loc,  eU.)  on  the  vapour  preasiire  of  wat«r, 
the  chief  difference   being  the  introduction  of  a  aeoood  absorption 
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apparatus  for  the  ammonia.  This  vessel  was  similar  to  the  one  used  for 
the  absorption  of  the  water,  but  was  larger,  the  capacity  of  the  bulbs 
being  about  100  c.c.  and  20  c.c.  respectively;  it  was  placed  between 
the  flasks  containing  the  ammonia  solution  and  the  absorption-bulbs 
for  the  water.  There  were  only  two  other  essential  differences :  (1) 
the  last  flask,  containing  the  ammonia  solution,  could  be  detached  from 
the  rest,  so  that  the  strength  of  the  solution  in  it  might  be  estimated ; 
(2)  the  air  was  freed  from  carbon  dioxide,  before  passing  into  the 
ammonia  solution,  by  means  of  a  tube  of  soda-lime. 

Method  of  Work. — In  general,  the  procedure  was  the  same  as  in  the 
experiments  on  water,  but  in  this  case  the  operation  included  the 
titration  of  the  dilute  acid  or  ammonia  in  the  absorption  flasks. 

It  was  necessary  to  find  what  pressure  was  required  to  drive  the 
air  through  the  whole  apparatus'  without  neutralising  any  of  the  acid. 
This  was  eflcected  by  ascertaining  the  pressures  necessary  to  drive  the 
air  (1)  through  the  ammonia  solution  alone,  and  (2)  through  the  acid 
solution  and  the  rest  of  the  apparatus ;  the  sum  of  the  two  pres- 
sures was  the  amount  required,  and  the  gauge  {Proc.  Roy.  Soc., 
ibid.f  Fig.  1)  was  adjusted  to  this  pressure  before  beginning  the 
experiment. 

The  strength  of  the  ammonia  solution  in  the  last  flask  did  not 
usually  change  appreciably  during  the  experiment,  the  maximum 
alteration  being  only  about  1  per  cent.,  but  in  every  experiment  the 
strength  was  found  before  and  after  aspiration,  and  the  mean  taken  of 
the  two  determinations.  From  2  to  10  c.c.  were  withdrawn  by  carefully 
standardised  pipettes,  run  into  an  excess  of  ^standard  acid,  and  titrated 
with  standard  caustic  soda  solution,  the  temperature  being  main- 
tained at  15°.  The  percentage  strength  was  calculated  from  Lunge  and 
Wiernik's  data  (Landolt  and  Biirnstein's  TabelUn^  221).  The  neutralisa- 
tion of  the  acid  in  the  absorption  flask  was  shown  by  some  methyl 
orange  present,  and  the  aspiration  was  not  allowed  to  continue  long 
after  this  point  was  reached.  Acid  solutions  of  various  strengths  had  to 
be  used  to  suit  the  varying  concentration  of  the  ammonia  solution  and 
the  different  amounts  of  ammonia  solution  withdrawn  ;  these  were 
standardised  by  means  of  sodium  carbonate,  and  also  with  ammonium 
chloride  and  a  caustic  soda  solution. 

A  series  of  experiments  was  always  begun  with  a  strong  solution, 
and  the  remaining  solution  was  diluted  down  for  the  succeeding 
ex()eriment.  The  ammonia  solution  employed  was  obtained  by  distilling 
the  pure  concentrated  solution  with  barium  hydroxide,  and  passing 
the  gas  evolved  through  barium  hydroxide  solution  and  into  distilled 
water ;  in  this  way,  it  was  obtained  so  free  from  carbon  dioxide  that  it 
gave,  in  the  worst  oases,  only  a  very  slight  turbidity  with  barium  chloride. 
▲  trace  of  some  of  the  amines  was  probably  present,  but  this  has 
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bMo  thown  Dot  to  affect  appreciably  the  Tapour  prteamre  of  the  eolutloii 
(Tnu)a.»  1901,79.731). 

ExperimenU  were  made  at  every  10°  from  0^  to  60°.  Unfortunately, 
the  method  ie  not  appUoable  over  a  very  wide  range  of  temperatore  or 
with  very  varying  concentrations  of  the  solution,  for  when  the  vapour 
preface  becomes  nearly  equal  to  the  atmospheric  pressure,  a  very 
little  air  will  draw  off  a  very  large  quantity  of  vapour,  and,  moreover, 
the  evaporation  of  the  ammonia  becomes  so  rapid  that  it  is  impossible 
to  keep  the  temperature  constant. 

CmleulaHcn  qf  Results, — ^The  measurements  already  described, 
together  with  that  of    the   barometric  height,  afford  the  following 

ic«  s  weight  of  ammonia  withdrawn. 

•»•■         tt        water  vapour       „  (by  difference). 

P  i«  pressure  in  last  aspiration  flask. 

P"*  pressure  of  air  in  aspirator  (corrected  for  the  vapour  pressure 

of  water). 
7**  absolute  temperature  of  aspirator. 
r»  volume  of  water  drawn  from  aspirator. 

Assuming  the  truth  of  Dalton's  law  of  partial  pressures,  the 
following  relationship  holds  good  : 

pressure  of  ammonia  volume  of  ammonia 

total  pressure  total  volume    ' 

which  works  out  to  the  following  expression  (putting  p^  and  p^  «■  partial 
pressures  of  ammonia  and  water  vapour  respectively) : 

w.  X  1-312  X  760  xPxr 


''•'"rx760(tr.xl-312  +  tr.xl-242)  +  273xKx/»' 
and  similarly  for  the  water  vapour : 

IT,  X  1-242  X  760  x/'xT 

''•"rx76O(tr.xl-242  +  i0.xl-312)  +  273x  Vxp 

At  0°  and  under  760  mm.  pressure,  the  specific  volume  of  ammonia 
is  assumed  to  be  1*312,  whilst  that  of  water  vapour  is  Uken  as  1*242. 
These  values  are  calculated  from  the  density  of  oxygen  and  the  molecuUr 
weights  of  the  gases.  I  have  shown  that  this  assumption  of  normal 
density  is  justifiable  in  the  case  of  water  vapour  {Froo,  Roy,  Soc.,  1903, 
72,  80),  but  there  is  some  doubt  as  to  whether  this  is  the  case  with 
ammonia.*     Le  Due  found  that  the  density  of  ammonia  at  O^and 

•  The  yalae  given  is  0-5971  (air  =1)  {Compl.  raid.,  1897.  126,  578).  Thii  gives 
the  specific  volume  as  1  *295  instead  of  1  -312,  the  nnmber  sniployed  above. 

4  K  2 
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760  mm.  was  more  than  1  per  cent,  above  the  normal  value, 
but  when  mixed  with  large  quantities  of  air  and  water  vapour,  the 
density  will  probably  be  more  nearly  normal,  assuming  that  no 
chemical  action  takes  place.  In  the  absence  of  exact  data  on  this 
point,  it  was  thought  best  to  calculate  the  results  on  the  assumption 
that  the  density  was  normal  throughout,  especially  as  the  deviation 


Fio.  1. 


20  2r. 

percent  NH, 


from  normal  value  can  hardly  be  more  than  the  probable  experimental 
error  of  these  results. 

Ruults  obtained. — The  actual  experimental  results  are  shown  io  the 
Ubleonp.  1173. 

From  these  results,  a  series  of  isothermal  curves  was  plotted,  Fig.  1 
for  ammonia,  and  Fig.  2  (p.  1176}  for  water  vapour,  and  from  them  the 
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Temprnture. 

Perc«nUKo  of 

rartial  prraaura  of 

TartUI  pmcart  of 

aniMonia. 

animonU  (p,). 

wiur  Vftpoor  (^ 

^)- 

4*72 

11-4  mm. 

6*1  mm. 

915 

24-8    ,. 

88    .. 

14-73 

51*8    .. 

4  1    .. 

19*82 

826    .. 

8D       M 

22*90 

1186    „ 

28    .. 

10* 

4*18 

16  5    „ 

9*1    .. 

8-26 

87-2    „ 

8*8     .. 

12*82 

64-2     „ 

7-6    .. 

15*88 

951     „ 

70    .. 

20*54 

149-2     „ 

7-2    .. 

21-83 

169-8     „ 

6-5    .. 

!»••• 

418 

27-4     „ 

16-4     ,, 

6-50 

45-8     „ 

101      „ 

6-55 

460    „ 

160     „ 

7-72 

56-2     „ 

15-6     „ 

1015 

80-6    „ 

15-1     ,. 

10*75 

86-3     „ 

147     „ 

16-64 

166-1     .. 

12-9     „ 

19-40 

215-6     „ 

12-3     ,. 

23-37 

802-4     „ 

10-3     ,. 

•0<W 

3-93 

41-2     „ 

311     „ 

7-48 

86-3     „ 

29-2     ,. 

9-75 

120  0     ,. 

28-5     „ 

1277 

1750     ,. 

266     ., 

17-76 

290-2     „ 

24  8     .. 

17-84 

291-1     ,. 

24-3     „ 

21*47 

404  6     „ 

22*1     „ 

40* 

3-79 

611     „ 

53*5    .. 

7-36 

1330     ,. 

507    .. 

11-06 

218-5     „ 

49-1     „ 

15-55 

858-6    „ 

44-1     „ 

17-33 

427-7     „ 

20-85 

5761     .. 

87*8    „ 

W 

8*29 

791     „ 

89-6    .. 

5-90 

151-3     ,. 

87-1     .. 

8  91 

2466    „ 

830    „ 

11-57 

841-7     „ 

80-6    ., 

14-15 

451-4    „ 

77-0    „ 

14-94 

487-1     ,. 

75-2    „ 

60* 

S-86 

1369    .. 

1441    ,. 

5*77 

216-9    „ 

— 

7«6 

300-4     „ 

138-5    .. 

9*87 

875-7    .. 

135-5    „ 

11*31 

475-8    .. 

180-4    ,. 
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pressures  were  read  for  concentrations  of  2  5,  5'0,  <fec.,  per  cent,  of 
ammonia.  The  **  isosthens  "  were  then  constructed  from  the  numbers 
obtained ;  but  it  has  not  been  thought  necessary  to  reproduce  them. 
These  curves,  which  wore  drawn  directly  without  smoothing  through 
the  points  from  the  isothermals,  may  be  regarded  as  being  straight 
lines  over  intervals  of  2°,  and  the  values  have  been  read  off  and 
tabulated,  both  for  ammonia  and  water  vapour.  The  following  table 
furnishes  the  isothermals  when  read  horizontally  and  the  isosthens 
when  read  vertically  ;  intermediate  values  may  be  found  with  fair 
accuracy  by  taking  proportional  parts. 

Percentage  oj  Ammonia. 


Temp. 


2-6 


0  7-5         10-0        12-5        150        17-5        20-0        225 


Partial  pressure  of  ammonia  in  mm. 


0" 

6 

13 

20 

28-5 

40 

53-5 

69 

87-5 

111 

2 

6-6 

14-5 

22 

31-5 

43-5 

58-5 

76 

97 

123 

4 

7 

16 

24 

34-5 

48 

64-5 

83-5 

107 

135-6 

6 

7-5 

16-5 

26-5 

38 

53 

71 

92 

118 

149 

8 

8 

18 

29-5 

42-6 

58-5 

78 

102 

130 

163-5 

10 

9 

20 

32-5 

47-5 

65 

86-5 

112 

143 

179-5 

12 

10 

22 

36 

52 

71-5 

95-5 

123-5 

157-5 

196-5 

14 

11 

24-5 

40 

58 

79 

105 

136 

173 

215-5 

16 

12-5 

27 

44-5 

64 

87-5 

115-5 

150 

190 

236 

18 

14 

30 

49 

71 

97 

127-5 

165 

208-6 

258-6 

20 

15-6 

33-5 

54 

78-5 

107 

141 

181 

228-6 

283 

22 

17 

37 

59-5 

86-5 

117 

155 

198 

250 

309 

24 

18-6 

40-6 

65-5 

95 

128 

170 

217 

273 

887 

26 

20-6 

44-5 

72 

104 

141 

186 

236-6 

298 

368 

28 

22-6 

49 

78-5 

114 

154-S 

202-5 

258 

824-6 

403 

80 

25 

54 

86 

124-5 

169 

220 

281 

868 

441-5 

82 

27-6 

68-5 

94 

186 

184-5 

241 

806 

382-6 

_ 

84 

80 

64 

108 

149 

201 

263 

834 

416 

— 

86 

82-6 

70 

112-5 

162 

219 

286-5 

363 

461 

__ 

88 

35 

76-5 

122-5 

176 

238 

311 

895 

491 



40 

88 

83-5 

184 

191 

258-6 

836 

429 

686 

— 

42 

42 

91 

145-5 

208 

280 

368-5 

466 

.__ 

_ 

44 

46 

99 

168 

225-6 

802-6 

892-5 



_ 

46 

60 

107-5 

172 

244 

327 

422-5 





— 

48 

64*5 

116-6 

186 

263 

852 

455-6 



__ 



60 

69 

126 

200-6 

284-5 

880 

491-5 

__. 

_ 



62 

64 

136 

217 

806 

__ 



_ 

_ 

64 

69-5 

147 

283  6 

329 



__ 

_ 





66 

76 

168*6 

261 

864 

__ 

__ 

_ 

__ 

__ 

68 

80 

170-6 

270 

880 

_« 

,^ 

__ 

__ 



60 

86-6 

183 

291 

406*5 

— 

— 

"— 

— • 

— "■ 
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P§re§ntag€  ^  Amm&nia, 


TMip^ 


rs 


6-0       7-6 


10*0 


ia-5 


15-0     17-5 


P&rtUI  proMara  of  water  Taponr  in  mm. 


0* 

4-5 

4-5 

4 

4 

4 

8-5 

8-5 

8-5 

8 

8 

8 

5  5 

5 

5 

5 

4-5 

4 

4 

4 

8*5 

8*5 

4 

8 

8 

8 

5*5 

5 

4-5 

4*5 

4*5 

4 

4 

0 

7 

7 

7 

6-5 

6 

5-5 

5-5 

5*5 

4*5 

4*8 

8 

8 

8 

8 

7-5 

7 

6-5 

6*5 

6  5 

6-5 

6 

10 

0 

9 

9 

8-5 

8 

7-5 

7-5 

7*5 

8-5 

8 

IS 

105 

10-5 

10 

9-5 

9 

8-5 

8-5 

8-5 

7-5 

7 

14 

19 

12 

11-5 

11 

10*5 

10 

9*5 

9-5 

8-5 

8 

16 

18*5 

13-5 

13 

12 

12 

11-5 

11 

11 

10 

9 

18 

15-5 

15 

14-5 

14 

13  5 

13 

12*5 

12-5 

11-5 

10 

90 

175 

17 

18*5 

15-5 

15 

14-5 

14 

14 

13 

11-5 

2i 

90 

10 

18-5 

17-5 

17 

16-5 

16 

16 

14-5 

18 

94 

22*5 

21*5 

21 

20 

19*5 

18*5 

18 

18 

16-5 

14*5 

90 

95 

24 

23-5 

22 

21-5 

-21 

20-5 

20 

18-5 

16*5 

98 

28*5 

27 

26-5 

25 

24-5 

23-5 

23 

22 

20-5 

18*5 

SO 

81*5 

30-5 

30 

28-5 

28 

26-5 

25-5 

24  5 

23 

20-5 

89 

85-5 

34  5 

34 

3-2-5 

31-5 

80 

28-5 

27-5 

26 

28 

84 

40 

38*5 

38 

36-5 

35-5 

33-5 

32 

31 

29 

26 

88 

44*5 

48 

42*5 

41 

39  5 

37-5 

86 

34  5 

32 

29 

88 

49*5 

48 

47  5 

46 

44-5 

42*5 

40-5 

38 

35-5 

32 

40 

55 

54 

58 

51-5 

49-5 

47-5 

45 

42-5 

89-5 

88 

49 

81*5 

60 

58*5 

57 

55 

63 

50-5 

47 

43-5 

44 

6S 

66-5 

85 

63-5 

61*5 

59 

56 

_^ 

48 

75-5 

73-5 

71-5 

70 

68 

65 

62 

— 



«„ 

48 

83*5 

81*5 

79 

77-5 

75-5 

7-2 

68-5 

— 

— 

_ 

50 

92-5 

90 

87*5 

85-5 

82-5 

79-5 

755 

__ 

_ 

__ 

52 

102 

99   1 

96-5 

94 

91 

87-5 

83 





_ 

54 

1125 

109 

107 

103-5 

100*5 

96 

— 

— 



.. 

58 

123-5 

120 

118 

114-5 

111 

106 

^ 

__ 

__ 

_ 

58 

188 

132-5 

130 

126-5 

122 

117 







_ 

80 

149*5 

146-5 

143 

139 

184 

128*5 

— 

— 

— 

— 

Rdation  belween  the  Partial  Pressures  and  dmesnlrcUian. — As  I 
pointed  out  in  a  former  paper  (Trans.,  1901,  79,  724),  an  aqueous 
solution  of  ammonia  may  be  regarded  as  a  mixture  of  two  liquids, 
the  boiling  points  of  which  are  far  removed  from  each  other,  and  the 
▼apour  pressures  should  therefore  follow  the  laws  of  vapour  pressure 
of  mixed  liquids  as  worked  out  bj  Duhem,  llargules,  and  others. 
Excellent  accounts  of  the  subject  are  given  by  2«awidski  {ZsU. 
physikal.  Chem.,  1900,  35,^157)  and  by  Ostwald  in  his  Lehrbuch  <Ur 
aUgemeinen  CKemis  (2nd  edition,  vol.  ii,  p.  636).  The  relation  between 
the  partial  pressures  and  the  concentration  of  the  solution,  deduced 
from  tbermodynamical  considerations,  ia 

d  log  y,    ^        d\ogp^     ^ 
d\o%x  d  log  (1  — «)  ' 
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or 


where 


p^  =s  partial  pressure  of  one  constituent  (say  ammonia), 
;;2  =  „  „      the  other  „        (water), 

no.  of  molecules  of  ammonia  in  the  liquid  mixture. 
Total  no.  of  molecules. 


This  equation  can  only  be  integrated  by  making  certain  arbitrary 
assumptions  as  to  the  relation  between  the  partial  pressure  of  one 


Fig.  2. 


mm. 
150 


100 


20  25 

per  cent  NH, 


constituent  and  the  vapour  pressure  of  the  pure  liquid.  It  has  been 
thought  best,  therefore,  to  test  the  difTerential  equation  as  it  stands. 
The  values  of  c//>|  have  been  obtained  from  the  table  already  given,  the 
average  of  two  differences,  each  over  a  variation  of  concentration  of 
2*6  per  cent.,  being  taken. 

YalueA  of  djt^  are  very  difficult  to  obtain  with  any  accuracy  owing 
to  their  small  magnitude. 

The  curves  at  0°  and  10°  are  straight,  and  therefore  'c/p,  has  a 
uniform  value,  which  has  been  calculated  directly  from  the  first  and 
last  readings  of  p,. 
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Ai  ihe  higher  tomptrAturM,  the  valaet  have  been  foaod  bj  dniwing 
iMiftiite  bj  eye ;  this  method  is  cmpeble  of  oonsiderable  eoeonusy,  m 
wme  thown  in  a  previout  paper  (Trans.,  190l»  70,  723).  The  resulU 
are  now  tabulated : 


Temp. 

«. 

1-x. 

;'i- 

1 
Pr 

rfft. 

^ 

fe 

«• 

0-0527 
01050 
01571 
0-20SS 

0-047S 
0-8050 
0-8429 
0-7012 

IS 
28-5 
63-5 
87-5 

4-0 
4  0 
8-6 
8-0 

7 
10 
14-5 
21 

019 

0-19 
019 
0-19 

58-4 

607 

82  0 

110-6 

88-8 

62  0 

76-8 

110-6 

10- 

0-0527 
0  1050 
0-1671 
0-2088 

0-9473 
0-8950 
0-8429 
0-7912 

20 
47-5 
88 '6 
143 

0 
8 

7-5 
6-5 

11-75 
16-2 
23-5 
33-75 

0-875 
0-376 
0375 
0-375 

89-9 

6U-6 
61-9 
83-4 

81-8 
48-2 
62-7 
90  0 

20* 

00527 
01050 
0-1571 
0-2088 

0-9473 
0-8950 
0-8429 
0-7912 

33-5 

78-5 
141 
228-5 

16-5 
15 
14 
13 

19-25 
26-5 
37 
51 

0-60 
0-60 
0-825 
0-8-25 

86-5 
44-6 
54-0 
66-6 

82-1 
44*2 
44  9 
61-8 

SO* 

0-0527 
0-11150 
0-1671 
0-208S 

0-9473 
0-8950 
0-8429 
0-7912 

64 

124-5 

220 

353 

30 
28 
25-5 
23 

30-5 
41-5 
56  0 
80-2 

0-975 
11 
1-2 
1-3 

82-4 
87-9 
463 
68-2 

81-8 
87-7 
46-7 
81-7 

40- 

00527 
01050 
01571 

0-9478 
0-8950 
0-8429 

83-5 
191 
336 

53 

49-5 

45 

480 
62-2 
85-2 

1-84 
1-85 
2-44 

28-3 
82  9 
401 

85-8 
88-8 
84-9 

60* 

0-0527 
01050 

0-9473 
0-8950 

126 
284-5 

87-6 
82-5 

70-7 
89-7 

2-82 
2-98 

26-7 
29-4 

80-6 
801 

W 

0-0527 

0-9473 

183 

143 

102  7 

8-76 

230 

27  8 

The  agreement  between  the  values  of  -f-^  and 


dp^ 


El,  *_I5  isascloee 
dp^  Pi      f 

as  can  be  expected,  considering  the  very  Urge  errors  which  may  arise 
in  determining  dp^  and  the  dififerences  are  evenly  distributed. 

The  partial  pressure  of  the  ammonia  does  not  follow  Henry's  law, 
as  can  be  seen  at  once  from  the  curvature  of  the  isothermals.  The 
carves  for  water  are,  however,  straight,  or  very  nearly  straight,  over 
a  considerable  range  of  dbncentratioo,  that  is  to  say,  the  partial  pree 
sure  of  the  water  vapour  is  proportional  to  1  -  «  (Uw  of  Raoult  and 
van't  Hoff ),  />,  -  P^(l  -  «),  where  P^  =  vapour  pressure  of  pure  water. 
The  agreement  is  found  to  be  very  good  up  to  a  10  per  cent,  ammonia 
solution : 
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Temperature. 

P^ 

il-x). 

P^\-x). 

Pr 

0' 

4-6 

0-947  • 
0-896 
0-843 
0-791 

4-8 
4-1 
8-9 
3-8 

4-0 
4-0 
8-6 

3-0 

10' 

9-2 

0-947 
0-895 
0-843 
0-791 

8-7 
8-2 
7-8 
7-3 

9-0 
8-0 
7-6 
6-6 

20" 

17-5 

0-947 
0-895 
0-843 
0-791 

16-6 
15-7 
14-8 
13-8 

16-5 
15-0 
14-0 
13  0 

30° 

317 

0-947 
0-895 
0-843 
0-791 

30-0 
28-4 
26-7 
25-1 

30  0 
28-0 
25-5 
23-0 

40" 

55-2 

0-947 
0-895 
0-843 
0-791 

62-3 
49-4 
46-5 
43-7 

53-0 
49-5 
45-0 
39-5 

60" 

92-3 

0-947 
0-895 
0-843 

87-6 

82-7 
77-8 

87-5 
82*5 
76-6 

60" 

149-3 

0-947 
0-895 

141-4 
133-6 

143  0 
134  0 

*  These  values  of  1  -x  correspond  with  5,  10,  16,  and  20  per  cent  of  ammonut 

respectively. 

This  close  agreement  shows  that  the  molecular  weight  of  ammonia 
in  solution  is  normal,  and  that  there  cannot  be  a  large  amount  of  any 
hydrate  formed. 


Relation  bettveen  Partial  Pressure  and  Temjierature. 

The  relation  appears  to  be  simplest  at  the  highest  concentrations  ; 
with  22-5  per  cent,  ammonia  solution,  the  expression  \ogp '=' a  •\- bi  holds 
good  to  within  1  per  cent.  With  a  concentration  of  20  per  cent., 
another  term  must  be  introduced,  whilst  at  lower  concentrations  still 
more  terms  would  be  necessary. 
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(to  par  esnt)    logp  -  a  +  6<  +  ci«,  a  - 1  942,  b  -  0O2196, 
O--0-0000576. 


ToBpeimtaiiw 

10 

.  20 

30 

40 


p  (fOQIld). 

87-5 
143 
228*5 
353 
535 


p  (oalralaUd). 
(87-5) 
143 
228 
354 
535 


(22-5  per  cent)    logp^a  +  bi,  a- 2-051,  6-00199. 

Ttnpeimtare,  p  (found).  p  (calculated). 

CP  111  112 

6  149  148 

12  196-5  195 

18  258-5  256-5 

24  337  338 

30  4415  445 

As  the  formula  is  purely  empirical,  it  has  not  been  extended  to  suit 
the  lower  concentrations. 

No  simple  formula  has  been  found  to  represent  the  relationship 
between  temperature  and  the  partial  pressure  of  the  water  vapour. 


Camparimm  qf  th$   Total 


Vapour    Freamres    obtained    by    the   Two 
Methods. 


In  the  following  table  are  given  the  vapour  pressures  measured  hj 
the  statical  method  (static),  and  the  sums  of  the  partial  pressures  of 
the  ammonia  and  the  water  vapour  (air-current) : — 


Peroent- 

60'. 

60*. 

40*. 

80'. 

•fof 
anmoiua 

SUUc 

Air- 
current. 

SUtic. 

Air. 
caneot. 

SUtic 

Air. 
current. 

Static 

Air. 
etarrent 

2-6 
6-0 
7-5 
10*0 
12-6 
15-0 
17-6 

»-o 

22-6 

234 
827 
425 
539 

232 
826 
430 
640 

146 

210 

Ml 

863-5 

454 

564 

149 
214 
286 
367 
459 
567 

91 

134-5 
183 
241 
308-5 
377-6 
465-5 
669-5 

93 
186 
185 
240 
306 
381 
471-5 
674 

66-6 

83 
115 
1535 
193-5 
245 
305-6 
873 
455-5 

66 

84 
116 
16S-6 
196 
246 
306 
376 
468-6 
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Percentage 

of 
ammonia. 

20°. 

10°. 

O*. 

Static. 

Air. 
current. 

Static. 

Air- 
current. 

SUtic. 

Air- 
current 

2-5 
5-0 
7-5 
10-0 
12-5 
15-0 
17-5 
20  0 
22-5 

32-5 

47-5 

70 

93 
118 
151 
190 
237 
291 

32 

50 

70 

94 

122 

155 

194 

241 

294 

18 

27 

40 

54 

69 

89 
115 
144 
180-5 

18 

29 

41 

66 

73 

94 

119-5 
150 
186 

13 
20 
27-5 
35 
45 
67 
75 
93 
117 

10-4 
17 
24 
32 
43-5 
57 
72 
90-5 
114 

At  the  higher  temperatures,  the  agreement  is  seen  to  be  fairly  close, 
and  as  a  rule  within  1  per  cent.  At  the  lower  temperatures,  the 
experimental  error  is  much  larger  in  both  methods  ;  in  the  statical 
method,  a  trace  of  air  would  produce  a  considerable  error,  whilst  in  the 
air-current  method,  the  amounts  of  ammonia  and  water  vapour  aspirated 
oS.  are  comparatively  small.  On  the  whole,  there  is  a  tendency  for  the 
results  by  the  air-current  method  to  be  somewhat  higher  than  the 
others,  and  I  believe  this  to  be  due  to  the  abnormal  density  of  ammonia 
gas.  For  want  of  exact  information  on  the  matter,  the  density  has 
been  taken  as  normal  in  calculating  out  the  vapour  pressures.  If  the 
density  had  been  taken  as  being  somewhat  smaller,  and  the  specific 
volume  therefore  as  greater,  the  agreement  would  have  been  closer. 
It  follows  from  these  results  that  the  sum  of  the  partial  pressures  is 
equal  to  the  total  pressure,  and  there  is  no  large  deviation  from 
Dalton's  law  in  the  case  of  mixtures  of  air,  ammonia,  and  aqueous 
vapour ;  consequently  there  cannot  be  any  appreciable  quantity  of  a 
hydrate  of  ammonia  present  in  the  vapour  drawn  off  from  the 
solution. 


Relation  Uttoeen  Partial  Pressure  and  '^ Bate  qf  Escape" 

In  a  former  paper  (Trans.,  1898, 73, 5 15),  it  was  shown  that  if  a  current 
of  air  is  aspirated  through  a  single  flask  of  ammonia  solution,  the 
quantity  of  ammonia  in  solution  9,  after  the  passage  of  Flitres  of  air, 
can  be  accurately  represented  by  the  equation  log  q^a-bV,  a  and  b 
being  constants  (a  is  the  logarithm  of  the  amount  in  solution  at  the 
beginning  of  the  experiment).     By  differentiating  the  equation,  we 

obtain  ^  *  ^ ;  &  represents,  therefore,  the  amount  of  ammonia^that 
would  be  drawn  off  by  one  litre  of  air,  supposiDg  the  solution  to  con- 
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Uin  alwajt  oim  gram  of  ammoni*,  auU  i*  Uwirafors  a  BnaioTB  ^i  Ubv 

**  rate  of  oaoape  "  of  the  ammonia. 

In  order  to  deduoo  iho  partial  prenure  of  Um  ammonia  from  the  rato 

of  oaoape,  it  is  nocomary  to  6nd  a  mean  coooentratton  of  the  eolution 

so  that  a  solution  of  this  strength  would  give  up  to  the  air  as  mneh 

ammonia  as  was  given  up  by  the  actual  solution  of  varjiog  ooncaotim- 

tion. 

Let  e  « the  real  mean  concentration  (grams  of  ammonia  in  50  e.e.  of 

the  solution). 

F«ToL  of  air  (litres)  passed  through  the  solution  measured  M 

dry  air  at  the  temperature  and  pressure  of  the  solution. 

tp«  •-amount  of  ammonia  drawn  off  (grams). 

bcV 
Thus    •P«-»~^,„f    correcting    for   the    reduction    from    natural 
0*4343 

logarithms  to  logarithms  to  base  10,  and  c«*  — — — ?. 

Let  F  » the  total  pressure. 

Pm  -  partial  pressure  of  the  ammooia. 

/»„■■  „  water  vapour. 

v«  »  volume  of  the  ammonia  drawn  off. 

Sb"*  specific  volume  of   the  ammonia   at  the  temperature  and 
pressure  of  the  solution. 
Then  from  Dalton's  law  : 

P«  V«  Va  tO««. 

'a  o6Cs 


0-4343 


^  "•■    cbs^ 

Several  cases  have  been  tested,  in  which  all  the  data  are  derivvd 
from  the  paper  on  the  **  rate  of  escape  "  except  the  values  of  ]fm 
which  are  taken  from  the  present  communicatioo. 

20*.  P-iee,  ;>»-16,  «.-l-397,  6-000655,  c-2-880  (5-»0  per 
cent.  NH,). 

Pm='A29.     Read  from  isothermal  41*2. 
30*.  P-758,  /»«- 30,  ^.-1-460,   6-001034,  c- 2-869  (6-88  par 
cent.  NH,). 

/)a«^66*0.     Read  from  isothermal  650. 
40°.  /'  =  765,  pit-53,   #a-=l  494,  6-00165,   c-2-449   (500  per 
cent.  Na,). 

Pa-  86-9.    Read  from  iaothermal  84-0. 
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The  agreement  is  not  good,  and  there  appears  to  be  some  constant 
error.  The  present  experiments  are  far  more  accurate  than  the  older  ones, 
and  the  latter  are  probably  not  of  much  use  for  giving  absolute  values 
of  the  partial  pressure. 

Latent  Heat  of  Evaporation  of  Aqueous  Ammonia  Solution. 

The  latentheatof  evaporation  of  solutions  of  various  concentrations  has 

been  calculated  from  the  thermodynamical  equation  Z  =  — («'  -  «)t^.    The 

u  (tl 

specific  volume  of  the  mixed  vapour,  »',  has  been  taken  as  the  sum  of 

the  specific  volumes  of  the  ammonia  and  water  vapour  present ;  a  has 

been  neglected.     Values  of    -^^    have  been  calculated  from  the  table 

of  total  pressures,  and  also  from  the  partial  pressures  (by  taking  the 
sum  of  the  two  differences)  ;  the  mean  of  the  two  results  has  been  used 
in  the  calculations. 


it  at  13°. 

dT 

Percent- 

age of 

Mean. 

S'. 

L. 

L'. 

aX. 

ammonia. 

From 

total 

pressure. 

From 

partial 

pressures. 

10-0 

8-6 

3-76 

3-625 

16-66 

616-3 

560 

12-6 

4-25 

4-5 

4-376 

•   12-27 

488-3 

562 

16-0 

R-76 

6-25 

6-6 

9-63 

476-7 

546 

17-6 

676 

6-75 

6-75 

7-47 

458-6 

687 

20  0 

8-5 

8-25 

8-875 

6-97 

454-8 

530 

22-6 

10  0 

10-0 

100 

4*792 

486-9 

623 

87 

260 

12-26 

— 

— 

3-847 

428-7 

615 

86 

27-6 

14-76 





3 -182 

420-2 

508 

88 

4J00 

17-26 

"— 

— 

2-648 

399-8 

601 

101 

The  column  headed  L'  contains  the  values  of  the  heat  of  evaporation 
calculated  on  the  assumption  that  it  is  simply  the  sum  of  the  heats  of 
evaporation  of  the  ammonia  and  the  water  present  in  the  mixture. 
The  column  A£  contains  values  of  L'  -  Z,  which  should  represent  the 
heat  evolved  on  mixing  the  ammonia,  in  the  liquid  form,  with  the 
water. 

The  heat  of  solution  of  ammonia  is  given  by  Thomsen  (TWmoeWi- 
iaohe  UnUrsuehungen^  vol.  2,  p.  68)  as  NH,, Aq  »  8430 ;  this  gives  the 
heat  of  solution  per  gram  of  ammonia  as  496,  and  subtracting  from 
this  the  heat  of  evaporation  of  ammonia,  295,  we  get  201  as   the 
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bMt  •▼olved  on  mixiDg  1  gnun  of  liquid  uninioma  wim  a  iargo  quantiij 
of  water.  Th«  Talae  Z-295  if  obtained  from  lUgoAalt't  rtralte, 
Ukinf  the  mMn  of  the  values  of  L  and  the  mean  of  the  temptratoree 
(Laodolt  and  Banistein's  TMUen), 

The  above  values  of  t^L  are  vitiated  by  the  large  error  inhereo* 

in  the  ratio  ^  from  which  L  ia  calculated,  but,  nevertheless,  they  are 

of  the  order  which  would  be  expected  from  the  numerical  data  jott 
giveo. 

Swmmmy  and  General  Conclunong, 

(1)  The  partial  vapour  pressures  of  aqueous  ammonia  solution  have 
been  found  and  tabulated  for  concentrAtions  up  to  22*5  per  oent. 
ammouia,  and  at  temperatures  from  0  to  60°. 

(2)  The  relationship  between  the  partial  pressures  and  the  concen- 
tration of  the  solution  is  found  to  be  that  deduced  by  Duhem  and 
others  for  binary  mixtures  of  liquids. 

(3)  The  lowering  of  the  vapour  pressure  of  water  by  the  ammonia 
follows  Raoult's  law  closely,  showing  that  the  molecular  weight  of 
ammonia  in  solution  is  normal,  and  that  no  large  quantity  of  a  hydrate 
is  formed. 

(4)  The  relation  between  the  partial  pressure  of  the  ammonia  and 
temperature  is  expressed  by  a  formula  of  the  form,  logp  -•  a  +  6t  +  . . . 

(5)  The  sum  of  the  partial  pressures  is  equal  to  the  total  pressure 
found  by  the  statical  method ;  consequently  there  is  no  appreciable 
quantity  of  hydrate  present  in  the  gaseous  mixture  given  off  by  the 
solution. 

(6)  The  relationship  between  the  partial  pressure  of  the  ammonia 
and  the  **  rate  of  escape  "  has  been  deduced. 

(7)  The  approximate  latent  heats  of  evaporation  of  aqueous  ammonia 
solution  of  various  concentrations  have  been  calculated. 

The  experimentel  part  of  this  work  was  carried  out  at  the  Physik- 
alisch-chemisches  Institut,  Leipzig,  and  I  am  much  indebted  to  the 
director,  Prof.  Ostwald,  and  the  sub-director,  Dr.  Luther,  for  the- 
fadlitiee  they  so  readily  afforded  me. 

The  expense  incurred  for  apparatus  was  covered  by  a  grant  from  tbr 
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Appendix. — Experimental  Data. 
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XVI. —  /    /     ric  Amiiioamidines   of  the    Naphthalene 
Stories.     {Fourth  CommuniccUian  an  Anhydro-bases.) 

Bjr  Kapuakl  Mbloola,  F.RS.,  John  VAiaAB  Eyei»  aodJosiPB  HjvmT 

r^NB. 

In  Uie  Utt  paper  dealing  with  this  subject,  by  one  of  the  authors  and 
L«wi8  Eynon  (Trans.,  1900,  77,  1159),  it  was  de6nitely  esUblished 
that  2  : 4-dinitro-a-acetoDaphtbaUde  gives  rise  to  different  aminoami- 
dines  according  as  the  reduction  is  effected  by  tin  and  hydrochlorie 
add  (method  of  Meldola  and  Streatfeild)  or  by  iron  and  hydrochloric 
add  (method  of  Markfeldt).  The  isomeric  bases  are  for  brevity 
referred  to  as  Markfeldt's  and  M.  and  S.  base  respectively.  The  investi- 
gation has  been  extended  with  the  object  of  ascertaining  the  cause  of 
this  remarkable  isomerism.  Although  the  problem  cannot  yet  be  con- 
sidered to  be  finally  solved,  a  considerable  quantity  of  fresh  experi- 
mental evidence  has  enabled  us  to  arrive,  at  any  rate  provisionally,  at 
a^oiBeiently  definite  conclusion  concerning  the  structural  formuin  of 
the  bases.  These  formulie  will  be  considered  in  a  subsequent  paper 
after  the  complete  evidence  has  been  submitted.  The  main  facts 
brought  out  in  the  present  paper  are  that  the  isomerism  of  the  amino- 
amidines  extends  to  the  amidines  themselves,  and  that  the  &f.  and  S. 
ba^e  is  convertible  into  its  isomeride  by  the  prolonged  action  of  iron 
.lod  hydrochloric  acid.  Incidentally,  many  new  salts  and  derivatives 
of  both  bases  have  been  prepared  and  are  described  in  the  following 
pages. 

EUienyltriaminonajththidtns ;  the  Frt€  Bam  (M.  and  S.). 


Although  the  first  attempts  to  isolate  the  base  were 
the  experiments  were  renewed,  and  we  are  now  enabled  to  deeeribe  a 
method  for  obtaining  this  compound.  The  sulphate  in  a  pasty  condi- 
tion is  heated  with  a  strong  solution  of  ammonium  carbonate,  taking 
care  to  add  only  sufficient  of  the  latter  to  jubt  basify  the  sulphate. 
The  point  of  neutralisation  is  indicated  by  the  disappearanoe  of  the 
insoluble  sulphate  owing  to  the  extreme  solubility  of  the  baee  in  water. 
The  hot  concentrated  solution  thus  obtained  is  filtered  and  allowed  to 
remain  for  some  days,  wh«n  the  base  seps rates  out  in  groaps  of  long, 
flattened  prisms  of  a  brownish  colour,  which  are  transparent  at  first 
but  become  opaque  in  the  course  of  a  few  days  when  exposed  to  the 
air.  Although  the  base  is  a  perfectly  definite  compound,  it  posseesee 
no  di&tinctive  characters  which  can  be  considered  satisfactory  from  a 
diagnostic  point  of  view.     It  is  a  highly  hydrated  substance  with  no* 
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deBnite  melting  point,  and  is  capable  of  forming  a  number  of  different 
compounds  with  water.  On  combustion,  it  leaves  a  dense  residue  of 
carbon,  which  is  so  refractory  that  it  burns  with  the  greatest  difficulty, 
even  when  heated  for  hours  in  a  current  of  oxygen.  For  this  reason, 
the  analytical  results  have  been  of  little  value.  That  the  compound 
is  the  free  base  is  proved  by  its  giving  the  phenylazo-compound  des- 
cribed in  a  former  paper  (Trans.,  1899,  76,  1016)  and,  on  acetylation, 
the  acetyl  derivative  of  decomposing  point  281 — 284"^  (Trans.,  1900, 
77,1163).* 

The  crystalline  base,  when  allowed  to  dry  in  the  air  at  the  ordinary 
temperature,  shows  the  following  characters  on  heating  in  a  capillary 
glass  tube  :  at  70- — 75°,  the  crystals  become  opaque  ;  at  95 — 103°, 
incipient  fusion  is  observed,  and  up  to  210°  the  substance  appears  to 
harden  again  ;  at  265°,  blackening  with  decomposition  takes  place. 

The  air-dried  substance  furnished  the  following  result  on  analysis : 

0-1 308  gave  12-75  c.c.  moist  nitrogen  at  15-4°  and  7686  mm.  N  =  11-51. 
Cj2HuNg,9JH20  requires  N=  11*41  per  cent. 

On  drying  in  the  water-oven,  the  crystals  become  opaque.  At  this 
temperature,  the  loss  of  weight  is  about  23 — 24  per  cent. 

(I)  0-8932  lost  0-2127  =  23-81  per  cent.     (II)  02634  lost  0-0624 
=  23  69  per  cent.     Mean  loss  =  23*75  per  cent. 

The  weight  remains  constant  when  this  degree  of  dehydration  has 
been  reached.  The  dried  substance  at  this  temperature  therefore  con- 
tains 22  72  per  cent,  of  HgO,  and  thus  retains  between  3  and  3^  mols.  ; 
Cj2Hi,N8,9  JH2O  contains  4647  per  cent,  of  HjO  ;  Ci2HnN3,3JH,0  con- 
tains 24-2  per  cent,  of  H2O  ;  CigHi^Ng.SHjO  contains  21*5  per  cent, 
of  Hfi. 

No  further  loss  takes  place  at  110—120°.  At  120—130°,  a  further 
loss  of  2-77  per  cent,  was  incurred,  and  as  the  compound  showed  signs 
of  decomposition  at  this  stage,  the  drying  was  discontinued  and  an 
analysis  made. 

0*0836  gave  1325  c.c.  moist  nitrogen  at  149°  and  7667  mm.  N  =  18-72. 
CjjHijNj.UHgO  requires  N«  18*75  per  cent. 

Although  the  base  is  so  readily  soluble  in  water  when  liberated  from 
its  salts  in  aqueous  solution,  the  crystals  when  once  formed  dissolve 
but  slowly,  even  in  boiling  water.  It  dissolves  slowly  in  boiling 
ethyl  alcohol,  and  the  saturated  solution  deposits  the  base  in  the  form 
of    ochreous,  brown,   transparent  prisms  which   show   the  following 

*  This  decomposition  point,  redetermined  by  reference  to  a  short^stemmed  thcrmo* 
meter  standardiwa  in  Ikrlio,  is  288—290°.  The  absence  of  acid  radicles  from  the 
«rytt»li  WM  proved  by  qualiutivo  examination. 
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clumcteni  when  luvittHl  \n  i  t.ipillary  tube:  ihtj  •oftMl  at  82 — 85^ 
bArden  and  bo<Mt]io[o|vu|tie  at  173 — 175^,  and  begin  to  deoompoee  at 
S58^ ;  decotnix)siiion  with  bUckeniog  U  complete  at  280°. 

A  speotmen  dried  in  the  air  at  the  ordinarj  tenpermlure  wai  analjicd 
with  tlie.followiog  resolte : 

OllOOgaTe  14*850.0.  moist  nitrogen  at  W  and  766*4  mm.  N-ld-Ott. 
01735    „     23*1  cc.         „  „        10  7     „    7691  mm.  N- 15*86. 

This  correftponds  with  a  hydrate  containing  3.]  mols.  of  water  which 
requires  16*15  per  cent,  of  nitrogen.  The  crystals  thus  obtained  do  not 
appear  to  contain  alcohol  of  crystallisation  ;  no  appreciable  loss  takes 
place  on  drying  in  the  water-oven. 

The  base  dissoWes  also  in  boiling  amyl  alcohol,  from  which  it 
separates  on  cooling  in  the  form  of  small,  ochreous  scales  which  begin 
to  soften  at  150°,  and  decompose  finally  with  charring  from  260°  to  280°. 
It  is  insoluble  in  benzene  and  its  homologues  and  dissolves  but  very 
slightly  in  ether,  so  that  this  solvent  extracts  the  base  from  its 
aqueous  solution  to  a  quite  inappreciable  extent.  The  picrate  was 
prepared  and  analysed  after  successive  crystallisations  and  found  to 
have  the  indefinite  character  already  assigned  to  this  salt  (Trans.,  1900, 
77,  1162). 

Salts  of  Bihenyliriaminonaphthalene  {^f.  and  S.). 

The  following  salts  have  been  prepared  incidentally  in  the  course  of 
the  research,  chiefly  with  the  object  of  ascertaining  whether  any  well- 
marked  distinctions  were  shown  by  the  corresponding  salts  of  the 
isomerio  bases. 

AesiaU. — Prepared  from  the  sulphate  by  decomposing  with  barium 
chloride,*  filtering  off  the  barium  sulphate,  removing  the  excess  of 
barium  by  sodium  carbonate  and,  after  filtration,  acidifying  the  solution 
with  acetic  acid.  It  crystallises  in  silvery  scales,  has  no  definite 
melting  point,  softens  about  170°,  and  chars  about  270°.  A  specimen 
dried  in  the  water-oven  gave  the  following  result : 


01228  gave  15*35  c.c.  moist  nitrogen  at  9*2° and  775*1  mm.  N«  15*30. 
Ci^nN,,C,H^O,,HjO  requires  N-  15  30  per  cent. 

Oxalate, — ^Prepared  as  above  from  the  sulphate.  It  forms  minute, 
white  needles  after  crystallisation  from  water.  The  dry  salt  beoomss 
reddish  on  exposore  to  light  and  air ;  after  drying  in  the  water-oven, 
it  has  no  definite  melting  point,  but  softens  at  205 — 210°  and  chars 
between  235°  and  245°. 

*  If  the  salphate  is  barified  by  ammonia  or  eaostic  alkali  and  tho  aolntion  then 
acidified  with  acetic  acid,  the  crystala  which  separate  still  contain  nalphuric  acid. 
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0-1317  gave  1455  c.c.  moist  nitrogen  at  14-2''  and  762-9  mm.  N  =  13  02. 
Ci2HiiN8,C2H204,2H20  requires  N=  1303  per  cent. 

Mercurichloride. — Prepared  as  above  from  the  sulphate,  the  filtrate, 
after  removal  of  the  barium  carbonate,  being  acidified  by  hydro- 
chloric acid.  On  adding  mercuric  chloride  solution,  the  double  salt 
separates  in  the  form  of  white  scales,  which,  after  drying  in  the  air, 
have  a  decomposing  point  of  238 — 242°,  and  on  drying  in  the  water- 
oven  lose  4*6  per  cent.,  corresponding  approximately  with  IJ  mols. 
of  water.  The  dry  salt  is  anhydrous  and  decomposes  on  heating  in  a 
capillary  tube  at  246—249°. 

01 117  gave  7*55  c.c.  moist  oxygen  at  11°  and  768-9  mm.     N  =  814. 
0-2553  gave  0  2181  AgCI.     CI  =  21  12. 

CiaH^iNg.HCI.HgCIg  requires  N  =  8-34  ;  01  =  2106  per  cent. 


1^  Ethyl  Derivative  of  Acetaminoethenyldiaminonaphthalene  (M.  and  S.), 
aH30'NH-C3,H,<^(^2H.]>C'CH3. 

The  replacement  of  the  hydrogen  atom  of  the  NH  group  of  the 
imidazole  ring  by  alkyl  radicles  destroys  the  acid  character  of  this 
ring  and  gives  rise  to  well -characterised  basic  compounds,  which  are 
more  satisfactory  to  deal  with  for  the  purposes  of  comparison  than 
either  the  anhydro-bases  themselves  or  their  acetyl  derivatives.  The 
iV-methyl  derivatives  of  the  acetylated  M.  and  S.  base,  and  of  Mark- 
feldt's  base,  have  been  described  in  former  communications  to  the 
Society  (Trans.,  1899,  76,  1014;  1900,  77,  1165).  As  these  iV-alkyl 
derivatives  are  of  extreme  importance  in  connection  with  the  deter- 
mination of  the  constitution  of  the  isomeric  bases,  their  study  has 
been  extended  and  the  iV-ethyl  derivatives  prepared  in  the  same  way  as 
before,  namely,  by  the  action  of  ethyl  iodide  on  the  dry  ^-silver  salt. 

The  base  thus  prepared  from  the  acetyl  derivative  of  the  M.  and  S. 
base  dissolves  very  readily  in  all  acids,  whether  organic  or  inorganic. 
When  liberated  from  its  salts  by  the  addition  of  alkali  to  a  hot 
dilute  aqueous  solution,  the  base  slowly  crystallises  out  on  cooling  in 
the  form  of  small,  white  needles  which  soften  at  188°  and  melt  sharply 
at  190 — 191°  By  allowing  the  saturated  alcoholic  solution  to  deposit 
crystals  by  slow  evaporation  at  the  ordinary  tem[)erature,  the  compound 
is  obtained  in  the  form  of  beautifully  defined  rhombohedral  tablets  of 
a  yellowish  colour,  which  are  transparent  at  first,  but  become  opaque 
on  heating  and  melt  sharply  at  192 — 193°. 

00659  gave  865  c.c.  moist  nitrogen  at  196°  and  767  mm.   N- 16-17. 
OiaHj70Ng,JH,0  requires  N«16*22  per  cent. 
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TIm  bMt  is  extramelj  aolablt  id  alcohol,  ilightlj  to  in  •tb«r,  and 
diaaolTW  toniawhat  freoly  in  boiling  beniene.  From  the  UtUr  lolvent 
ii  MparatM  in  two  distinct  kinds  of  a^stals.  Ttis  crop  first  dspositsd 
ooiMittB  of  pale  straw-coloured,  flat  MtdUs  grouped  into  tufts ;  tbaie 
are  transparent  at  first,  but  become  opaque  on  drying  without  loss  of 
weight.  The  next  crop  conniitts  of  dense,  nodular  crystaU  having  an 
oehreoos  colour,  sometimefl  mixed  with  a  small  quantity  of  the  needle- 
shaped  crystals.  The  melting  point  in  lower  after  crystallisation  from 
beosene,  the  nodules  melting  at  184 — 185°  and  the  needles  less  definitely 
at  179— 18 1^  The  two  kinds  of  crystals  give  the  same  picrste,  which 
u  described  below,  and  the  composition  of  the  nodular  crystals  is  the 
same  as  that  of  the  needles  obtained  by  crystallisation  from  water. 

0  1048  gave  13*9   c.c.  moist  nitrogen  at  16*5'' and  750  2  mm.   N- 15*21. 
01027     „     13-55C.C.      „  „  21-5°  „    769  3mm.   N-1515. 

00987     „     13-15  c.c.      „  „  22  6''  „    768-9  mm.   N- 15*20 

The  supply  of  needle-shaped  crystals  wa.s  unfortunately  exhausted 
without  our  being  able  to  arrive  at  a  definite  result  concerning  their 
composition,  but  one  analysis  indicates  that  these  may  consist  of  the 
anhydrous  base. 

00394  gave  5*3  c.c.  moist  nitrogen  at  19*3''  and  767*3  mm.   N- 15*58. 
CijHiyON,  requires  N  - 15*73. 

The  needles  are  always  less  in  quantity  than  the  nodules.  The  fact 
that  the  two  kinds  of  crystals  give  identical  picrates  indicates  that  the 
difference  in  crystilline  form  is  not  due  to  structural  isomerism. 

The  fneraie  separates  out  in  the  form  of  yellow  needles  on  mixing 
alcoholic  solutions  of  the  base  and  picric  acid.  After  repeated  crystal- 
lisation from  boiling  alcohol,  this  salt  melts  sharply  with  decomposition 
at  243 — 244°.  The  unetbylated  acetyl  derivative  does  not  form  a 
picrate  (Trans.,  1900,  T7,  1164). 

0*1141  gave  16*15  c.c.  moist  nitrogen  at  16"^  and  754*4  mm.  N- 16*34. 

01056     .,     14*95  cc.       „  „  19•5^,   7634  mm.   N-16*29. 

CnHi70N,.CeH^N0,),-0H,H,0  requires  N-  16*37  per  cent. 

The  hydrochloride  gives  no  precipiUte  with  platinic  chloride. 

The  Qurichlonde  separates  on  mixing  solutions  of  the  hydrochloride 
of  the  base  and  auric  chloride.  It  is  resinous  at  first,  but  slowly 
changes  into  a  granular,  oahreoos  powder.  When  dried  at  the  ordinary 
tempeimtoie  under  a  desiccator,  it  softens  at  90°  and  fuses  to  a  red  oil 
1^  130 — liJTo  with  decomposition. 

0*2436  gave  0*0745  Au  =  3059. 

C,8U„ONyHAuC1^2U,0  requires  Au  -  30*65  per  cent 


1190      MELDOLA,  EYRE,   AND   LANE  :   ISOMERIC   AMINOAMIDINES 

We  may  add  that  the  aurichlorides  have  generally,  throughout  the 
present  investigation,  proved  to  be  of  great  value  for  characterising 
the  anhydro'bases  of  this  series. 

Ethenyldiaminonaphthxtlene  (Afetkylnaphthimidazole)  Jrorn  EthenyU 
tria7ninona])hthalene  (AL  and  S.). 

Tn  order  to  eliminate  the  amino-group  from  the  aminoamidine,  the 
freshly  precipitated  and  moist  sulphate  was  diazotised  by  adding  sodium 
nitrite  in  small  quantities  to  the  well-cooled,  p%sty  mass  until  a  clear 
solution  was  obtained.  It  is  necessary  to  diazotise  in  presence  of  an 
excess  of  sulphuric  acid  in  order  to  avoid  the  formation  of  a  coloured 
aminoazo-compound.  The  solution  of  the  diazonium  salt  was  poured 
into  a  large  volume  of  absolute  alcohol  and  the  decomposition  effected 
in  the  usual  way,  first  by  warming  gently  and  then  by  boiling  for  some 
hours  in  a  flask  with  a  reflux  condenser  until  nitrogen  ceased  to  be 
evolved.  After  distilling  off  the  excess  of  alcohol,  »fec.,  the  residual 
solution  was  diluted  with  water  and  just  neutralised  with  ammonia, 
when  the  crude  base  separated  out  in  a  crystalline  form  as  the  solution 
cooled.  The  base  is  also  acid  in  character,  owing  to  the  NH  group  of 
the  amidine  ring,  and  advantage  was  taken  of  this  property  for  the 
purification  of  the  compound.  The  crude  product  was  dissolved  in  hot 
dilute  sodium  hydroxide  solution,  the  solution  filtered,  and  the  filtrate 
made  strongly  acid  with  hydrochloric  acid.  The  hydrochloride  of 
the  base  is  but  slightly  soluble,  especially  in  presence  of  excess  of 
hydrochloric  acid,  and  separates  on  cooling  in  the  form  of  small,  white 
needles.  The  base  can  be  obtained  by  suspending  the  hydrochloride 
in  ammonium  carbonate  solution  and  washing  the  residual  crystals  on 
a  filter  with  water  until  free  from  soluble  salts. 

This  ethenyldiaminonaphthalene  is  sparingly  soluble  in  boiling 
alcohol,  from  which  solvent  it  separates  on  cooling  in  the  form  of 
silvery  scales.  In  dealing  with  large  quantities  of  the  base,  the  best 
solvent  is  aniline,  which  dissolves  the  compound  freely  when  hot  and 
deposits  it  in  the  form  of  ochreous  scales  on  cooling.  We  satisfied 
ourselves  by  a  preliminary  experiment  that  the  base  is  not  decom- 
posed or  acted  on  in  any  way  by  boiling  with  aniline.  The  crystalline 
deposit  can  be  washed  with  cold  aniline  to  remove  the  mother  liquor, 
and  finally  with  cold  alcohol  until  free  from  aniline.  A  specimen 
thus  prepared  was  analysed  with  the  following  results  : 

0-0985  gave  0  2611  CO,  and  00492  Ofi.    0  =  72-28  ;  H-5-66. 
01147     „  13-55  c.c.  moist  nitrogen  at  10-8°  and  769  mm.     N- 14-21. 
0-0995     „  11-75  0.0.        „  „        13  5°   „     768  mm.     N-14-06. 

From  these  numbers,  it  appears  that  the  base  retains  water,  as  is  so 
generally  the  case  with  the  compounds  dealt  with  in  the  coarse  of 
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roMarchea.  The  formuU  Cj,H,oN,,H,0  requtras  0-7S( 
H-6;  N-U  pw  OMit,  The  water  could  not  be  expelled  bj  heat 
withoQi  deoompoftitioD  of  the  lubetenoe.  ▲  epeoliDen  heated  in  a 
U-iabe  at  SST*  id  a  current  of  dry  air  loet  lees  than  half  a  moleeale 
of  water,  nameljr»  4*2  instead  of  4*5  per  eent.,  and  then  thowed  eigne 
of  deoompoeing. 

TheVneltang  point  of  the  base  is  difficult  to  determine,  an  it  darkens 
at  about  ibS""  and  does  not  completely  fuse  until  264*^.  It  is  but  very 
slightly  8oIuble*in  bensene  or  toluene,  but  dissolves  more  freely  in  boiling 
amyl  alcohol.  It  separates  slowly  snd  imperfectly  from  its  solutions  in 
the  alcohols,  even  when  the  latter  are  saturated  at  their  boiling  points. 
The  eeparation  from  aniline  is  more  complete.  The  properties  of  the 
base  and  of  its  salts  show  that  it  is  iAomeric  with  the  ethenyl* 
diaminonaphthalene  described  by  Prager  (Ber.,  1885,  18,  2161).  The 
solution  of  the  hydrochloride  gives  no  precipitate  with  platinic  chloride. 
The  base  undergoes  no  change  by  heating  in  a  sealed  tube  to  205^ 
with  excess  of  strong  hydrochloric  acid. 

Ifjfdroehloride, — A  specimen  of  this  salt  was  prepared  by  dissolving 
the  base  in  alcohol  with  the  addition  of  a  little  hydrochloric  acid  and 
adding  an  excess  of  strong  hydrochloric  acid  to  the  hot  solution. 
The  salt  separates  out  on  cooling  in  the  form  of  white  needles.  After 
being  collected,  washed  with  alcohol  containing  a  little  hydrochloric 
add,  and  dried  at  the  ordinary  temperature,  first  in  the  air  and  then  over 
lime  in  a  desiccator,  the  following  analytical  results  were  obtained  : 

0*1012  gave  9*3  c.c.  moist  nitrogen  at  11^  and  773  mm.     N«  11*13. 
0-2993     „     01804  AgCl.     01-1492. 

C,^,oN^HCl,H,0  requires  CI -150;  N- 11*41  per  cent. 

On  attempting  to  drive  off  the  water  by  drying  at  lOO*',  hydrogen 
chloride  is  also  expelled,  as  the  basic  character  of  the  compound  is  but 
feeble. 

CkromaU, — A  concentrated  solution  of  the  base  in  dilute  acetic  acid, 
on  being  mixed  with  a  solution  of  potassium  chromate,  givee  at  first 
an  ochreous,  gelatinous  precipitate  which  slowly  becomes  crystalline. 
If  the  solutions  are  dilute,  the  chromate  separates  more  slowly  and 
appears  in  the  form  of  ochreous  needles.  The  salt,  after  being  collected, 
washed  with  water,  drained,  and  dried  in  the  water-oven,  bUckene 
between  138°  and  146'';  it  has  no  distinct  melting  point. 

01120gavelO*15c.c.mststnitrogenat  12-4°and771-4mm.   N-t  10-89. 
0-2217    „      0-0328  Crfi,     Or- 10*13. 
0„H,oN2,H,CrO,.2H,0  requires  N- 10*83 ;  Cr-  10-05  per  cent. 

PiercUe. — On  mixing  a  strong  alcoholic  solution  of  the  base  with 
an  alcoholic  solution  of  picric  acid,  this  salt  separates  oat  in  the  form 
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of  yellow  needles.     After   crystallisation  from  alcohol,  the  melting 
point  is  220°,  with  partial  sublimation  at  200°. 

00995  gavel4*4c.c.moi8tnitrogenatl3-6°and755-3mm.     N  =  16-93. 
0-1055    „    1505  C.C.      „         „  10°      „   773-0  mm.     N=  17-35. 

Ci2HioN2,CoH2(N02)30H  requires  N  =  17-07  per  cent. 

Benzoylaiion  of  the  Base. — Benzoyl  chloride  acts  only  im- 
perfectly on  the  base  in  presence  of  alkali  according  to  the  well-known 
method  of  Schotten  and  Baumann,  a  product  being  obtained  which 
could  only  be  partially  purified  by  crystallisation  from  boiling  toluene, 
in  which  the  unaltered  base  dissolves  but  slightly.  The  hot  solution, 
after  filtration  to  remove  the  undissolved,  unchanged  base,  was 
allowed  to  evaporate  spontaneously  at  the  ordinary  temperature.  A 
crystalline  deposit  was  thus  obtained,  which  consisted  of  a  mixture  of 
small,  nodular  tufts  of  opaque,  white  needles  and  large,  transparent, 
brown  prisms.  The  white  needles  proved  to  be  unaltered  ethenyl- 
diaminonaphthalene.  The  brown  prisms,  after  being  freed  from  the 
admixed  crystals,  were  washed  with  benzene  and  allowed  to  dry  in  the 
air.  The  melting  point  was  130°,  but  softening  took  place  at  80 — 90°. 
The  properties  of  this  compound  point  to  its  being  a  dibenzoyl  deriva- 
tive of  o-naphthylenediamine. 

0-1914  gave  11-6  c.c.  moist  nitrogen  at  10-5°  and  763  mm.     N  =  7-27. 
C24H18O2N2  requires  N«=7-66  per  cent. 

Owing  to  the  diflficulty  of  preparing  the  new  base  in  large  quantity 
and  the  imperfect  action  of  benzoyl  chloride,  we  had  but  very  little 
material  to  deal  with,  so  that  this  pirt  of  the  work  must  be  repeated. 
It  may  be  pointed  out,  however,  that  a  breaking  down  of  the  amidine 
ring  under  the  influence  of  benzoyl  chloride  and  alkali  would  give  rise 
to  dibenzoylnaphthylenediamine : 

Similar  observations  have  been  recorded  in  the  benzene  series  by 
Bamberger  and  Berl6  (AnnaleUf  1893,  273,  342).  On  the  other  hand, 
this  rupture  of  the  amidine  ring  under  these  conditions  does  not 
always  occur,  as  we  have  found  in  the  case  of  Markfeldt's  ethenyltri* 
aminonaphthalene  and  as  has  also  been  found  by  Otto  Fischer  in 
studying  other  anhydro-baaes  of  this  series  (Ber.^  1901,  34,  932). 
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N-iTdUy/  Ikrivativeq/'  £ih4nyl<U%minonapMkmt$n$  (iVtw  lMm$nd$). 

This  deriTaUve  wms  piropared  bj  the  action  of  methyl  iodide  on  the 
dry  sUvasr  salt  aooording  to  the  method  previously  described  (Traos., 
1899»  70,  1013).  The  iV-silver  salt  is  immediately  predptUted  oa 
adding  a  solution  of  silver  nitrate  in  dilute  alcohol  to  a  solution  of 
the  amidint  in  alcohol  containing  ammoniii.  The  salt  is  amorphour 
and  no  attempt  was  made  to  analyse  it.  After  being  collected,  washed, 
and  dried,  the  finely  powdered  salt  was  digested  for  some  hours  with 
methyl  iodide  dissolved  in  methyl  alcohol.  After  filtration  to  remove 
the  silver  iodide,  the  alcohol  and  excess  of  methyl  iodide  were 
evaporated  off  and  the  base  purified  by  repeated  extraction  with  dilute 
acid  and  precipitation  by  sodium  hydroxide  solution.  This  treatment 
was  made  necessary  by  the  fact  that  methylation  is  always  very 
incomplete  by  this  method,  the  product  containing  much  unaltered 
base,  which  is  removed  by  the  alkali  by  virtue  of  its  acid  character. 
The  pure  methyl  derivative  was  obtained  as  an  oil  which  did  not 
solidify  when  left  for  some  time.  The  isomeric  iV-methyl  derivative 
obtained  by  methylating  Prager's  ethenyldiaminonaphthalene  melts  at 
143—144°  (Otto  Fischer,  Ber.,  1901,  34,  935). 

The  compound,  as  might  be  expected  after  replacement  of  the 
hydrogen  of  the  NU  group,  no  longer  possesses  any  acid  characters, 
b«t  is  strongly  basic,  dissolving  at  once  in  all  acids,  mineral  and 
organic.  No  well-characterised  salts  with  mineral  acids  could  be 
prepared  with  the  small  quantity  of  material  at  our  disposal,  so  the 
base  wms  converted  into  picrate  by  mixing  its  hot  alcoholic  solution 
with  an  alcoholic  solution  of  picric  acid.  The  salt  thus  formed 
crystallises  from  alcohol  in  groups  of  ochreous  needles  or  from  dilute 
solutions  in  fern-like  leaflets  with  serrated  edges.  The  melting  point 
is  228°,  with  partial  sublimation  at  201°.  A  specimen  dried  in  the 
water-oven  was  analysed  with  the  following  results : 

0-0954  gave  13-2  cc.  moist  nitrogen  at  1 2*5°  and  762  mm.    N  - 1 6*41 
01037     „    14-4  cc.      „  „  12-4°    „    760  mm.    N- 16-48. 

C„H„N^C^H,(NO,),-OH  requires  N  -  1647  per  cent. 

1^'Btkjfl  Dtrivaiive  qf  the  Xew  Bl/teni/ldiammonapMaim$, 

This  compound  was  prepared  from  the  dry  stiver  salt  and  ethyl 
iodide  in  the  same  way  as  the  methyl  derivative.  After  pnrifioation 
by   repeated  solution  in   dilute  acid  and  precipitation  by  excess  of 
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sodium  hydroxide,  the  base  was  obtained  as  a  viscid  oil  which  solidified 
slowly  when  left  undisturbed,  or  more  rapidly  by  rubbing  it  against 
the  sides  of  the  beaker  with  a  glass  rod.  The  base  separates  as  an 
oil  from  methyl  or  ethyl  alcohol  and  from  acetone.  It  dissolves  in 
boiling  benzene  and  separates  on  cooling  in  the  form  of  transparent 
ochreous  plate.^.     The  melting  point  is  84°  with  previous  softening. 

00644  gave  7-2  c.c.  moist  nitrogen  at  135°  and  769-5  mm.  N  =  13*16. 
00967     „lMc.c.       „  „  13-4°    „    765     ram.  N  =  1361. 

Cj^Hj^Ng  requires  N  =  13*3  per  cent. 

As  in  the  case  of  the  unalkylated  amidines,  the  salts  proved  to  be 
more  satisfactory  for  analytical  and  diagnostic  purposes. 

Chromate. — On  adding  a  solution  of  potassium  chromate  to  a  solu- 
tion of  the  hydrochloride  of  the  base,  an  oily  chromate  separates,  and 
this  slowly  solidifies  to  a  pulp  of  ochreous  needles.  The  salt,  after 
drying  in  the  water-oven,  softens  at  165°  and  decomposes  at  about 
175°. 

0-2051  gave  00459  Cvjd^.     Or  =  15-32. 

0-1238     „     9-05  c.c.  moist  nitrogen  at  15°  and  7464  mm.  N  =  8-40. 
Ci4Hi4N2,H^Cr04  requires  Cr=  15-87  ;  N  =  855  per  cent. 

Picrate. — This  salt  separates  in  the  form  of  yellow  needles  on  mix- 
ing alcoholic  solutions  of  the  base  and  of  picric  acid.  After  two 
crystallisations  from  alcohol  and  drying  in  the  water-oven,  the  salt 
melts  with  decomposition  at  234—235°. 

0-1269  gave  16-3   c.c.moist  nitrogen  at  13-7°  and  7684  mm.   N  =  15-29. 

0-1274     „    16-25  cc.      „  „  13°      „    7714  mm.   N-15-28. 

Ci^H,^N2,CeH2(N02)3-OH,H20  requires  N=  15-34  per  cent. 

Aurichloride. — On  mixing  solutions  of  the  hydrochloride  of  the  base 
and  of  auric  chloride,  a  precipitate  consisting  of  minute,  ochreous 
needles  separates  out.  An  attempt  to  dry  the  salt  in  the  water-oven 
showed  that  it  had  a  low  melting  point,  so  a  specimen  was  dried  at 
the  ordinary  temperature  under  a  desiccator  and  then  analysed. 

0-2986  gave  010  Au-^33-49  per  cent. 

01374     „     5-5  c.c.  moist  nitrogen  at  13-7° and 758-9  mm.  N-4-71. 

Ci^H,^N2,HAuCl4,2H20  requires  Au  =  33-63  ;  N-4-79  per  cent. 

Some  of  the  hydrated  salt  was  dried  in  a  porcelain  crucible  in  the 
water-oven  until  constant  in  weight. 

0-2817  lost  0-0088 -3-12  per  cent. 

0-2074    „    0-0066-318 

The  latter,  after  drying  -0-2008,  gave  0-0699  Au- 34-81. 

CmHj^N^HAuCI^.HjG  requires  Au-34-70;  H,0-317  i»er  tout. 
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The  exi  f  hydrato*  <}oiiM»iiiiug   uua  ami   iwo    moioouion    of 

waUr  r^.  havinfr  b^n  MUblMlMd  bj  Um  fdrsgoiof  maudfwm, 

^n   n'  expel  the  last  molecule    bj   drying   at  a 

highci         J   :  .   .    .  .  IIO^,  the  loss  was  greater  than  is  required 

by  theory  for  two  molecules  of  water,  namely,  7'77  and  7*97  (in  two 
s)  instead  of  612,  so  that,  at  thin  temperature,  Um 
I  proceeds  further  than  mere  dehydrAlion.  The  original 
(hydrated)  aurichloride  is  soluble  in  alcohol,  and  is  precipitated  on 
dilutii  J  *'  '  *ioD  with  water  as  a  red  oil,  which  slowly  solidifies  to 
a  cr V  The  melting  point  is   113°  with  previous  soften- 

ing.    Wi  0(1  to  its  melting  point,  the  salt  fuses  to  a  red  oil, 

which  —^  t  slowly  when  cold. 

/V  -This  salt  separates  in  the  form  of  small,  ochreous 

scales  ou  mixing  solutions  of  the  hydrochloride  of  the  base  and  of 
platinic  chloride.  A  specimen  dried  in  a  desiccator  at  the  ordinary 
temperature  furnished  the  following  results  : 

01600  gave  0  0344  Pt»21-5. 

2C,^Hj^N,,H,PtCle,4HjO  requires Pt« 21-69  percent. 

0*4838  dried  in  the  desiccator  and  heated  till  constant  in  the  water- 
oven  lost  00 196  =  405  per  cent.  This  corresponds  with  a  loss  of  two 
molecules  of  water. 

2C,^Hj^N^H,PtC1^4H,0-2H,0  requires  a  loss -40  per  cent 

The  above  specimen,  dried  at  100°,  furnished  the  following  results : 

0-2999  gave  00672  Pt  =  22-41  per  cent. 

0-0972     „     5-45  c.c.  moist  nitrogen  at  14-5°  and  7627  mm.  N  -  6-59. 

2Ci^H„N,,H^tCle,2H,0  requires  Pt-22-49 ;  N-6-48  per  cent. 

The  hydrate  containing  two  molecules  of  water  undergoes  a  further 
loss  of  one  molecule  when  heated  in  an  air-bath  to  130°. 

0-3667  lost  0-0074  H,O  =  2-02. 
2Ci^Hi^N^H,PtCV2H,0-U,0  requires  a  loss  -208  per  oeni. 

The  above  monohydrate  gave  the  following  results : 

0-1992  gave  00459  Pt-23-04. 

01 100     „     6  7  c.c.  moist  nitrogen  at  178°  and  765-6  mm.  N  -  6-98. 
2CuH,^N„H,PtClj,H,0  requires  Pt-  2299  ;  N  -662  per  cent 

Dehydration  could  not  be  carried  further  without  decomposing  the 
salt.  The  hydrate  obtained  by  drying  in  the  water-oran  (eootaining 
two  molecules  of  water)  has  a  decomposing  point  of  aboot  232—236°. 
The  existence  of  thi«e  definite  hydrates  containing  one,  two,  and  four 
molecules  of  water  respectively  is  esUblished  by  Umso  retails. 
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The  mercuricldoride  separates  on  mixing  solutions  of  the  hydro- 
chloride of  the  base  and  of  mercuric  chloride.  It  is  oily  at  first,  bat 
slowly  solidifies  to  a  mass  of  white  needles.  The  analytical  results  did 
not  lead  to  any  definite  formula,  but  the  examination  of  this  salt  will 
be  carried  further  when  more  of  the  ^-ethyl  derivative  has  been 
prepared. 

Comparative  Study  of  tJie  Isomeric  Ft/ienyldiaminonapfUhalenes, 

The  only  anhydro-base  of  this  composition  hitherto  described  is  that 
which  we  have  associated  with  the  name  of  Prager  (Ber.j  1885,  18, 
2161).  It  has  already  been  slated  in  a  former  paper  (Meld ola  and 
Eynon,  Trans.,  1900,  77,  1170)  that  the  replacement  of  the  NH, 
group  by  hydrogen  in  Markfeldt's  ethenyltriaminonaphthalene  appar- 
ently gave  rise  to  the  formation  of  Prager's  ethenyldiaminonaphthalene. 
This  observation  we  are  now  enabled  to  confirm,  having  repeated  the 
experiment  on  a  larger  scale,  and  made  a  further  study  of  the  product. 
The  iV^-methyl  derivative  of  this  ethenyldiaminonaphthalene  has  been 
recently  described  by  Otto  Fischer  {JJer.,  1901,  34,  935),  to  whom  we 
are  indebted  for  specimens  of  the  base,  which  he  was  good  enough  to 
send  at  our  request  for  the  purpose  of  comparing  with  our  own 
preparations.     The  melting  point  is  143 — 144°. 

The  base  used  in  the  present  investigation  was  prepared  by  the 
reduction  of  a-nitro-^-acetonaphthalide  according  to  the  method  of 
Liebermann  and  Jacobson  (Annalen,  1882,  211,  67),  this  method,  after 
we  had  established  the  identity  of  Prager's  base  with  that  obtained 
from  Markfeldt's  ethenyltriaminonaphtlialeoe,  having  been  found  to 
be  the  most  convenient.  We  have  proved  incidentally  that  a-nitro- 
/3-acetonaphthalide  gives  the  same  anhydro-base,  whether  reduced  by 
tin  and  hydrochloric  acid  or  by  iron  and  hydrochloric  acid. 

To  the  properties  of  the  base,  as  described  in  pievious  papers  by 
other  investigators,  we  can  make  the  following  additions  and 
corrections. 

The  melting  point  of  the  pure  picrate  is  253—254*',  as  corrected  by 
reference  to  the  short-stemmed  standard  thermometer  having  the 
Berlin  certificate.  Softening  takes  place  before  actual  fusion,  so 
that  the  melting  point  assigned  by  Lellmann  and  Reuy,  2i2°  (Ber.^ 
1886,  19,  801)  is  probably  the  softening  point.  The  compound  is 
sutliciently  acid  to  form  a  silver  salt,  which  is  precipitated  in  a 
gelatinous  form  on  mixing  an  alcoholic  solution  of  the  base  with  an 
ammoniacal  solution  of  silver  nitrate.  This  iV-silver  salt,  when  dry,  can 
be  used  for  the  preparation  of  the  ^V-alkyl  derivatives,  but  the  yield  by 
this  method  is  not  so  good  as  when  the  alkylation  is  effected  by  heating 
the  base  with  an  alcoholic  solution  of  the  alky]  iodide. 
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TbtMnNNoltf  it  pr9ci|Mv«u^i  .■  f  minaU,  «  r' 

on  mixiiif  tolotions  of  the  amU^  And  |K>t.i 

Vftor   beiDf  eollMtod,  washed  witb  w*U)r,  and   dried   at   100^»  ibe 
lollowing  resolti  were  obUined : 

0 3869  gave  0-0992  Cr,0,.     Cr -  1 755. 

01S36    „    9*6  cc.  moist  nitrogen  at  9*5'' and  772*5  mm.     K*9'46. 
C„H,oNyH,CrO^  requires  N  -  935  ;  Cr  - 17*35  per  cent. 

This  chromate  has  no  definite  melting  or  decompo<«iag  point.  The 
V-mutAyi  derivative  was  prepared  by  the  action  of  methyl  iodide  oo 
the  dry  ^V-silver  salt  in  the  usnal  way,  and  also  by  heating  the  base 
with  methyl  iodide  and  methyl  alcohol  in  a  sealed  tube  (Otto  Fischer, 
Bm-.,  1901,  34,  935).  The  pierais  of  this  base  separates  from  alcohol 
in  rosettes  of  yellow  oeedles.  The  melting  point  is  227— 228^  so  that 
the  difference  between  the  melting  points  of  the  picrates  of  the  isomeric 
bases  is  comparatively  trifling.  A  more  detailed  study  of  the  iV-ethyl 
derivative  was  accordingly  undertaken. 


V'EtKjfl  Derivative  of  Prager*8  EUienyldiaviiiiwiapfithalene. 

This  base  was  most  conveniently  prepared  by  the  direct  alkyUtion 
of  the  amidine  by  heating  with  one  molecular  proportion  of  ethyl 
iodide  di»8olve<l  in  alcohol  in  a  seeled  tube  in  a  water-bath.  The 
ethylation  of  the  ^V-silver  salt  gives  the  same  base,  but  the  yield  is  not 
so  good,  a  large  proportion  of  the  amidine  escaping  the  action  of  the 
alkyl  iodide.  The  free  base,  liberated  from  the  hydriodide  (which 
fteparates  out  in  the  form  of  white  needles  when  the  contents  of  the 
tube  are  cold)  and  purifled  by  repeated  solution  in  dilute  acid  and 
precipitation  by  sodium  hydroxide,  has  hitherto  only  been  obtained  in 
the  form  of  a  viscid  resin.  It  forms  a  hydrochloride,  Ci^Hi^N^fHCI, 
which  crystallises  out  slowly  in  white  needles  when  an  excess  of 
strong  hydrochloric  acid  is  added  to  a  strong  solution  of  the 
hydrochloride. 

Ckromate. — On  mixing  solutions  of  potassium  chromate  and  of  the 
acetate  of  the  base,  the  chromate  separates  at  once  in  minuU, 
ochteous  needlesL  After  drying  in  the  water-oven,  the  salt  deoompoeet 
at  199—203*'. 

01 105  gave  0*0264  Cr,0,.^  Cr-  16*36. 

0*0947  gavtf  7*25  c.c.  moist  nitrogen  at  12  1^  and  7491  mm.   N-8-93. 
C^Hj^NyHjCrO^  requires  Cr  - 15*87  ;  N  -  8  -55  per  cent. 

PicreUe.— This    salt    crysUllises   from   alcohol   in    yellow 
melting  at  248^ 
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0-0595  gave  815  c.c.  moist  nitrogen  at  15-6°  and  7527  ram.   N=  15-82. 
Ci^Hi^N2,C6H2(N02)3-OH  requires  N=  15-97  per  cent. 

Platinichloride. — This  salt  is  precipitated  as  a  micro-crystalline, 
ochreous  powder  on  mixing  solutions  of  the  hydrochloride  of  the  base 
and  of  platinic  chloride.  After  being  collected,  washed,  and  dried  in 
the  water-oven,  the  following  results  were  obtained  : 

0-3342  gave  0-0782  Ft  =  23-40. 

0-1334  gave  7-3  c.c.  moist  nitrogen  at  13-9°  and  7695  mm.     N  =  6-52. 
2(Ci4Hi4N2),H2PtClg  requires  Pt  =  23-47  ;  N  =  6-77  per  cent. 

Awichloride. — On  mixing  solutions  of  the  hydrochloride  and  of 
auric  chloride,  a  dense,  ochreous,  micro-crystalline  precipitate  is  formed. 
On  drying  in  the  water-oven,  this  salt  becomes  anhydrous. 

0-2893  gave  0-1038  Au  =  35-88. 

Ci4Hi4N2,HAuCl4  requires  Au  =  35*84  per  cent. 

The  salt  fuses  to  a  reddish  oil  under  boiling  water.  It  dissolves  in 
alcohol,  and  is  precipitated  by  water  in  the  form  of  minute,  ochreous 
needles.  The  dry  salt,  when  heated  in  a  capillary  tube,  begins  to 
shrink  at  about  142°;  between  145°  and  152°  it  gradually  becomes 
resinous  and  red  in  colour,  and  at  230°  decomposition  with  the  evolution 
of  gas  takes  place. 


Salts  and  Derivatives  of  Markfeldt*8  EihenyltHaininonaptittuderu. 

In  addition  to  the  salts  and  derivatives  of  this  base  described  in 
former  papers,  the  following  have  been  prepared  for  the  purpose  of 
bringing  out  any  further  characters  which  might  serve  to  distinguish 
the  isomerides. 

The  oxalate  is  prepared  by  boiling  the  free  base  with  dilute  oxalic 
acid  solution  ;  it  crystallises  out  in  nodular  rosettes  of  white  needles 
which  become  pink  on  exposure  to  the  air.  The  air-dried  salt 
was  analysed. 

0-0955  gave  9*55  c.c.  moist  nitrogen  at  14*6°  and  768*1  mm.   N- 11-85. 

0-0551     „     5-5   c.c.        „  „  15-4°   „    768    mm.   N- 11*78. 

Ci2HiiN8,C,Hj04,4H50  requires  N  -  1 1  72  per  cent. 

The  salt  undergoes  no  appreciable  loss  on  heating  in  the  water-oven. 
At  a  higher  temperature,  it  becomes  coloured,  owing  either  to  oxida- 
tion or  to  some  interaction  which  occurs  between  tbe  base  and  acid. 

Mercwrichloride, — This  salt,  prepared  by  mixing  solutions  of  the 
hydrochloride  of  the  base  and  of  mercuric  chloride,  consists  of  white 
needles  which  become  red  on  keeping.  It  has  no  definite  melting 
point,  but  decomposes  at  about  280^ 
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<^'1079  gav«  5*9   c.v.  i..v....v  i.,.iw^,  i,.«v  ...  .^   ^tmi  <  N«i6*&5. 

1307     n     6-95  cc  „  „         15  7**   .,    7  u     N-6S4. 

03762    „    0*3495  AgCl.     CI -23-57. 
01418    „    01397  AgOl.     CM -33*61. 

C„HijN,.3IiCI,HgC1^5H,0  requires  N  -  6*67 ;  CI  -  32'46  ptr  otai 

The  salt  only  lost  0*44  per  cent,  at  100^.  At  higher  temperatures, 
ii  beoomee  coloured  by  oxidation. 

AmMoyl  Derivative. — This  compound  was  briefly  deaoribed  in  the 
last  paper  (Trans.,  1900,  77,  1165),  but  as  its  melting  point  is  practi- 
cally the  same  as  that  of  its  isomeride  (Trano.,  1899,  75,  1015)  it  was 
eoQsidered  desirable  to  make  a  further  examination  of  the  product  of 
benaoylation  of  Markfeldt's  base  under  different  con<iitioo8.  The 
benroyl  derivative  was  originally  prepared  by  the  action  of  benzoyl 
iiloride  on  the  hydrochloride  of  the  base  in  the  presence  of  sodium 
bensoate  (Trans.,  1900,  77,  loc,  cit,).  We  have  therefore  prepared  for 
comparison  a  specimen  of  the  benzoyl  derivative  by  the  Schotten- 
Baumann  method.  The  two  products  proved  to  be  identical,  so  that 
no  disruption  of  the  amidine  ring  takes  place  under  the  influence  of 
benxoyl  chloride  in  presence  of  alkali ;  the  amioo-group  in  the  amino- 
amidinftH  of  this  series  thus  appears  to  protect  the  ring  in  question. 
The  breaking  down  of  the  amidine  ring  under  the  conditions  named 
would  give  rise  to  tribenzoyltriaminonaphthalene,  but  the  analyaes 
prove  that  this  compound  is  not  formed. 

The  benzoyl  derivative  of  Markfeldt's  base  is  more  basic  and  leei 
acid  than  its  isomeride.  A  specimen  was  prepared  for  analysis  by 
crystallisation  from  amyl  alcohol.  The  crystals,  consisting  of  dense, 
white  prisms,  were  washed  with  ethyl  alcohol  and  fiually  dried 
at  180°  to  ensure  expulsion  of  any  retained  traces  of  the  solvent. 

0*1043  gave  0*291 1  CO,  and  00464  H,0.     C  -  7613  ;  H  -  4*94. 
0*1014     „       12  cc.  moist  nitrogen  at  10°  and  762  mm.     N  -  1419. 

These  results  agree  with  the  formula  of  a  monobensoyl  derivative, 

C,H40-NHCioHj<^5>C-CH,  -  C^H.^ON,, 

which  requires  C -  75*75  ;  H  =  4*98 ;  N  =  13*95  per  cent. 

An  attempt  to  prepare  the  iV^thyl  derivative  of  the  acetyl  derivative 
of  Markfeldt's  base  by  the  action  of  ethyl  iodide  on  the  dry  stiver  salt 
led  to  a  negative  result,  the  wichanged  acetyl  derivative  being  reeovsred 
after  the  operation.  The  experiment  may  be  worth  repetition,  but 
the  result  shows  that  there  is  a  marked  difference  in  the  behaviour 
of  the  isomerides  so  far  as  concerns  the  facility  with  which  the 
hydrogen  of  the  14 H  group  can  be  replaced  by  alkyl  radicles. 
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Conversion  of  Ethenyltrianiinonaphthcdene  (M.  and  S.)  into  its  Isomeride 

(Markfeldt*8), 

Some  of  the  sulphate  was  suspended  in  alcohol,  basified  by  sodium 
hydroxide,  and  then  converted  into  hydrochloride  by  the  addition  of 
hydrochloric  acid.  The  alcoholic  solution  of  the  hydrochloride  was 
boiled  for  some  hours  in  a  flask  with  a  reflux  condenser  with  iron 
filing-^  and  hydrochloric  acid,  fresh  portions  of  iron  and  acid  being 
added  from  time  to  time  so  as  to  insure  a  continuous  reducing  action, 
as  in  the  process  originally  given  by  Markfeldt  for  the  preparation 
of  his  ethenyltriaminonaphthalene  (Ber.f  1898,  31,  1174).  After  dis- 
tilling off  the  alcohol,  the  solution  was  filtered  and  acidified  with  excess 
of  sulphuric  acid.  The  sulphate,  which  crystallised  out  on  cooling, 
was  purified  by  crystallisation  from  water  and  gave  Markfeldt'samino- 
amidine  on  basification.  This  was  proved  by  the  melting  point  of  the 
hydrate  (84—85°)  and  of  the  anhydrous  base  (135—136°),  as  well  as 
by  conversion  into  the  phenylazo-compound  of  m.  p.  223 — 224°(Meldola 
and  Eynon,  Trans.,  1900,  77,  1160,   1167).* 

This  result  appeared  to  suggest  that  Markfeldt's  base  might  be  the 
final  product  of  reduction  of  our  (M.  and  S.)  base  and  that  the  latter 
was  the  first  stage  of  the  reduction  of  diuitro-a-acetonaphthalide.  In 
order  to  test  this  point,"some  dinitro-a-acetonaphthalide  was  reduced  in 
alcohol  with  iron  and  hydrochloric  acid  in  the  usual  way,  only  instead 
of  continuing  the  reduction  by  heating  with  iron  and  acid  for  some 
hours,  as  in  Markfeldt's  process,  the  operation  was  stopped  as  soon  as 
reduction  was  complete,  as  indicated  by  the  disappearance  of  the  dinitro- 
compound  owing  to  its  passing  into  solution  as  aminoamidine.  The 
solution,  on  filtration,  removal  of  the  alcohol  by  evaporation,  and  isola- 
tion of  the  araidine  as  sulphate,  gave  Markfeldt's  compound,  so  that 
prolonged  reduction  is  not  essential  for  the  production  of  this  modifi- 
cation. Whether  the  action  of  iron  is  specific  or  whether  other  metals 
of  the  iron  group  give  the  same  result  must  be  determined  by  further 
investigation.  One  experiment  has  been  made  in  which  2  :  4-dinitro-a* 
ace tonaph thai ide  was  reduced  in  the  usual  way  with  zinc  and  hydro- 
chloric acid.  In  this  case,  the  sulphate  of  our  (M.  and  S.)  base  was 
obtained.  Another  experiment  with  5  per  cent,  sodium  amalgam 
proved  that  the  M.  and  8.  base  does  not  undergo  isomeric  transforma- 
tion under  the  influence  of  this  reducing  agent.  Some  of  our  sulphate 
was  suspended  in  alcohol  and  boiled  for  7 — 8  houra  with  an  excess  of 
the  amalgam,  the  solution  being  kept  slightly  acid  by  the  occasional 
addition  of  dilute  acetic  acid.     The  suspended  sulphatei  on  being  basi- 

*  The  melting  point  given  in  tlie  former  pAi>er,  namely,  220 — 221*,  wis  unchecked 
by  reference  to  the  •bort>8temmed  tandard  thermometer. 
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fttd  bj  ib«  todiuin,  nt  once  (iiiwoivoff,  M>  that  th*  •ZptriOMIItikl  oondi- 
IkMM  1^7  be  dMoribed  as  ihe  aoiioD  of  ■oditun  aaajgaa  ott  Um  aailaU 
of  ibo  bate  in  prawnoe  of  aoatio  aotd.  The  eulphate  reoofered  after 
thia  tnatment  proved,  as  already  stated,  to  be  that  of  the  unehaoged 
base.  This  was  shown  bj  its  readj  solubility  in  water  and  bj  Uie 
formation  of  the  eharacterixtio  phenylaso-oompound. 

The  oonditions  determining  the  isomerio  change  in  this  remarkable 
and  apparently  unique  case  will  be  made  the  subject  of  further  inquiry 
when  the  oonstitational  formula  have  been  definitely  proved.  We 
may  add  that  the  reverse  change,  namely,  Markfeldt'tf  into  the  isomerio 
(M.  and  8.)  aminoamidine  ban  not  yet  been  found  possible.  The  possi- 
bility of  one  form  being  a  polymeride  of  the  other  has  also  been  kepi 
in  mind,  but  no  compounds  suitable  for  the  determination  of  the 
molecular  weight  had  been  obtained  until  the  experiments  described 
in  this  paper  were  carried  out.  The  iV-alkyl  derivatives  of  the  aroidioes 
well  adapted  for  this  purpose  as  they  are  sufficiently  soluble  in 
and  are  free  from  attached  or  combined  water. 


The  expenses  incurred  in  connection  with  this  research  have 
partly  met  by  a  grant  from  the  Government  Grant  Fund  of  the  Royal 
Society.  We  desire  also  to  acknowledge  the  assistance  given  by  the 
*'  Badische  Anilin-  und  Soda-Fabrik  "  of  Ludwighhafen  and  by  Messrs. 
Leopold  Cassella  and  Co.  of  Frankfort,  these  firms  having  kindly 
supplied  us  with  some  of  the  raw  materials  required  for  the  investi- 
gation. 
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CXVII. — Polythioitnlphonic  Acifls  of  p-Diamities, 

By  AsTHUB  Gbobgb  Grebm  and  Aariiua  Gbobob  PaaKiii. 

Since  the  discovery  of  Vidal  black  in  1896,  a  Urge  class  of  eolouring- 
matters  has  become  known,  the  members  of  which  are  obtained  by 
heating  aromatic  compounds  of  the  meet  varied  nature  with  the  sodium 
polysnlphides.  The  dyestuffs  o  this  class,  which  sre  known  as 
<*  Sulphur "  or  '*  Sulphide  "  colours,  v^ry  in  shade  from  black  and 
brown  to  bine,  dark  green,  and  dull  yellow.  Tbey  posssm  in  common 
certain  characteristic  properties.  They  are  insoluble  in  water,  but 
dissolve  in  a  solution  of  sodium  sulphide.  From  this  solution,  which 
appears  to  contain  the  dyesikfif  in  a  reduced  or  "  leuco  "  oondition, 
nnmordanted  cotton  is  dyed  -Erectly,  the  shades  obtained  being  remark- 
VOL.  LXXXIII.  *  M 
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able  for  their  extreme  fastness  to  washing,  light,  and  dilute  acids. 
The  most  important  members  of  the  class  are  those  which  dye  black 
shades,  and  these  are  now  employed  in  very  large  quantities  in  cotton 
dyeing.  These  black  dyestuffs  are  obtained  by  heating  with  sodium 
sulphide  and  sulphur  various  aminohydroxy-derivatives  of  diphenyl- 
amine,  such,  for  instance,  as  diaminohydroxydiphenylamine, 

NHj-/     VnH-<^     N-OH. 

In  spite  of  the  commercial  importance  which  these  colouring  matters 
have  attained,  it  is  remarkable  that  at  present  very  little  is  known 
regarding  their  constitution. 

Five  years  since,  one  of  the  authors  of  this  communication 
commenced  a  long  investigation  on  sulphide  blacks  with  the 
hope  of  discovering  a  synthetical  method  for  their  preparation 
which  would  give  an  indication  of  their  constitution,  and  at  the  same 
time  form  the  basis  of  a  less  empirical  process  for  their  manufacture. 
This  investigation,  the  results  of  which  are  recorded  in  the  specifica- 
tions of  English  patents  numbered  21832  of  1898,  22460  of  1898, 
22847  of  1898,  5039  of  1899,  18658  of  1899,  and  4792  of  1900,  was 
carried  out  in  the  laboratory  of  the  Clayton  Aniline  Co.,  Manchester, 
in  collaboration  with  A.  Meyenberg.* 

Starting  from  the  view  expressed  by  Raymond  Vidal  that  the  sulphide 
blacks  should  be  regarded  as  polythiazines  constituted  on  the  type 

attempts  were  made  to  synthesise  substances  of  this  type  in  a  manner 
analogous  to  that  employed  by  A.  Bernthsen  for  the  synthesis  of 
methylene  blue.  Just  as  Bernthsen  obtained  the  latter  by  the  oxida- 
tion of  a  dimethyl-/>phenylenediaminemonothiosulphonic  acid  with  a 
monamine,  so  it  was  thought  possible,  assuming  Vidal's  formula  to  be 
correct,  that  the  then  unknown  dithiosulphonic  acid  of  />-phenylene- 
diamine  would  give  by  oxidation,  in  the  presence  of  monamines,  black 
colouring  matters  of  the  sulphide  class.  This  anticipation  was  so  far 
substantiated  by  experiment  that,  on  operating  in  this  manner,  a  large 
series  of  black  and  brown  colouring  matters  was  obtained  which 
possessed  the  general  dyeing  properties  of  sulphide  dyestuffs.  Con- 
trary to  expectation,  however,  they  proved  to  be  chemically  distinct 
from  any  known  members  of  the  sulphide  class,   from   which  they 

*  To  this  gentleman  and  to  other  chemists  of  tho  Clayton  Aniline  Co.  we  desira  to 
acknowledge  oar  indebtedness  for  a  portion  of  the  results  here  described. 
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differwl  ooDsidermbly  in  their  foeblor  aflinity  for  cotton  and  their  Ummr 
fasUMM  to  washing.  The  cause  of  this  differenot  still  rwBnins  an- 
explained,  but  there  is  reason  for  believing  that  these  ntw  oolonriiig 
matters  derived  from  polythioAulphonic  acids  are  not,  as  was  at  first 
belieTed,  polythiasines  or  sulphydro-derivatives  of  these,  but  are 
more  probably  sulphydro-  (SH)  or  thiosulpho-  (S*80,H)  darivatiTes 
of  insoluble  dyestuffs  of  the  aniline  black  class  (complex  indaminesi). 
In  view  of  the  enormous  diversity  of  the  organic  compounds  (ranging 
from  sawdust  and  fats  to  naphthols  and  derivatives  of  diphenylamine), 
which,  on  reaction  with  alkaline  poly  sulphides,  give  rise  to  sulphide 
dyestnffs,  the  view  has  recently  gained  ground  that  it  is  impossible  to 
attribute  the  peculiar  dyeing  properties  of  these  colouring  matters  to 
their  nudeal  structure,  and  that  these  properties  must  be  referred  to 
the  common  presence  of  the  sulphydro-group  (SU)  in  all  these  (other- 
wise differently  constituted)  substances.  By  virtue  of  this  group,  the 
dyestuff  (the  parent  compound  of  which  is  insoluble)  is  rendered 
soluble  iu  water  containing  sodium  sulphide,  and  from  such  a  solution 
cottonisdyed  by  the  atmospheric  oxidation  of  the  soluble  -SNaderivative 
to  the  insoluble  -S-S-  derivative,  just  as  cotton  is  dyed  with  indigo  from 
an  alkaline  solution  of  leucindigo.  Therefore,  in  spite  of  their  similar 
dyeing  properties,  the  products  derived  from  poly thiosul phonic  acids 
may  have  a  different  nucleal  structure  to  those  obtained  by  the  action 
of  alkaline  polysulphides  on  derivatives  of  diphenylamine,  and  only 
share  with  the  latter  the  common  possession  of  the  SU  groups.  The 
reaction  is  capable  of  the  widest  possible  variations,  thus,  as  described 
in  the  above-mentioned  patent  specifications,  not  only  do  the  dithio- 
solphonic  acids  of  /Miiamines  give  rise  by  oxidation,  in  the  presence 
of  monamines,  or  with  diamines,  or  with  mixtures  of  such  amines  and 
phenols,  to  dyestuffs  of  this  class,  but  the  latter  are  aho  formed  in  a 
similar  manner  from  p-pheoylenediaminetetrathioHulphoDic  acid. 

All  these  colouring  matters,  like  those  obtained  by  the  polysulphide 
reaction,  are  black,  amorphous  powders,  incapable  of  being  purified 
sufficiently  for  analysis.  The  intermediate  products,  however,  the 
polythiosulphonic  acids  of  the  /niiamines,  of  which  several  were 
obtained  in  the  course  of  the  above  investigation,  are  well-crystallised 
compounds  readily  capable  of  purification. 

A  further  description  of  some  of  these  interesting  compounds  and 
their  doeer  characterisation  is  the  object  of  the  present  communica- 
tion. Up  to  the  present  only  monothiosulphonic  acids  have  been 
described.  For  the  preparation  of  polythiosulphonio  acids  of  the 
^Mliamines,  the  same  method  was  followed  as  that  need  by  Bemthsen 
for  obtaining  the  monothiosulphonic  acids,  with  the  exception  that  a 
larger  molecular  proportion  of  thiosulphate  and  a  corresponding 
proportion  of  the  oxidising  agent  were  employed.     It  is  remarkable 

4  M  2 
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that  it  is  possible  in  this  way  to  replace  the  whole  of  the  nucleal 
hydrogen  in  /j-phenylenediamine  by  S'SO.jH  groups,  thus  forming  a 
tetrathiosul  phonic  acid,Cg(S*S03H)^(NH2)2.  Owing  to  the  presenceof  the 
S'SOjjH  groups  in  ortho-positions  with  respect  to  the  amino-groups,  the 
^phenylenediaminedithiosul phonic  acid  exhibits  several  characteristic 
condensations.  Thus,  with  nitrous  acid,  it  give  a  stable  bisdiazosulphide, 

CgH2(<^  I  ^\j  with  organic  acid  anhydrides,  or  with  aldehydes,  it  gives 

anhydro-derivatives,  thus : 

OoHj(<^>C-CH3),    or   C„h/<^>C-C,H,)2. 

On  boiling  the  dithio-  or  tetrathio-sulphonic  acid  of  />-phenylene- 
diamine  with  aqueous  acids,  sulphurous  and  sulphuric  acids  are  split 
off,  and  yellow  or  red  salts  of  sulphide   bases  are  obtained.     These 

appear  to    have    the    formulae   CgH2(NH2)2*Cg  and  o^Cg{NH2)2'=^^. 

These  bases  are  of  dark  colour,  insoluble  in  water  and  other  solvents, 
but  dissolve  in  an  aqueous  solution  of  sodium  sulphide,  in  which  respect 
they  resemble  the  sulphide  colours.  They  are  reconverted  into  the 
respective  polythiosulphonic  acids  by  prolonged  treatment  with  sul- 
phurous acid  in  presence  of  air.  On  reduction  with  zinc  dust,  the 
/)-phenylenediaminedithiosulphonic  acid  gives  rise  to  the  dihydro- 
sulphide,  C,H2(NH2)2(SH).^. 

From  the  formation  of  the  above  condensation  products,  it  must  be 
concluded  that  in  the  dithiosulphonic  acid  each  S^Ogll  group  occupies 
an  ortho-position  with  respect  to  a  different  amino-group,  and  these 
radicles  are  therefore  probably  in  the  para-position  to  each  other. 


i^'PlienylenediaminfidWdosidpf ionic  A  cid, 


NH, 


A 


S-SO,H 


HOjS-Si^^ 

For  the  preparation  of  this  compound,  the  following  method  was 
found  to  give  the  best  yields.  A  solution  of  54  grams  of  />-phonyIene 
diamine  in  250  c.c.  of  water  and  268  grams  of  glacial  acetic  acid  was 
mixed  with  a  large  quantity  of  finely-chopped  ice  and  treated  quickly 
with  a  slightly  alkaline  solution  of  sodium  thiosulphate  and  sodium 
chromatc,  prepared  by  dissolving  133  grams  of  sodium  bichromate  in 
250  O.C.  of  water,  neutralising  with  caustic  soda,  and  adding  500 grams 
of  sodium  thiosulphate  dissolved  in  750  cc  of  water.     The  reaction 
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miziare  wm  nearly  oeutraliMd  with  oaiuUo  soda  and  500  grams  of 

poUasiom  chloride  were  added.     After  two  dajn,  the  greeniah  preotpi- 

Uie^  which  had  separated,  was  disaoWed  ia  boiling  water,  the  eolatkNi 

rendered  alkaline  with  potassiom  oarbonate,  filtered  from  ohrominm 

hydroxide,  and  the  filtrate  again  saturated  with  potassium  chloride. 

The  potassium  salt  of  the  dithio«ulphonio  acid,  which  crystallised  oat 

on  cooling,  was  further  purified  by  recry stall isation  from  hot  water 

containing  potassium  carbonate  and  animal  charcoal.     The  complete 

removal  of  the  la&t  traces  of  chromium  was  difficult,  and  could  only 

be  accomplished  by  the  employment  of  both  these  agents  together ;  the 

yield  was  46  grams.     The  purified  salt  is  obtained  in  yellow,  priiimatio 

needles  somewhat   readily   soluble   in   water,  much   less  soluble   in 

presence  of  potassium  chloride  ;  it  contained  water  of  crystallisation 

and  gave  on  analysis  : 

CalcnUted  for 
Fotmd.         CgH^NH^S,0,K>„2H,0. 

H^(»  8-9  81 

S   29-8  29-8 

K 17-3  17  5 

From  a  strong  aqueous  solution  of  the  potassium  salt,  acetic  acid 
precipitates  an  acid  potassium  salt ;  hydrochloric  acid,  on  the  other 
hand,  yields  the  free  dithiosulphonic  acid  in  nearly  colourless,  glii^tening 
pnsms.  The  latter  is  easily  soluble  in  water,  and  contains  2  molecules 
of  water  of  crystallisation  : 

Found  H,0 - 946.  Calculated « 9*78. 

When   dried   at   110^,   the  acid   gave  on   analysis   the   following 

numbers: 

CalcaUted  for 
PoodU.  C.lf^NII,>^S,0,H)^ 

C  ..  ..     21-88  21-68 

If  ..       2  55  2-41 


p-PkmyUmMadiazotulpkidSt 

n:n 

,8 


This  compound  is  formed  quantitatively  by  the  action  of  nitrous 
add  on  the  dithiosol^ionio  acid.  A  cold  aqueous  solution  of  the 
potassium  salt,  when  ^^^^^^  with  acetic  acid  and  treated  with  a 
solution  of  sodium  nitrite  (2  mols.),  yielded  a  colourless,  crystalline 
precipitate,  which  was  collected  and  recrystaHised  from  acetic  add. 
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The  product  formed  colourless,  prismatic  crystals,  sparingly  soluble 
in  cold  acetic  acid ;  the  yield  was  44*89  per  cent.,  the  calculated 
amount  being  47'54.  It  melts  at  224 — 226°  with  decomposition,  and 
slightly  above  this  temperature  explodes  with  some  violenca  On  this 
account,  it  was  analysed  by  adding  a  weighed  quantity  of  sulphuric 
acid  to  the  substance  in  the  platinum  boat. 

Calcnliited  for 
Found.  C«H2(N2S)^ 

C 3711  3711 

H 1-31  1-03 

N 2911  28-87 

S 33-09  32-99 

An  estimation  of  the  amount  of  sodium  nitrite  required  for  the  pro- 
duction of  this  substance  from  the  potassium  dithiosulphonate  gave 
33-52 ;  theory  for  2NaN02,  33*82  per  cent. 

The  reaction  therefore  takes  place  according  to  the  equation : 

OeH2(NH2)2(S-S03H)2  +  2HNO2  =  CqJI^{1^^^)^  +  2H3SO^  +  2H,0. 
Diet/ieni/l-2  :  b-distUphT/dro-p-diaminobenzene^ 

n:c-ch. 

■  p  ■ 

OHg-CIN 

One  and  a  half  grams  of  the  dithiosul  phonic  acid  were  heated  for  a 
few  minutes  with  15  grams  of  acetic  anhydride  and  a  few  drops  of 
sulphuric  acid.  On  pouring  the  solution  into  water,  a  colourless  pre- 
cipitate separated,  which  was  collected  and  dried.  As  the  elimination 
of  the  SO3H  groups  did  not  seem  to  be  quite  complete,  the  product  was 
heated  to  180°,  when  effervescence  occurred,  and  it  lost  10  per  cent, 
in  weight.  Finally,  it  was  crystallised  from  alcohol  with  the  addition 
of  animal  charcoal.  The  product  forms  colourless  needles  readily 
soluble  in  hot  alcohol  and  benzene  ;  it  melts  at  98 — 100°  and  possesses 
feebly  basic  properties.     On  analysis,  it  gave  the  following  numbers  : 


Calonlatod  for 

Found. 

CH,(N^C-CH,), 

54-24 

54*54 

400 

3-64 

12-83 

12*72 

29*56 

29-09 
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TIm  oompoiuid  it  therefore  formed  eooording  to  the  eqoatloo : 
CH^NHJ^-80,H),  +  2(0H,-C0),0  - 

C,H^<^>C-CH3),   +   2CH,-CJOTT         2H/K),. 

N:c-Ceii 


Q 


P 


A  solution  of  1  gram  of  the  potassium  dithiosulpbonaU)  in  10  eA 
of  water  was  treated  with  15  c.c.  of  acetic  acid,  and  to  the  boiling 
eolation  5}  c.c  of  benzaldehyde  were  added.  The  nearly  colourleee, 
erjetalline  precipitate  which  separated  melted  slowly  with  evolution 
of  giks  (from  185°  to  228°),  and  appeared  to  contain  an  admixture  of 
the  intermediate  product,  benzylidenephenylenediaminedithiosulphonic 
add.  It  was  therefore  heated  at  230—240°  for  about  half  an  hour, 
and  then  crystallised  from  amyl  alcohol  containing  animal  charooaL 
The  product  now  melted  at  232—234°  and  crysUllised  in  very  pale 
straw-coloured  needles.    On  analysis,  it  gave  the  following  numbers  : 

CdcnUtcdfor 
Foimd.  C,H,(^)C-C,H.^^ 

0  69-65  69-76 

H                3-14  S-48 

N  8-24  8-14 

S  18-31  18-60 

If  the  reaction  is  allowed  to  proceed  in  the  cold  with  the  employ- 
ment of  the  theoretical  proportion  of  benzaldehyde,  the  above- 
mentioned  intermediate  compound  appears  to  be  the  chief  prodoet^ 
and  separates  as  an  orange-coloured  precipitate  consisting  of  fine 
needles. 

The  reaction  probably  proceeds,  therefore,  in  two  stages : 

a,  C.H^H^S-SO,H),  +   2CeHj-CHO  - 

C^H,(N:CHCeHJ^8-80,H),  -i-  SH/). 

b.  C,H^N:CH-CeHj/s-80,H),  - 

C.H^<^>C-C,H,),  +  JH^^ 
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2 : 5-Di8ulphido'ip'ph€nyl&nediaminey 


s: 


KJ 


NHg 


On  digesting  a  boiling  solution  of  the  potassium  dithiosulphonate  with 
an  excess  of  hydrochloric  acid,  the  solution  becomes  yellow,  sulphurous 
acid  is  evolved,  and  a  crystalline  precipitate  gradually  separates; 
this  is  collected,  washed  successively  with  hydrochloric  and  acetic 
acids,  and  dried  at  100°.  The  yield  is  03  per  cent,  of  the  theoretical, 
the  product  consisting  of  small,  yellow  needles  having  the  formula 
C,H,S,(NH2)2,2HC1  : 

Found.  Calculated. 

C     300  29-63 

H    3-57  3-27 

N    11-52  11-52 

If  sulphuric  acid  is  employed  in  place  of  hydrochloric  acid,  a  crys- 
talline sulphate  results. 

On   treating  the  dihydrochloride  with  water,  it  loses  hydrochloric 
acid  and   is  converted  into  the  monohydrochloride ;    the  latter  was 
obtained   crystalline  in  the  form  of  minute,  ochre-yellow  needles  by 
boiling  the  dihydrochloride  with  pyridine. 
On  analysis,  it  gave  : 

Calcalateil  for 
Found.  CeH.ja,(NH5)2.HCM. 

C  34-19  34-91 

H  329  3-33 

By  the  action  of  ammonia  on  the  dihydrochloride,  the  free  base  was 
obtained  as  a  garnet-coloured,  amorphous  precipitate.  By  dissolving 
the  dihydrochloride  in  hot  aniline  and  adding  alcohol  drop  by  drop, 
the  base  can  be  obtained  in  minute,  glistening,  garnet-red  prisms ;  it 
melts  at  234 — 235°  with  decomposition,  and  is  soluble  in  boiling 
aqueous  sodium  sulphide  to  a  pale  yellow  solution.  On  analysis,  it 
gave  the  following  numbers  : 

Calcnlated  for 
Found.  C|H;3,(NH,)|. 

0 42-73  42-35 

H 4-22  3-53 

N 16-42  16-41 

B  37-20  37-64 
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A  MmiuAvivii  wAA  made  of  the  quantitj  ot  ■uipnuroiM  aod  luipli- 
ttio  Aeidi  ni  frM  on  boiling  the  dithioralphooio  add  with  aUiMf«l 

Found.        1  «ol.  proporUon. 
Sulphurous  Acid  19*54  SO-09 

'     Sulphuric  acid..  24*79  34*03 

The  formation  of  the  disulpbide  thorefore  takes  place  in  aoootdaiiM 
with  th«  equation : 

0,H,(NH,),(S-SO,H),  +  H,0  -  C.H,S,(NH,),  ^.  H^,  +  H^,. 


2 :  b-DUtUphyJrO'p-phsnj/Unediaminef 

This  product  was  obtained  by  reduction  of  the  dithiosulphonic  acid 
in  aqneons  solution  with  zinc  dust  and  hydrochloric  acid,  additional 
qoantitiea  of  the  acid  and  zinc  being  added  from  time  to  time  until 
hydrogen  sulphide  was  no  longer  evolved.  The  solution  (which  on  cool- 
ing deposited  crystals  of  the  hydrochloride  of  the  new  base)  was 
filtered  hot  and  treated  drop  by  drop  with  sodium  acetate  solution. 
After  filtration  from  a  small  quantity  of  a  green  impurity,  the  base 
was  thrown  down  as  a  white  precipitate  by  the  addition  of  a  further 
quantity  of  sodium  acetate  solution  and  heated  to  boiling  until  it 
became  crystalline.  After  washing  with  water  and  alcohol,  the  dried 
product  formed  small,  colourless  prisms  insoluble  in  water  and  alcohol, 
which,  on  exposure  to  air  or  on  prolonged  drying,  became  light  blue. 
Analysis  allowed  it  to  be  a  basic  zinc  salt  having  the  formula 

C,H^NH,)^SH)-S-ZnOH. 

Found. 

I.  If.  Cslcolatad. 

N 10*76  —  10^6 

8 25-43        24-89  25  24 

This  zinc  compound,  when  suspended  in  water  and  treated  with 
hydrochloric  acid  until  it  lost  its  crystalline  sttucture,  becaoM  coo- 
verted  into  the  dikydroddoride.  On  dissolving  the  precipitate  in  water 
and  adding  oieeei  of  hydrochloric  add,  the  dibydrochloride  separated 
in  glistening  leaflets,  which  were  readily  soluble  in  water,  but  nearly 
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insoluble  in   aqueous    hydrochloric   acid.     On   analysis,    it   gave  the 

following  numbers : 

Calculated  for 
Found.  C.Ha(NHa),(SH)^2HCl. 

N 11-45  11-43 

S 26-16  26-12 

The  base  was  readily  obtained  from  the  hydrochloride  by  adding 
sodium  acetate  to  its  hot  aqueous  solution,  preferably  in  an  atmosphere 
of  carbon  dioxide.  The  first  precipitate,  being  somewhat  dark,  was 
removed  ;  the  filtrate,  on  cooling,  deposited  large,  colourless  leaflets, 
which  were  washed  with  water  and  dried  at  100°.  The  base,  which  was 
sparingly  soluble  in  boiling  water,  melted  at  178 — 181°  with  decom- 
position ;  on  exposure  to  air,  it  gradually  became  dark  brown  owing 
to  oxidation. 

Analysis  gave  numbers  corresponding  with  the  formula 

CeH,(NH,),(SH),. 

Found.  Calculated. 

N  16-21  16-27 

S  36-45  37-20 


^P/ie^ii/lenediaminetetrathiosulphonic  A cid, 
NHg 

HOgS-s/^.S-SOgH 
HOgS-s'       JS-S0,H  • 

A  solution  of  54  grams  of />-phenylenediamine  in  440  grams  of  glacial 
acetic  acid  was  mixed  with  1200  grams  of  ice,  and  into  this  mixture, 
kept  rapidly  stirred,  were  then  run  simultaneously  from  two  tap 
funnels  in  equal  and  tolerably  rapid  streams,  solutions  of  750  grams 
of  sodium  thiosulphate  and  of  283  grams  of  sodium  bichromate,  each 
in  1200  c.c.  of  water.  From  the  resulting  clear  brown  solution, 
potassium  chloride  precipitates  the  potassium  tetrathiosulphonate  as 
a  crystalline  substance  having  a  bichromate-red  colour.  The  product 
was  collected,  washed  with  aqueous  potassium  chloride,  and  digested 
with  the  same  solution  at  its  boiling  point ;  the  yield  was  63  grams. 
The  salt,  which  now  had  the  form  of  lemon-yellow  needles,  was  recrys- 
tallised  from  water  with  the  addition  of  animal  charooal.  It  then 
formed  bright  yellow  needles  rather  less  soluble  than  the  potassium 
dithiosulphonate.  The  salt  also  crystallises  in  bright  orange-red 
needles,  which  change  yery  readily  into  the  more  stable  yellow 
form. 
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TIm  wmlU  when   dried  tX    100°,  gave   the  following   numbers  on 


I. 

II. 

r.  Ml      - 

c 

10-87 

— 

10  I  r, 

H 

0-63 

—. 

0  56 

N. 

3-70 

4-00 

305 

S 

3606 

3612 

nfiifi 

K 

21-87 

2204 

; 

The  free  ietrathioeol phonic  acid  is  colourless  and  readily  soluble  in 
wmtar.  On  treatment  with  nitrous  acid,  it  is  converted  into  atetraro* 
oompoand.  This  is  a  yellow,  crystalline  solid  easily  soluble  in  water, 
which,  on  the  addition  of  sodium  sulphide,  gives  a  scarlet-red  and  then 
a  Tiolei-bliie  coloration. 

A  determination  of  the  molecular  weight  of  the  potassium  tetra- 
Uuoeulphonate  by  titration  with  a  standard  solution  of  sodium  nitrite 
gave  the  following  result : 

1*4456  grams  of  the  salt  required  41*4  cc.  iV/10  nitrite  for  diazotisa* 
tioD.     Molecular  weight  found  -  698 ;  calculated  -  708. 

TelranUpkido-p-phtn^leHedimmme, 

8:/\:s 

ft*        !•«• 
NH, 

On  digesting  a  boiling  solution  of  the  potassium  tetrathiosulphonate 
with  concentrated  hydrochloric  acid,  the  solution  became  orange- 
ooloored  and  evolved  sulphur  dioxide,  while  the  hydrochloride  of  a  new 
base  gradually  separated  as  a  red,  amorphous  precipitate.  As  soon  as 
the  odour  of  sulphur  dioxide  had  disappeared,  the  mixture  was  poured 
into  water,  which  caused  the  decomposition  of  the  red  hydrochloride 
and  the  production  of  a  deep  black  precipitate  of  the  free  base.  This 
was  colleeted,  washed  with  water  and  dilute  ammonia,  and  dried  at 
160°.  The  product  forms  a  deep  indigo-blue  or  black  powder  insoluble 
in  all  the  usual  solvents,  but  dissolving  readily  in  aqueous  sodium 
sulphide  to  a  pale  greenish-yellow  solution. 

Od  analysis,  it  gave  the  following  numbers 


C. 
H 

N 


^ 

CklmUted  for 

PoomL 

C^^NH.V 

.10-98 

31*03 

1-90 

1*72 

11-75 

13-06 

53*8 

65-30 
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A  determinatiou  of  the  quantity  of  sulphurous  and  sulphuric  acid 
produced  on  boiling  the  tetrathiosulphonic  acid  with  a  mineral  acid 
gave  the  following  result : 

Fouud.  Theory  for 

I.  II.  2  mol.  proportions. 

Sulphurous  acid 21-01  2165  2315  per  cent. 

Sulphuric       „   3098  —  27-68       „ 

If  the  acid  employed  is  sulphuric  acid  instead  of  hydrochloric  acid, 
the  proportion  of  sulphurous  acid  evolved  is  higher,  being  22-23  per 
cent.  On  the  other  hand,  if  the  decomposition  is  performed  with 
hydrochloric  acid  at  a  higher  temperature  (200°)  instead  of  at  the 
boiling  point,  the  quantity  of  sulphuric  acid  is  increased  to  33*08  per 
cent.  It  thus  appears  that  a  varying  amount  of  the  sulphurous  acid 
is  oxidised  to  sulphuric  acid,  but  that  the  reaction  takes  place  sub- 
stantially according  to  the  equation  : 

Oe(NH2)2(S-S03H),  +  2H2O  =  CeS,(NH2)o  +  2H2SO3  +  2H2SO,. 

The  yield  of  tetrasulphide  base  obtained  also  corresponds  with  this 
equation,  being  33-93  per  cent.,  whilst  the  theoretical  yield  is  32-76. 

Attempts  to  prepare  a  tetrahydrosulphide  from  the  tetrathiosulphonic 
acid  by  reduction  with  zinc  dust  gave  an  ochre-yellow,  amorphous 
product  which  could  not  be  purified. 

D imethyl-^-pheni/hnediaminedithiosvIp/ionic  A cid^ 
NH2-CeH2(NMe2)(S-S03H)2. 

This  acid,  which  was  obtained  by  the  same  method  as  that  already 
described  for  the  unsubstituted  dithiosulphonic  acid,  is,  however, 
isolated  with  much  more  difficulty  on  account  of  its  greater  solubility, 
and  the  yield  is  therefore  small.  Tiie  potassium  salt  crystallises  in 
yellow,  transparent,  rhombic  plates  ;  the  free  acid,  wliich  is  colourless, 
differs  widely  in  its  properties  from  the  corresponding  monothio- 
sulphonic  acid  described  by  Bernthsen.  Thus,  instead  of  giving 
methylene  blue  when  oxidised  together  with  dimethylaniline,  it  pro 
duces  a  dark  blue,  bronzy  precipitate  which  is  insoluble  in  water  or  in 
aqueous  acids  or  alkalis.  Further,  with  nitrous  acid,  it  gives  a  clear 
solution,  and  with  a  solution  of  sodium  polysulphide  an  orange-red 
precipitate.  Like  the  above-described  >di-  and  tetra-thiosul phonic 
acids  of  />phenylenediamine,  when  oxidised  together  with  a  primary 
amine  or  diamine,  it  gives  rise  to  black  colouring  matters  which  belong 
to  the  '*  Sulphide  "class. 
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CXVIII.— 77if  Rotation  of  the  Menthyl  Esters  of  the  Iso- 
meric Chlorobenzoic  Acids, 

Bj  Julius  B.  Cobbn  and  Samuel  Hbnrt  CLirroRD  BRioot. 

la  Um  ooune  of  a  retearch  on  the  chlori nation  of  tohieoe  (Cohen  and 
Dakin,  Trans.,  1901,  70,  1111),  the  six  isomeric  dichlorobensoio  acids 
were  obtained  in  a  pure  state  by  methods  which,  although  itdiftqt, 
gare  without  difficulty  a  satisfactory  yield  of  each  of  the  iiiomerides. 

The  rotation  of  the  esters  produced  by  condensing  these  acids  with 
active  alcohols  seemed  likely  to  throw  some  light  on  the  effect  of 
position  isomerism  on  optical  activity — x  subject  about  which,  from 
lack  of  data,  our  knowledge  is  at  present  very  imperfect.  We  selected 
the  esters  of  menthol  as  being  most  suitable  for  the  purpose. 

Daring  the  progress  of  the  research,  a  paper  by  Tschugaeff  (J.  Hum. 
Ph^  Ckem.  Soc,,  1902,  34,  606)  appeared  giving  the  roUtion  of  the 
three  menthyl  bromobenzoates.  We  have  not  been  able  to  consult  the 
original  memoir,  but  the  figures  given  in  the  abstract  (Abstr.,  1903, 
ii,  1)  accord  in  the  main  with  those  obtained  by  us  from  the  correspond- 
ing monochloro-compouods  and  are  referred  to  below. 

In  preparing  the  chlorobenzoic  acids  and  the  corresponding  menthyl 
esters,  the  following  general  method  was  adopted.  The  acids,  obtained 
from  the  chlorotoluenes  by  oxidation  with  dilute  nitric  acid  in  sealed 
tubas,  were  purified  by  rocrystallisation  from  water  or  dilute  alcohol 
and  converted  into  the  acid  chlorides  by  the  action  of  phosphoros 
pentachloride.  The  products  of  this  reaction  were  separated  by  dis- 
tillation under  diminished  pressure,  the  phosphorus  oxychloride  being 
removed  by  heating  on  the  water-bath,  whiUt  the  acid  chloride 
was  obtained  at  higher  temperatures.  A  mixture  of  the  acid  chloride 
and  menthol  in  molecuUr  proportion  was  heated  in  the  oil-bath  at  about 
130 — 140°  until  the  evolution  of  hydrogen  chloride  ceased,  when  the 
product  was  made  slightly  alkaline  with  aqueous  sodium  carbonate  and 
distilled  in  steam  until  all  the  unaltered  menthol  and  menthyl  chloride 
wen  removed.  The  ester  was  isolated  from  a  chloroform  extract  of 
the  acidified  reeidne  after  dehydration  over  calcium  chloride  and 
removal  of  the  solvent  by  distillation  under  diminished  pressure. 
At  the  beginning  of  thsk  distillation,  a  small  quantity  of  solid,  which 
proved  to  be  the  free  aeio,  was  obaerved  in  the  distillate  from  some  of 
the  eaters;  but  the  decomposition  was  very  slight  and  did  not 
appear  to  affect  the  rotation  of  the  clear  liqtiid,  which  remained 
unchanged  after  being  repeatedly  redistilled 

The  esters  which  showed  signs  of  deoompo&itioa  were  invse  vt  me 
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o-  and  7;-chlorobenzoic  'acids  and  the  2:3-,  2:5-  and  3  :  4-dichloro- 
benzoic  acidp. 

Evidence  of  sberic  hindrance  is  very  clearly  indicated  in  the  case  of 
the  2  : 6-dichlorobenzoic  acid,  for  whereas  the  acid  chlorides  as  a  rule 
react  vigorously  with  menthol  at  135 — HO*',  no  reaction  occurs  with 
2 : 6-dichlorobenzoyl  chloride  until  the  temperature  reaches  180°, 
and  even  then  it  proceeds  very  slowly. 

The  following  table  gives  the  boiling  points  of  the  six  dichloro- 
benzoyl  chlorides. 


Dichlorobenzoyl 
chloride. 

b.  p. 

Pressure 
in  mm. 

Dichlorobenzoyl 
chloride. 

b.  p. 

Pressure 
in  mm. 

2-3 
2-4 
2-5 

140° 

150 

137 

14 
34 
15 

2-6 
3  4 
3-5 

142—143° 

159—160 

135—137 

21 
42 
25 

The  following  table  gives  the  boiling  points,  specific  gravities, 
specific  and  molecular  rotations  of  the  series  of  menthyl  esters, 
together  with  the  corresponding  constants  for  menthyl  benzoate, 
which  are  included  for  the  purpose  of  comparison. 


Ester. 


b.  p.  225° 

„     218- 
„     231- 


229 


Menthyl   o-ehlorobenzoate  ... 
,,  m-chlorobonzoato... 

,,         j!>-chlorobonzoato  ... 
,,  2  :  3-inchlorobcnzo- 

ate 

,,  2  :  4-dichlorobeiizo- 

ate 

,,         2  :  5-tlichloroben20- 

ate 

,,         2  :  6-dichlorobeuzo- 

ate 

„         8  :  4«dichlorobciizo- 

ate  b.  p.  244 

,,         8  : 5-dichlorobtnzo 


Hoilinj^  or 
melting  point. 


Pressure  l^^l'^^lj^ 

2074". 


\m.p. 


218- 

243- 

p.28- 

184- 


■219 
-232 


-219 
-245 
-  29 

-186 

-246 


80 
14 
20 

15 

15 
35 


ate 


223—226 


10870 
10822 
1  -0804 

1-1607 

11546 
11 590 


/    not      inCHCl, 
^distilled  solution 


benzoatc(Titchugaefr)  m.  p.  64 


86 
20 

-I 


M648 

1*1636 

in 
beniene 
solation 


[*]; 


-66-24° 
-80-45 
-80-60 

-52  67 

-6872 
-60-62 

\-84-4 

I 

-  6916 

-70  89 

1-90-92 


[MJf. 


-195° 

-286-9 

-287-8 

-172-9 

-209-6 
-199-4 

-118 
-227-6 
-288*2 
-286-8 


The  series  of  esters  was  analysed  by  estimating  the  quantity  of 
ohloriDe  present,  with  the  following  results  : 


MBHTaTL 
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Amay9$9  rf  M«  CMvnJbm^^nc  KtUn. 

I'orr^nUgc 

of  cblorin*. 

Kslrr 

SuhaUncQ 
Ukoii. 

fuund. 

■ 

KounJ. 

CalcuUtrU. 

Maothvl  ^^OiloiolMumte   

0-3630 

0-1285 

12-08 

12  04 

H^hloiobMiaiMte 

0-2502 

01284 

12  14 

;>-chlorobMUM»to  

0-2717 

01817 

n-98 

2:S-<Ueliloiobwnatc 

0-2038 

0  2687 

21-78 

21-66 

2:4-diehIoiolmiai»to 

0-27W 

0-2428 

21-44 

M      S :  SHlichloroboasMto 

0-2744 

0-2876 

21-40 

„      S  :  tftlichlorobenaoftte 

0*2550 

0-2286 

21-87 

M      8  :  4^ichlorobeiisoate 

0-2921 

0-2490 

21-08 

„      S  :  5^ichlorobeiuBMte 

0-2489 

0-2185 

21-70 

»i 

On  reference  to  the  properties  of  the  isomeric  dichlorobenzoic  esters, 
it  will  be  seen  that  the  2  :  G-compound  is  distinguished  from  the  other 
nomerides  by  its  high  melting  point ;  this  substance  is,  neyertheless, 
monomoleeolar  as  indicated  by  a  moleoalar  weight  determination  by 
the  cryoaoopic  method  in  benzena 


m 

W 

A< 

M. 

0-1031 

10-3 

0-15P 

331 

0-1016 

9* 

0-163 

303 

0-1113 

t* 

0-169 

319. 

Mean  of  3  experiments,  M  =-  318 ;  Cal.,  Cj7H„0,Cl,  requires  M  -  329. 

Owing  to  the  high  melting  point,  we  were  unfortunately  unable  to 
determine  the  rotation  of  the  melted  substance ;  moreover,  it  is  so 
slightly  soluble  in  all  solvents  that  it  was  impossible  to  obtain  strong 
solutions,  and  thus  calculate  the  rotation  of  the  pure  substance  by 
extrapolation.  We  had  to  be  satisfied  with  finding  the  rotation  in  a 
dUoroform  solution  containing  6-36  per  cent,  of  the  sabstanoe,  which 
gave  a  specific  rotation  of  [a]p^«  -  34-4°,  which  may  be  regarded  at  an 
approximation.  It  seems  reasonable  to  conclude,  however,  that  the 
rotation  would  be  low,  and  probably  much  lower  than  that  of  any 
of  the  other  compounds  of  the  series. 

The  order  of  magnitude,  beginning  with  the  ester  of  lowest  rotation , 
is  as  follows :  , 

2  : 6,  2  :  3,  ortbo,  2 :  5,  2  :  4,  3  : 4,  3  : 5,  phenyl,  meta,  para. 

Three  conclusions  may  be  drawn  from  the  above  experimental  data. 
(1)  The  greatest  effect  in  decreasing  the  rotation  of  the  nnsubetituted 
menthyl  ester  is  produced  when  the  halogen  enters  the  ortho-position 
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with  respect  to  the  ester  radicle ;  the  least  alteration  is  observed 
when  the  halogen  is  in  the  meta-  or  para- position,  the  introduction  of 
a  single  halogen  atom  in  the  latter  position  slightly  increasing  the 
rotation.  (2)  The  monohalogen  esters  accord  with  the  rule  laid  down 
by  Frankland  and  Wharton  (Trans.,  1896,  69,  1320,  1583),  and 
onfirmed  by  Guye  and  Babel  (Abstr.,  1899,  76,  ii,  719)  and  by 
Jschugaeff  (Abstr.,  1903,  84,  ii,  2),  and  follow  the  order: — ortho, 
phenyl,  meta,  para.  (3)  Two  halogens  attached  to  adjacent  carbon 
atoms  of  the  nucleus  (2  :  3  and  3  : 4)  produce  a  greater  effect  than 
either  halogen  singly. 

The  results  obtained  with  the  monochlorobenzoic  esters  show  a 
general  correspondence  with  the  monobromobenzoic  esters  examined 
by  Tschugaeff  (loc.  cit.). 


TschugaefF. 

[M]f. 

C.  and  B. 

[Mir. 

Menthyl  benzoato 

-236-3° 
-205-8 
-238-7 
-238-8 

Menthyl  benzoate 

-  236-3° 

,,      o-bromobeuzoate    

,,      w-bromobenzoate 

,,      p-bromobenzoate   

„       o-chlorobenzoate  

,,       7n-chlorobenzoate 

,,       p-chlorobenzoate 

-195  0 
-236-9 
-287-8 

When  compared  with  the  rotation  of  the  ortho-chloro-ester,  the 
number  for  the  ortho-bromo-ester  seemed  too  high.  We  therefore 
repeated  the  preparation  of  this  compound,  and  obtained  a  slightly 
lower  result,  namely,  [Mp'  =  -201-0°,  but  this  is  still  much  higher 
than  the  constant  for  the  chlorine  compound. 

In  regard  to  the  dichloro benzoic  esters,  it  is  of  interest  to  notice 
the  rotations  of  the  2  :  3-  and  2  : 5-e8ters.  In  both  compounds,  the 
chlorine  atoms  occupy  the  ortho-  and  meta-positions,  yet  they  show  a 
wide  difference  in  rotation.  Instead  of  the  rotations  being  approxi- 
mately the  same  and  lying  between  those  of  the  ortho-  and  meta- 
compounds,  the  constant  for  the  2  :  3-compound  is  much  lower,  and 
that  of  the  2  : 5-compound  is  slightly  higher,  than  the  value  obtained 
for  the  ortho-compound.  The  difference  might  be  attributed  to  the 
variation  in  the  position  of  the  centre  of  gravity  of  the  masses  in  the 
two  cases  according  to  the  theory  of  Guye,  but  the  low  rotation  of 
the  3  :  4-  and  3  : 5-isoraeride8  is  directly  opposed  to  the  principle  of 
the  lever-arm  (Frankland  and  Wharton,  loc.  ciL). 

A  careful  examination  of  the  results  obtained  by  different  observers 
on  the  effeqt  of  position  isomerism  on  optical  activity  leads  to  the 
conclusion  that  a  satisfactory  generalisation  based  on  existing  data 
has  yet  to  be  found. 

Tub  Yorksbirx  Collbob, 


ACTION  OP  NITRIC  ACI DOM  MITHTL  DUIITHTLACITO AGITATE.     1S17 

CXIX— 7^    Action    of  Nitric    Acid    an    Methyl 

Dimetfiylacetoacetate.^ 

Bj  W.  H.  P«WLiK.  Ph.D..  F.RA 

Tbi  fictt  experimeDts  od  the  aotion  of  nitric  acid  on  ethjl  aoetoAMtate 
appear  to  have  been  carried  oat  in  1883  by  Prdpper  (AnnaUn^  1884, 
2Si2,  48),  who  obtained,  at  the  product  of  the  action,  an  oil,  which  he 
named  **oxiininoaoetic  ester/'  and  to  which  he  gave  the  formalaC^U^OgN. 
In  the  year  1890,  Cramer  {B^r.^  23,  3496)  succeeded  in  preparing 
oximinoaoetie  acid  in  a  pure  state  from  glyoxylic  acid  bj  the  action  of 
hydroxylamine,CHO-00,H  +  NH,OH  -  CH(:N0H)-C0,H,  and  showed 
that  the  ethyl  ester  derived  from  this  acid  was  not  identical  with 
PHipper'e  compound.  When,  however,  ethyl  oximinoacetate  is  treated 
with  nitric  acid,  it  is  readily  oxidised  with  formation  of  ethyl  glyoxime- 
perozidedicarboxylate : 

CO^fCHINOH  C0,Et.C:N.9 

OO^fOHINOU  «        OO^f&NO   ^     ^ 

Or&nier  conclusively  proved  that  it  is  the  latter  ester  which  is  the 
snbetance  formed  when  ethyl  acetoacetate  is  treated  with  nitric  aoid 
under  the  conditions  employed  by  Propper.t 

That  the  aster  obtained  by  these  two  different  methods  has  the  eon- 
■titotion  given  to  it  by  Criimer  was  subsequently  confirmed  by  Walter 
Beekh  (Bsr.,  1897,  30,  152),  who  obtained  the  same  ester  from  ethyl 
diojdminosuccinate  by  treatment  with  nitric  acid  : 


,Et.6:N0H  •*'  ^  "  co,Eti:No  "*"  ^«^* 


COjEt 
00 


In  view  of  the  results  to  be  described  in  the  present  paper,  it  is 
interesting  to  notice  that  ethyl  glyoximeperoxidedioarbozylate  is 
rsadily  decomposed  by  strong  acids  or  alkalis;  thnSi  caostic  soda 
hydrolyses  it  with  formation  of  carbon  dioxide,  alcohol,  hydrocyanic 
and  ozalie  adds,  whereas  on  boiling  with  hydrochloric  acid  it  is  con* 
▼erted  into  carbon  dioxide,  alcohol,  hydroxylamine,  and  oxalic  acid, 
the  Utter  decomposition  being  repreeented  by  Cramer  thus: 

(00^),C^,0,  +   6H,0   +   2HCn   - 

2Et0H   +   200,  +  2NH,-0H,HC1   +   200,H-00^ 

Although  few  examples  have,  so  far,  been  worked  out  in  detail,  it 


*  A  short  ftcoonnt  of  this  rcMsrch  hss  slreedy  sppeared  in  tks  fitSMOap^  19ai« 
lt,S04. 

t  Compsn  also  L.  BoarsMlt  (Ohr^  rMdL,  1901,  122,  15«9,|siid  BulL  Soc 
chim,,  1902,  [iii],  27, 11«0). 
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seems  probable  that  the  formation  of  glyoximeperoxide  derivatives  by 
the  action  of  nitric  acid  and  other  oxidising  agents  on  oximes  is  a  re> 
action  of  wide  applicability.  This  reaction  has,  for  example,  been 
observed  in  the  case  of  certain  aromatic  oximes. 

Thus,  benzaldoxime,  when  oxidised  by  nitrogen  peroxide  or  poba&>- 
ium  ferricyanide,  yields  diphenylglyoximeperoxide, 

c,h,-ch:noh  c,h,.c:n.9 

A  case  much  more  closely  related  to  the  subject  matter  of  this 
paper,  and  which  therefore  requires  fuller  discussion,  has  been  described 
by  Holleman  (2?er.,  1888,  21,  2835),  who  showed  that  nitrosoaceto- 
phenone,  when  acted  on  by  concentrated  nitric  acid,  is  converted  into 
diphenyldinitrosacyl  (dibenzoylglyoximeperoxide)*  : 

CeH^-OO-CHINOH  _   CgH^-CO-CIN-O 

It  must,  however,  be  pointed  out  that  the  oxidation  of  oximes  in 
general,  and  of  nitrosoacetophenone  in  particular,  does  not  necessarily 
lead  to  the  formation  of  a  derivative  of  glyoximeperoxide.  The 
removal  of  the  four  atoms  of  hydrogen  might  also  take  place  according 
to  the  following  scheme  : 

11.        •    *  +   20  = 

HONICH-CO-CcHg    ^ 

a  possibility  which,  so  far,  seems  to  have  escaped  notice. 

That  diphenyldinitrosacyl  is  dibenzoylglyoximeperoxide  is,  however, 
proved  by  the  observation  of  Holleman  that,  on  reduction  with  zinc 
dust  and  acetic  acid,  it  yields  dibenzoylethane, 

CejHa-CO-CHj-CHj-CO-CjHj. 

Me*C:N*0 
•  Compare  also  tho  formation  of  dimoUiylglyoximeperozide,       ,1,.tj-/1»  by   the 

Mo  t/JN*v 

action  of  nitrogen  peroxide  on  dimethylglyoximo,  Mc*C(NOH)*C(NOH)*Me,  as  alao 
the  formation  of  methylothylglyoxinieperoxide  under  similar  conditions  (SoboU, 
Ber.,  1800,  28)  3498).  A  good  account  of  some  of  the  more  important  reaearchea 
on  derivatives  of  glyoximeperoxide  is  to  be  found  in  Ro6Coe>Schorlemmer,  LehrburJi 
der  Chemie  (Vol.  V.  p.  1268,  published  in  1899).  Tho  name  •* glyoximeperoxide" 
Is  retained  in  this  research  because  it  has  been  adopted,  not  only  in  the  foregoing 
manual  {loe,  eit.),  but  also  in  Boilatcin's  Handbtuh  and  other  well-known  books. 

cu:N*o 

It  lar,  however,  obviously  n<rt  a  correct  expression  for  the  grouping   I  I  • 
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Id  thia  oonatetfoo,  it  it  iDteratting  io  doU  that  wb«n  niirio  mid 
AcU  on  niirotOM«(oph«none,  a  Moond  tubeUoot  it  foimtd,  which  it 
ItMiMrio  with  dipheoylnitrouojl  and  potiettit  quitt  different  pro- 
periiat.  It  taemt  probable  that  thit  teoond  tubttanot  may  hara  bata 
fofftaad  bj  th^  proeeaa  rapreaanted  in  equation  11. 

Whan  moDoalkyl •substitution  products  of  ethyl  aeatoaoatate  are 
Ifaaiad  with  strong  nitric  acid,  the  reaction  prooaada  in  quite  a  differ* 
ani  direction  to  that  observed  by  Priipper  in  the  oaae  of  ethyl  aealo- 
acetate  iteelf.  Thus,  ethyl  met hy lacetoacetata  it  conTerted  iato 
dinitroethane  by  nitric  acid, 

CH,-00-CHMe  OOjEt  +   2H0N0,  - 

CH,-(X),H   +  NO,-CHMe-NO,  +  C50,  +   EtOH. 

Ethyl  eihylaoetoaoetate,  under  similar  conditions,  yields  dioitro- 
propane,  EfCH(NO,),  (Chancel,  JahresbericfU,  1883,  1079). 

While  I  was  engaged  in  preparing  dinitroethane  and  dinitropropaae 
by  this  method  of  Chancel's,  it  occurred  to  me  to  see  what  would 
happen  if  a  disubt>titution  product  of  ethyl  acetoacetate  were  treated 
with  strong  nitric  acid,  and  the  experiment  which  was  then  tried  with 
■leihyl  dimethylaoetoaoetate  wat  the  ttarting  point  in  the  preaebt 
reaearch. 

When  methyl  dimethylaoetoaoeUto,  CH,*CO*CMe,<X)^e,  is  warmtd 
with  concentrated  nitric  acid,  it  is  oxidised  with  formation  of  dimethyl- 
malonic  acid  and  a  beautifully  crystalline  substance  (m.  p.  65°)  having 
the  composition  CifHjgOgN,. 

The  properties  of  this  new  substance  so  closely  resemble  thoae  of 
HoUeman's  dipheoyldinitrosacyl  and  other  similar  glyozimaperoxida 
derivatirea  tbat  there  can  scarcely  be  a  doubt  that  its  constitution 
must  be  represented  by  the  formula 

ON:C-00-CMvOO,Me 
6N:C-C0-CMe,-C0,Me  * 

and  I  therefore  propoee  to   name  it    methyl  glyox {tmimr<mitiai9km 
fmeikyldimalam^laU,  but,  for  the  sake  of  brevity,  it  will  often  be  referred 
to  in  thia  introduction  and  in  the  experimental  part  of  thit  paper  at 
the  subetance  Cj^Hj^OgNp 

The  investigation  of  this  substance  haa  led  to  the  preparation  of  a 
large  number  of  derivativee  and  the  examination  of  these  hat  made  it 
possible,  in  moat  caaea,  to^atign  to  them  constitutional  formnhe  whieh 
are  thought  to  be  tatisfactory.  In  tome  of  the  deoompoaitiona  ttndied, 
however,  the  reactions  taking  place  are  so  complex,  and  the  compoaitiont 
of  the  resulting  compounds  so  remarkable,  that  it  has  only  beeo 
possible  to  suggest  constitutional  formula,  and,  until  further  data  are 
av^Uble,  these  are  to  be  conaidered  only  as  approximations.    Under 

4  N  2 
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these  circumstances,  it  will  economise  space  as  well  as  facilitate  the 
understanding  of  the  results  if  the  principal  facts  are  grouped  together 
and  discussed  in  an  introduction  before  the  experimental  details  are 
described. 

When  the  substance  Cj^HjgOgNg  is  boiled  with  caustic  potash,  it  is 
completely  decomposed  with  the  formation  of  methyl  alcohol,  ammonia, 
carbon  dioxide,  hydrocyanic  acid,  wobutyric  acid,  and  dimethylmalonic 
acid,  the  decomposition  being  similar  to  that  which  Propper  observed 
to  take  place  in  the  case  of  ethyl  glyoximeperoxidedicarboxylate 
(p.  1217).  If,  however,  it  is  treated  with  sodium  ethoxide  in  the  cold 
and  the  solution  at  once  acidified,  a  profound  decomposition  is  avoided, 
and  the  product  of  the  reaction  consists  principally  of  two  substances, 
namely,  methyl  hydrogen  dimethylmalonate,  COjMe'CMeg'COjH,  and 
a  crystalline  substance  melting  at  145°  which  has  the  formula 
CgHjjO^Nj.  The  latter  substance  has  acid  properties,  contains  one 
methoxyl  group,  and,  when  treated  with  phenylhydrazine,  yields  a 
compound  having  the  formula  Cj^HjgO^N^  which  is  identical  with  that 
obtained  by  the  direct  action  of  phenylhydrazine  on  the  substance 
C„H,  AN,  (p.  1224). 

It  is  very  difficult  to  understand  the  formation  of  the  substance 
CgHjgOyNg  from  Cj^HigOgNj  by  the  action  of  sodium  ethoxide  in  the 
cold,  but,  if  the  fact  is  taken  into  account  that  the  remaining  six  carbon 
atoms  have  been  removed  in  the  form  of  methyl  hydrogen  dimethyl- 
malonate, (CgHjoO^),  it  is  obvious  that  simultaneous  hydrolysis  and 
oxidation  must  have  taken  place  accordin  g  to  the  equation : 

Ci.HigOgN^  +  2H,0  +  0  =  CgHiAN,  +  C,U,fi,, 

A.  careful  consideration  of  the  properties  of  the  substance  CgH^^OyN, 
makes  it  appear  probable  that  it  has  the  constitution  represented  by 
the  formula 

NOa'^H-CO-CMej-CO^Me 

NOj-CHj 

and  it  has  therefore,  provisionally,  been  named  methyl  aP-d%n{tro«than$- 
dimethi/lmalonylate.  Although  it  does  not  contain  a  carboxyl  group,  a 
substance  of  this  constitution  would  neverthelesn  possess  acid  properties, 
because  it  is  a  derivative  of  a  dinitroparaffin,  and  nitroparaffins 
exhibit  acid  properties.  Moreover,  if  this  constitution  is  accepted, 
then  it  becomes  easy  to  understand  how  such  a  substance,  when  treated 
with  phenylhydrazine  (p.  1238),  yields  the  compound  ^ifi^fi^V^, 
which,  it  can  scarcely  be  doubted,  has  the  constitution 


0-N:C-CO-CMe,«CO,Me 

n-n:ch 


CeHj-NH 
The  compound  OgUj^NgO^  undergoes  a  very  extraordinary  d 


~i 
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poriUon  when  dnply  recryKtalliMd  fron  a  mixture  ol  eUier  and 
wliereby  it  is  oonrert«d  into  a  new  and  well-deAned  ooipwiew 
haTing  the  formuU  0,H,oO,N,  (m.  p.  H^). 
Apparently  self-oxidation,  due  to  the  presence  of  the  two  nitro- 
groope,  takes  plaee»  and  this  change  maj  be  assomed  to  prooeed 
according  to  the  equation :  C,H„(\N,  -  C.HjoOjN,  +  H,0  +  O. 
It  is  'therefore  suggested  that  the  constitution  of  the  subetanee 
Ofiifi^Vf  may  be  represented  either  by  the  formula 

0:N-C-CO-CMvOO,Me 
OINCH  ' 

or,  perliaps  more  probably,  by  the  tautomeric  (oxime)  modification  of 
this  formula,  that  is, 

0:N-C-CO-OMe,-00,Me 

ho-n:c 

since  the  substance  CgHj^O^N,  is  capable  of  neutralising  exactly  one 
■M>l60ular  proportion  of  NaOH.  It  has  therefore  been  named,  pro- 
TisMMially,  fntiAyl  afidimlroBoethyUMdimeti^^imalmi^laU. 

It  will  be  seen  from  the  above  that  the  action  of  cold  sodium 
ethoxide  on  the  substance  Ci^HjgOgN,  proceeds  in  a  very  remarkable 
way,  and  for  this  reason  it  is  proposed  to  investigate  the  behaviour  of 
•ooie  more  simply  constituted  glyoximeperoxide  derivatives  with 
alkalis,  in  order,  if  possible,  to  obtain  further  clues  to  the  course  of 
the  reaction. 

Actum  of  Amnumia,  of  Aniline,  and  of  p'ChlcrnfmUine  on  the  Stibetanee 

C„H.,0,N, 

When  the  substance  Cj^HjgOgN,  is  treated  with  strong  aqoeoos 
aauDOQia,  vigorous  action  sets  in,  and  the  only  product  which  could  be  iso- 
lated was  dimethylmal<mamide,  NH,*CO-CMeg*CX)*NU,  (m.  p.  263»). 
If,  however,  the  reaction  is  moderated  by  diluting  with  ether,  methyl 
dmmtkylmalimaimUe,  CX),Me*CMe,*CO-NH,  (m.  p.  86''),  is  prodooed, 
together  with  another  compound  which  is  not  easily  isolated.  The 
examination  of  the  latter  substance,  although  doubtless  of  great 
interest,  was  not  pursued,  because  it  was  found  that  the  prodooCa 
obtained  by  substituting  aniline  for  ammonia  were  very  much  be  Her 
characterieed,  and  therefore  better  suited  for  detailed  investigation. 
If  the  compound  Oj^Hj^gN,  is  treated  with  aniline  under  the  con- 
ditions deeeribed  in  detail  in  the  experimental  part,  it  yields  a 
sparingly  soluble  substance,  C^fiffi^lf^  (m.  p.  110^),  and  a  more 
readily  soluble  product,  C„H,gO,N  (m.  p.  80^ according  to  theequation : 


1222  perkin:  the  action  of  nitric  acid  on 

The  substance  C20H554O5N4,  when  dissolved  in  cold  hydrochloric  acid, 
decomposes  into  aniline  hydrochloride  and  a  substance  having  the 
formula  Ci^Hj^OgNg  (m.  p.  140°),  thus : 

II.  C20H2 AN4  =  ChHi,0,N3  +  C.H^.NH^. 
The  explanation  of  these  decompositions  is  probably  as  follows : 
In  the  first  place,  the  substance  Cj^HjgOgNg  is  decomposed  by  aniline 
with  the  elimination  of  one  of  the  methyl  dimethylmalonyl  groups 
-CO'CMeg'COgMe,  this  complex  then  combining  with  aniline  to 
form  methyl  dimeiht/hialonanilate  (that  is,  the  substance  Cj^HjrPjN 
shown  in  equation  I)  : 

9.N:C.C0.CMe,.C0,Me     ^     ^  H -NH      - 
O-NrC-CO-CMeg-CO^Me     "^     ^6^5  ^^^ 2     - 

0-N:Ah  "*"    ^^eHs-NH-CO-CMej-COjMe. 

The  intermediate  glyoximeperoxide  derivative  then  at  once  reacts 
with  the  excess  of  aniline  present  to  form  the  substance  C2oH240j^N4. 
This  change  is  not  confined  to  the  glyoximeperoxide  portion  of  the 
molecule,  because  aniline  also  becomes  added  to  the  carbonyl  group 
of  the  methyl  dimethylmalonyl  residue,  and  the  constitution  of  the 
substance  C20H24O5N4  may  therefore  be  represented  by  the  formula 

0H-N:C C(OH)-CMe2-C02Me 

C8H5-N(0H)-N:CII  NH-CgH^ 
This  substance,  to  which  the  name  metJiyl  dianilinoglyoximedimeUnjl- 
mhlonylate  is  given,  when  treated  with  hydrochloric  acid,  loses  the 
aniline  residue  which  is  loosely  bound  to  the  carbonyl  group,  and  the 
product  C,4HjyOj^N3  is  therefore  methyl  anilmoglyoximedimethylmal- 
onylate  having  the  following  constitution  : 

OH-NIC-CO-CMej-COjMe 
CgHj-N(OH)-N:CH 
Its  properties  are  in  accordance  with  this  formula;  it  forms  salts 
because  of  its  substituted  phenylhydroxylamine  group  CgH5*N(0H), 
and  is  also  acidic,  dissolving  in  aqueous  alkalis  because  of  the  presence 
of  the  oxime  group  OH*NIC«<. 

A  very   striking   property  of    the    substance  Oj^Hj^O^N,  is  that 
under  certain  conditions  it  is  decomposed  by  caustic  soda  into  iso- 
butyric  acid  and  a  brilliant  red  acid  having  the  formula  CgH^O^N,,  ft 
series  of  changes  which  may  be  represented  in  the  following  way : 
OH-N:C-CO-CMej-COjMe 

OeH4-N(OH)-N:crr  "*" 

2H,0    ->    (CHMe,-CO,H  +  MeOH)4. 

uiijs:c-co,H  o-n:c-co,h 

CjH5'N(oh)-n:ch        "^  c.H5-n-n:ch      '*'"«^' 
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This  int«r«ttiog  «oid»  which  haa  b«en  namtfd 
aiiwijf lig  mmdf*  m«lU  at  155''  and  deoompoaaa,  on  farih«r  baaiiog, 
wiik  alight  ezploaion ;  it  yielda  a  bright  rad,  erjitallioa  aiWtr 
•ahi  C^HgO,N,A^.  The  change  from  the  oolourlena  anilinogljozinia 
dartvatiye  to  the  intenaely  red  Motriniozole  deriyatiTe,  a  ehange 
of  oolour  due  to  tho  cIosiDg  of  the  itotriasoxole  ring,  k  moit  in- 
toreating. 

Owing  to  the  complicated  nature  of  the  reactionn  explained  aboTV, 
it  waa  thought  advisable  to  oonfirm  the  composition  of  the  producta 
of  the  action  of  aniline  on  the  subetanoe  C,|H|,0,N,  by  carrying  out 
a  aeooiid  aeriee  of  experiments  in  which  p-chloroaniline  was  employed 
in  Um  plaoeof  aniline.  The  determination  of  chlorine  in  the  com- 
pounds thos  obtained  would  then  serve  as  a  further  means  of  checking 
their  molecular  weights  and  indirectly  the  molecular  weights  of  the 
oonpoonda  obtained  with  the  aid  of  aniline  itself.  The  actual  results 
of  the  experiments  with  fMjhloroaniline  fully  confirmed  those  which 
had  been  obtained  with  aniline,  and  they  may  therefore  be  quite  briefly 
•nmfltariaed  aa  follows. 

The  •nbetanea  Oi^HigOgN,  reaota  with  p-chloroaniline  to  form 
MSlAfI  di^p^UoroanUitwglyoximtdimtikylmalonylaU  (p.  1246)  and 
wirtyf  dumtAylmalonrp-ehloroanilaU  (p.  1247). 

/.  C,^H,gOgN,  +  3C«H^Cl-NH5-C^H„05N,Cl,  +  C„n„0,NCl;  the 
former  substance  is  converted,  by  the  action  of  hydrochloric  acid,  into 
/>-chloroaniline  hydrochloride  and  methyl  ^-ehloroanilinoglyoaeiwm* 
dim$UtylmalonylaU  (p.  1246). 

//.  C„Ha05N,a,  =  C„H„04N,Cl  +  CeH,Cl-NH^ 

Lastly,  the  substance  Ci^Hi^O^NjCl,  when  treated  with  oanatio  iodn, 
yialda  a  red,  crystalline  acid  which  is  obviously  ^-chhrofkmjfiao* 
iriawooUearbaxylic  acid,  C^Ufi^Iiffil, 

In  giving  the  above  explanation  of  tho  mechanigm  of  the  action  of 
aniline  on  the  snbatanoe  OjiH^gOgN^  attention  should  be  called  to 
the  fact  that  several  decompositions  of  a  simiUr  nature  have  atrtadj 
been  investigated,  and,  as  an  illustration,  it  will  suffice  to  give  the 
following  example,  which  has  a  direet  bearing  on  the  case  in  point. 
In  the  course  of  his  important  researches  on  derivatives  of  glyoxime- 
peroxide  {loe.  eU.,  see  footnote,  below),  Boeeeken  treated  di-p-toluoyl- 
glyoximeperoxide  with  aniline,  and  showed  thai  the  reaction  takea 
place  in  the  following  way : 

*TlMriBg  I         ^     has  bwB  aamed  xiwCilssosor  by  BossekM  (Ami  tnm, 

ehim.,  1897,  16,  297— 35S  ;  Abrtr.,  1898,  i.  49«),  bat  in  the  ntw  •ditioo  of  Reeooe 
and  Schorlemmer's  Ltkrhick  d§r  Cktmit  (Vol  V.,  p.  1278)  it  is  named  "iMwaoz. 
diazin."    In  this  paper  1  have  adoptsd  the  fonner. 
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9-n:c.co-c,h,-ch,    ,    sch-nh    - 
o-n:A-co-c.h,-ch,    +    nHjNH,    - 

c,h,-n(oh)-n:(!;h  +    c,h,-nh-co-c,h,-ch3, 

and  it  is  obvious  that  this  decomposition  corresponds  very  closely  with 
that  which  takes  place  when  the  substance  Ci4Hjg08N2  is  treated  with 
aniline. 

The  intermediate  substance  obtained  by  Boeseken,  and  figured 
above,  readily  loses  water  on  heating  with  the  formation  of  the  deep 
red  />-toluoylphenyh*«otriazoxole, 

(j)-n:c-co-C6H^-ch3 

The  elimination  of  water  could  not  be  directly  brought  about  in  the 
case  of  methyl  anilinoglyoximedimethylmalonylate,  because  this  sub- 
stance decomposes  on  heating.  The  closing  of  the  ring  was,  however, 
ultimately  accomplished  with  the  aid  of  caustic  soda,  when  phenyli«o- 
triazoxolecar  boxy  lie  acid  was  obtained,  as  explained  on  pp.  1223 
and  1248. 

The  action  of  primary  amino-compounds,  and  other  primary  amines, 
on  derivatives  of  glyoximeperoxide  containing  two  acidic  side-chains 
appears  to  be  a  general  one,  and  to  take  place  according  to  the  follow- 
ing  scheme : 

I        I  +   2NH2P    =  I  +    fNH-COR. 

O'NIC-CO-R  I>-n(oh)-n:ch 

The  condensation  product  containing  two  hydroxyl  groups  may 
sometimes  be  isolated,  but  it  is  frequently  not  sufficiently  stable,  water 
being  spontaneously  eliminated  with  the  formation  of  the  wotriazoxole 
derivative.  It  is  remarkable  that,  in  all  the  cases  so  far  investigated, 
only  one  of  the  acid  radicles  is  removed  by  the  action  of  the  amino- 
com pound,  and  this  is  even  the  case  when  both  the  radicles  are  not 
only  of  the  same  nature,  but  are  also  exactly  similarly  situated. 

The  Action    of  PhenT/lhydrazine^    qf  ^Bromophenylhydrcuine^  and  ^ 
Semicarbazide  on  the  Subatanoe  Cj^Hj^OgNj. 

When  treated  with  phenylhydrazine  under  the  conditions  stated  in 
the  experimental  part  of  this  paper  (p.  1249),  the  substance  Cj^HjgOgN, 
yields  a  colourless,  crystalline  compound,  O^fi^fi^^  (m.  p.  111°),  and 
a  bright  red,  crystalline  derivative,  Cj4Hjg04N4  (m.  p.  154°).  If 
^bromophenylhydrazine  is  employed  in  the  place  of  phenylhydrazine, 
an  exactly  similar  reaction  takes  place,  resulting  in  the  formation  of 
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a  eokmricM  fabsUnoe,  C„H,|0,N,Rr  (m.  p.  9V*),  mhI  an  orang*- 
oolourad  subttanoe,  Ci^Hj^O^N^Br  (m.  p.  159^.  In  dlMOMing  Uw 
oomttlotion  of  these  prodiiete,  Uie  deriTatiTee  obtained  with  the  aid 
of  plMnylhydraiine  may  be  taken  aa  the  example. 

The  eobetaoce  C„H,0O,N,  is  methyl  phmiylhydirmddiwuikyl' 
wmlm^t,  00,Me*CMvOO*NHNHCeH^.  When  warmed  with 
eanetio  potash,  it  diMolret,  and,  on  acidifying,  a  new  compound 
eeparatee  which  melts  at  ITT'  and  has  the  formula  C,,H),0,Nr  In 
tte  formation  of  this  substanoe  aooording  to  the  equation 
0,^„0,N,  +  H,0-0„H„0,N,+  H,0  +  M60H,  hydrolysis  first  Ukee 
the  resulting  phenylhydrazidimethylmalonic  acid  then 
spontaneous  condeDsatioo  with  loss  of  water  and  formation 
of  IjdUwjfli :  MtmslA^ :  b-pyrazolidone, 

C,H,-NH-NH-CO-OMe,-CO,H  «  ^c^^'^K^^^^*  +  ^,0. 

This  behayiour  is  exactly  similar  to  that  of  ethyl  phenylhydrazi- 
malooate,  which  dissolves  in  caustic  potash  and,  on  acidifying,  yields 
l-phenyl-3 : 5-pyrasolidoDe  (Burmeister  and  Michaelis,  Ber.,  1891,  24, 
1801  ;  1892,  20,  1506) : 

C,Hj-NHNH-OOCH,CO,H   -  ^•^5*N<^^^*     +   ^J^- 

The  latter  substance  dissolyes  readily  in  alkalis  and  even  in  dilute 
ammonia,  and  Burmeister  and  Michaelis  take  it  for  granted  that  the 
acid  properties  of  the  substance  are  due  to  a  hydrogen  atom  of  the 
CH,  radicle  being  acidic,  doubtless  on  account  of  its  proximity 
to  the  two  CO  groups.  They  therefore  write  the  formula  of  the 
crystalline  ammonium  salt  as  follows  : 


'''-'-<^""- 


(loc.  cit.,  p.  1508). 

The  phenyldimethylpyrazolidone  obtained  from  methyl  phenylhydr- 
azidimethylmalonate  in  the  way  described  above  has,  however,  most 
pronounced  acid  properties  in  spite  of  the  fact  that  both  the  hydrogen 
atoms  of  the  CH^  group  are  already  substituted  (by  methyl) ;  it  even 
dissolves  in  aqueous  sodium  carbonate  and,  when  heated  with  alcoholie 
caustic  soda  and  methyl  iodide,  is  readily  converted  into  Iphtmyl- 
2:4:  i-irimtthyl^  :  b-pyrazolidone  (m.  p.  73^,  which,  since  it  does  not 
contain  a  methoxyl  group,  can  only  have  the  formula 


''A■<,■:g;^ 
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Arguing  from  these  results,  it  Feems  probable  that  the  acidity  of 
l-phenyl-3  : 5-pyrazolidone  is  due  to  the  hydrogen  of  the  NH  group 
and  not  to  one  of  the  hydrogen  atoms  of  the  CHg  group,  and  therefore 
the  constitution  of  its  ammonium  salt  is  probably  that  represented  by 
the  formula 

and  is  not  that  6gured  on  p.  1225.  An  examination  of  the  formula  of 
phenylpyrazolidone  shows  at  once  that  only  one  of  the  CO  groups 
attached  to  the  CHg  group  is  ketonic,  and  therefore,  although  the 
latter  group  may  be  capable  of  condensing  with  aldehydes  (as 
Burmeister  and  Michaelis  show  is  the  case),  it  can  hardly  be  expected 
that  its  hydrogen  atoms  would  be  suflSciently  acidic  to  react  with  alkali 
carbonates.  If  it  be  true  that  the  acidic  nature  of  phenylpyrazolidone 
is  entirely  due  to  the  NH  group,  this  fact  will  necessitate  an  alteration 
in  such  formulse  of  the  derivatives  of  this  substance  as  have  been 
constructed  on  the  assumption  that  the  acidity  is  due  to  the  CH, 
group.  In  any  case,  the  very  strong  acid  nature  of  phenylpyrazolidone, 
and  especially  of  the  phenyldimethylpyrazolidone  described  above,  is 
very  remarkable. 

Returning  again  to  the  question  of  the  nature  of  the  change  which 
takes  place  when  phenylhydrazine  reacts  with  the  substance  Ci^H^gOgNj, 
there  can  be  little  doubt,  from  the  examination  of  the  substance 
Cj^HjgO^N^  and  from  the  fact  that  one  of  the  products  of  the  reaction  is 
methyl  phenylhydrazidimethylmalonate,  that  the  phenylhydrazine 
attacks  the  glyoximeperoxide  ring  in  a  precisely  similar  manner  to  that 
already  described  in  the  case  of  the  action  of  aniline  (p.  1221).  In 
other  words,  the  change  may  be  represented  thus : 

O-NIC-CO-CMej-COjMe     ^       «    *  « 

II.   J;j;:^^«>.(;Me..CK>.Me     ^     ^H.-NH-NH.     - 

0«N:C-CO-CMe,-CO,Me 
C«Ha-NH-N-N:CH 

The  subBtance  Cj^Hj^O^N^  has  therefore  been  named  meihylpKenyl- 
amino\Mtriatoxoled%m«thylmaloni/late.  As  a  con6rmation  of  this  view 
of  the  constitution  of  this  substance  may  be  mentioned  the  fact  that 
it  orystallises  in  deep  red   crystals,  and  one  of  the  most  striking 
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chameiertttics  of  ttotriaiozole  derivativM  it  their  inUoto  r«d  or 
t^dish-browD  colour.  It  is,  DeTerthelew,  remarkable  that,  in  the 
fewMfclioa  of  Um  oonpouiid  Cj^H^^O^N^  tho  phenylbjiinuriM  eboald 
eMlMi?oljr  alteek  the  gljozieieperozide  portkm  of  the  moleoule  and 
should  thow  no  tendency  to  react  with  either  of  the  two  earbonyl 
groope  in  the  substance  C,4HjsO,N^  It  maj,  however,  be  mentioned 
that,  estMeially  in  the  camphor  group,  cases  have  been  obeorred  in 
which  substances  containing  the  grouping  -CO'CMe,-  (that  is,  a  00 
group  next  to  a  tertiary  carbon  atom)  exhibit  a  remarkaUo  inactivity 
towards  phenyl hydrasine. 

▲n  analogona  case  to  the  above  has  also  been  invcsiigated  by 
Boeeeken  {foe,  eii,),  who  showed  that  dihensoylglyoximeporozide  reacts 
with  phenylhydraxino  with  formation  of  phenylaminobenzoyltso- 
triasoxole  in  the  following  manner  : 

(>NX;-00-C-H» 

SniXco-cIh;     +     2C.H.-NHNH.     - 

C.H,NH.S:N;?r'*"'     ^     C.H,NH.NH.CO.C.H, 

In  this  case,  also,  the  phenylhydrasine  showed  no  tendency  to  react 
with  the  two  carbonyl  groups  contained  in  the  dibenxoylglyoxime- 
peroxide. 

Tbe  red  substance  Cj^H^^O^N^  dissolves  in  caustic  soda,  and  a 
yeUow,  crystalline  sodium  salt  subsequently  separates ;  this,  on 
acidifying,  yields  an  acid  which  melts  at  164^  and  has  the  composition 
CjjHjjOjN^.  This  curious  formula  is  confirmed  by  the  fact  that  the 
red  compound  Cj^Hj^O^N^Br,  obtained  by  tbe  action  of  />*bromo* 
phenylhydrazine  on  the  substance  Cj^HjgOgNj,  behaves  in  a  similar 
manner,  yielding  an  acid  having  the  corresponding  formula, 
CjgHjiOjN^Br,  on  treatment  with  caustic  soda  (see  pp.  1253). 

The  acid  0,,Hj,0,N4  crystallises  in  buff  scales  and  is  monobasic, 
as  is  shown  by  titration  and  by  the  analyses  of  tbe  sparingly  soluble 
caldum  and  bariwm  salts,  (C„Hi,0,N,),Oa  and  (Ci,H,jO,N4),Ba. 
The  almost  coloorlees  methyl  ester,  prepared  from  the  sodium  salt  by 
heating  with  methyl  iodide,  melts  at  89^  and  has  the  formuU 
0„S|,(He)0,N4.  It  has  been  found  very  difficult  to  construct  a 
satisfactory  formula  for  this  remarkable  acid  owing  to  tbe  very  email 
proportion  of  hydrogen  which  it  contains,  but  it  is  thought  that  the 
oonfigoration 

C,H,%'N'C-OOCMvOO,H 

ia  probably  correct,  and  the  name  suggobted,  provisionally,  for  the 
add  is  pkm^teJrasJHddiwteikylmahnylie  aoid. 
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The  mechanism  of  the  formation  of  this  acid  from  the  substance 
Cj^HjgO^N^  is  supposed  to  be  as  follows. 

Hydrolysis  of  the  ester  takes  place,  and  the  hydrogen  atom  of  the 
NH  group,  together  with  that  of  the  CH  group  indicated  in  the 
following  formula,  combine  with  the  oxygen  atom  of  the  wotriazoxole 
ring  to  form  water,  and  then,  by  a  necessary  rearrangement  of  valencies, 
the  formula  proposed  for  the  acid  CjgHjjOgN^  is  obtained  : 

CgHj-NH  (j)«N:C-CO-CMe2-C02Me  ^ 

CgHj-N-N-C-CO-CMe/COjjH 

I     \ii 

n:n-c 

Semicarbazide  reacts  readily  with  the  substance  Ci4Hjg08N2,  and 
apparently  in  a  way  analogous  to  that  discussed  in  detail  in  the  case 
of  the  actions  of  aniline  and  phenylhydrazine. 

A  white,  crystalline  substance,  CgHj^OgNg  (m.  p.  170°),  is  formed, 
which  probably  has  the  constitution 

OH-NIC-CO-CMej-COaMe 

nh2-co-nh-n(oh)-n:ch 

and  this  has  been  named  methyl  semicarbaziglyoximedimethylmalonylaU, 
The  fact  that  this  substance  is  colourless  shows  that  it  cannot  be  an 
i«otriazoxole  derivative,  but  it  is  interesting  to  note  that  at  its  melting 
point  it  is  converted,  with  evolution  of  gas,  into  a  reddish-brown  sub- 
stance, which  is  probably  the  corresponding  tsotriazoxole  derivative 
produced  by  the  elimination  of  water  between  the  two  hydroxyl  groups 
in  the  above  formula. 

The  mother  liquors  from  the  substance  CgHjjO^Nj  contain  a  second 
compound  which  has  not  been  examined,  but  which,  judging  from 
analogy,  is  probably  methyl  semicarbazidimethylmalonylate, 

NHj-CO-NH-NH-CO-CMej-COjMe. 


TU    Behaviour  qf    the  'Substance    Cj^HjgOgN,  on    Tnaiment    unih 

Reducing  Agente. 

The  action  of  reducing  agents  on  the  substance  G,4H]gOgN,  is  a 
very  vigorous  one,  and  leads  to  the  formation  of  a  variety  of  new 
substances,  several  of  which  have  been  isolated  and  examined. 

In  the  first  experiments,  the  reducing  agent  employed  was  tin  and 
hydrochloric  acid,  and  from  the  product  of  the  reduction  three  sub- 
stances were  isolated,  namely : 
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{A)  A  tubrtanoe  Uwing  Ui«  formola  O^fi^fi^S^  (m.  p.  177^ 
W  -  M  ••        C„H^O,N,  (m.  p.  154«). 

(O  C,^H^O,N,  (m.  p.  177°). 

TIm  tabtukzice  ^A)  is  probably  the  Uetone  of  the  m$ik^  mUr  of 
fljfmmmiMk^dnUik'tmAik^imalmylio  mM^  Mid  has  Um  oonsUtuUon 
rapreMDtdd  by  the  formuU 

N:C-CH-OMe--00,Me 

U  "^^^^ 

n:c-oo-cmvoo 

In  experimentiDg  with  the  view  of  determining  the  constitution  of 
this  suhatance,  it  was  found,  by  means  of  Zeisel's  method,  that  one 
BMUiozyl  group  was  present,  and  it  was  therefore  concluded  that  the 
■ubstaDoe  is  a  methyl  ester.  Furthermore,  as  acetyl  chloride  is  with- 
out action,  it  evidently  does  not  contain  any  free  hydroxyl  groups. 
When  boiled  in  alcoholic  solution  with  semicarbaxide  hydrochloride 
and  sodiom  acetate,  it  yields  a  semioorftaaaiM,  C^fi^fi^^  and  treat- 
ment with  hydroxylamine  results  in  the  formation  of  the  oxim$, 
CuH,yOfN, ;  phenylhydrasine  and  />>bromophenylhydrazine  lead  also 
to  oondenaition  products,  which,  however,  have  not  been  analysed.* 
Theae  experiments,  therefore,  indicate  that  the  substanoe 
CiiHjfOjN,  contains  a  carbonyl  group.  When  this  substance  is  boiled 
with  alcoholic  potash,  it  undergoes  profound  decomposition  with  form- 
ation of  ammonia,  methyl  alcohol,  and  hydrocyanic,  wobutyric,  and 
dimethylmalonic  adds.  At  the  ordinary  temperature,  the  alkali  simply 
hydrolyses  the  methyl  ester  with  formation  of  the  free  lactonic  aoidf 
a  erysUlline  substance  which  melts  at  214^ 

Those  proper tiee  all  indicate  that  the  constitution  of  the  subslaoet 
{A)  slioiild  be  the  one  represented  above  ;  in  its  formation  from  the 
— brtanee  Cj^H^gOgN^  the  glyoximeperoxide  ring  has  undergone 
deoxidation,  one  of  the  carbonyl  groups  has  been  redooed,  and  lactone 
formation  has  also  taken  place : 

9-n:coocmvCo,m, 

ON:CC0'CJfa,-C»,Me  -r    xi,w  -p 

N:C*CH-CUe.-OO.II« 

I    I    "^^  • 

N:c-0O-CMe,-00 

The  latter  formula  is  that  of  an  c-lactone.  Since,  however,  Baeyer 
and  Yilliger  (Ber.,  1897,  30,  1954)  have  shown  that  dimethylmalie 

•  It  is  imsdufale  UmI  Umss  tCMgaOt  ahooki  ooadaaM  mon  iMdily  with  Um 
ketone  gnmp  In  tliiisabslaBeetlMa  with  tke  two  rfmllsr  gimps  ia  tks 
Cj4H„Q«H,(p.l21»). 
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acid,  C02H'CH(OH)»CMp2*C02H:,  readily  yields  a  /3-lactone,  it  i« 
possible  that  the  substance  OjgHjgOgN^  may  be  a  ^-lactone  because,  if 
it  is  assumed  that  one  of  the  dimethylmalonyl  residues  in  the  sub- 
stance Cj^HigOgNj  is  converted  into  -CH(0H)-CMe2*C0,H  during 
reduction,  the  same  grouping  is  produced  as  is  present  in  dimethyl- 
malic  acid. 

The  substance  (B)  having  the  formula  Cj^HooOgNj  and  melting 
point  154°  is  probably  methyl  ghjoximeperoxidedihydrotetranuthyl- 
dimalonylate,  and  has  the  constitution 

9-N:C-CH(OH)'CMe2-C02Me 
0-N:C-CO-CMe2-C02Me 

It  yields  a  aemicarhazoney  CijUg^OgNg,  and,  as  will  be  seen  from  its 
formula,  it  represents  the  simplest  product  of  the  reduction  of  the 
substance  Oi^HjgOgNo. 

The  substance  (C),  also  having  the  formula  Cj^HgoOgNj  but  melting 
at  177°,  has  been  named  methyl  glyoximetetramethylduncUonylate,  and  its 
constitution  is  probably  that  represented  by  the  formula 

HO-N:  C-CO-CMes'COoMe 
HO-NrC-CO-CMeg-COgMe  • 

That  it  contains  two  hydroxyl  groups  is  shown  by  the  fact  that, 
when  boiled  with  acetic  anhydride,  it  yields  a  diacetyl  compound, 
^I4^i8^2(^2^8^)2^8*  ^^^  formation  of  the  corresponding  dioxime  from 
glyoximeperoxide  derivatives  by  reduction  appears  to  be  a  general 
property  of  the  latter.  Thus  dibenzoylglyoxiraeperoxide,  on  careful 
reduction  with  zinc  dust  and  acetic  acid,  yields  dibenzoylglyoxime, 

9.n:c.co-c,h,  ^  ™  _  ho-n:c.co-c,h, 

O-NIC-CO-CgHs   ■*"  HO-NIC-CO-OgHj 

(Angeli,  Ber.,  1893,  26,  527). 

When  the  substance  Cj^HigOgNj  is  treated  with  sine  dust  and 
acetic  acid,  the  course  of  the  reaction  is  different  to  that  described 
above  in  the  case  of  tin  and  hydrochloric  acid.  The  principal  product 
obtained  is  a  pale  yellow  substance  having  the  formula  C^Hi^O^l^^ 
which  melts  at  about  275°  and  is  evidently  the  dilacUme  of  glyazirM- 
UtraJiydrotetramethyldimahnylic  acid, 

N:C-CH-CMe,»CO 

n:c-ch-cmvCO 
'^ — o 

This  Mime  substance  is  also  produced  when  any  of  the  throe  com- 
pounds, A,  /?,  or  C,  obtained  by  the  reduction  of  Ci^Ui^OqN,  with  tin 
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aod  hjrdroohlorio  acid  (sm  p.  1S29)  ar«  heaUd  with  ttoc  diut  and  •mUo 
add.  The  dilactone  nature  waa  olaarlj  proved  bj  titratioo  wIms  II 
was  found  that  one  molecular  proportion  of  the  subatanoe  ntatraliaed 
two  molecular  proportions  of  caustic  rada.  The  formula  Jo»i 
given  repreeents  this  substance  as  a  double  tlaotooo,  but,  in  thin  osm 
alao^  the  remark  made  on  p.  1 229  applies,  and  the  snbetanoe  maj  prove 
to  be  tEe  oorreeponding  double  /^-lactone. 

EXPKRIMBNTAL. 

AcHam  of  p- Bromapktmpik^draMim  on  jtfslAyf  lHm§tkjfitMiom9iki§t* 

The  methyl  dimethylacetoacetate  used  in  this  investigation  waa 
obtained  from  Kahlbaum.  Although  sold  as  '*  Dimethylacetessi^* 
aether/'  it  is  in  reality  the  methyl  and  not  the  ethyl  ester ;  it  boi!s 
at  174-~174'2''  and  has  the  specific  gravities  10U12  and  100613 
at  15715*'  and  25725''  respectively.  The  ethyl  ester,  first  obtained 
by  FrankUndand  Duppa  {Annalen,  1866,  138,  328),  boiled  at  184°  and 
had  a  specific  gravity  0  9913  at  16716^  and  a  specimen  prepared  by 
W.  H.  Perkin,  jun.,  boiled  at  184*8^185^  had  a  specific  gravity 
0*9813  at  15715°,  and  gave  on  analysis  C-60'7;  H-8'9,  whereaf 
theory  requires  0  -  60*7  ;  H  -  8*8  per  cent. 

Wlian  treated  with  p-bromophenylhydrasine,  methyl  dimethylaceto- 
acetate yields  a  crystalline  condensation  product,  the  preparation  of 
which  may  conveniently  be  carried  out  as  follows. 

Methyl  dimethylacetoacetate  (2*5  c.c.)  is  added  to  a  mixture  of 
^bromophenylhydrazine  (3*5  grams),  acetic  acid  (3*5  c.c),  and  alcohol 
(10  cc),  when,  after  about  12  hours,  a  mass  of  prismatic  crystals  will 
have  separated.  These  are  collected  on  the  pump,  quickly  washed  with 
alcohol,  and  recrystallised  from  a  small  quantity  of  the  same  solvent, 
when  oolourlen  crystals  are  obtained  which  melt  at  90°.  This  sub- 
stance is  very  unstable,  and  in  one  or  two  days  decomposes  with 
formation  of  a  sticky,  orange-coloured  oil. 

0-5096  gave  0-2994  AgBr.     Br -25-0. 
0-5315     „     0-3170  AgBr.     Br- 2536. 

C|,H,70,N,Br  requires  Br  •25*5  per  cent 

It  is  probable  that  this  substance  is  the  pbromophenylhydraiooe» 

^H,-CCMe,-(X),Me 
k-NHC^H^Br* 
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Action  of  Citric  Acid  on  Methyl  Dimetfiylaceioacetate  :  *   Formation  qf 
Methyl  Glyoonmepcroxidetetraniethyldimalonylatej 
9-N:C-CO-CMe2-C02Me 
O-NIC-CO-CMea'COaMe* 

Methyl  dimethylacetoacetate  is  not  acted  on  by  nitric  acid  (sp.  gr. 
1*4)  in  the  cold,  but  on  the  application  of  heat,  red  fumes  soon 
commence  to  be  formed  and  are  then  evolved  in  large  quantities,  the 
reaction  sometimes  taking  place  with  almost  explosive  violence.  The 
operation  was  usually  carried  out  as  follows :  about  20  c.c.  of  the 
methyl  ester  was  placed  in  a  round-bottomed  flask  of  1  litre  capacity 
and  fitted  with  a  long,  ground-in  condensing  tube  ;  10  c.c.  of  nitric  acid 
(sp.gr.  1*4)  were  then  added,  and  heat  applied  until  action  commenced. 
The  source  of  heat  was  at  once  removed,  and  when,  in  the  course  of  a 
few  minutes,  the  reaction  had  partially  subsided,  another  10  cc  of 
acid  were  added  and  the  reaction  allowed  to  proceed  as  before.  A 
further  addition  of  10  c.c.  of  acid  was  made,  and  the  product,  which 
consisted  of  an  oily  and  an  aqueous  layer,  was  poured  into  water.  The 
yellow  oil  which  separated  gradually  became  semi-solid,  and  after 
24  hours  the  crystalline  cake  was  removed  from  the  watery  liquid  and 
freed  from  oil,  as  far  as  possible,  by  pressure  between  calico.  It  was 
then  several  times  crystallised  from  alcohol,  from  which  it  separated 
in  colourless,  transparent  prisms.  The  amount  obtained  in  this  way 
was  usually  about  35  per  cent,  of  the  methyl  dimethylmalonate 
employed,  and  experiments  which  were  carried  out  with  nitric  acid  of 
sp.  gr.  1  '5  did  not  give  an  appreciably  larger  yield.     On  analysis  : 

0-1620  gave  02925  COj  and  0*0820  HjO.     C « 49*2  ;  H  =  5-6. 
0-1780     „     0-3222  CO2  and  00856  H^O.     0  =  493  ;   H  =  5-3. 
0-2034    „     14-5  c.c  of  nitrogen  at  16°  and  752  mm.     N  =  8-2. 
0-2132    „     15-2  c.c.  of  nitrogen  at  18°  and  769  mm.     N-8-3. 
Oi^HjgOgNj  requires  0-49-1 ;  H-5-3;  N  =  8*2  per  cent 

Determinations  of  the  molecular  weight  by  the  cryoscopio  method 
in  glacial  acetic  acid  gave  the  following  results : 

•  When  ethyl  diethylacetoaceUte  or  ethyl  methylethylacetotoetate  18  treated  with 
nitric  acid  under  the  aaine  conditions  as  described  in  this  section  in  the  CMe  of 
methyl  dimethylacetoacetate,  the  reaction  proceeds  quite  differently,  and  a  yellow 
oil  is  formed  which  id  lighter,  tlian  water.  These  oils  do  not  gire  any  eryatelliiM 
compounds  whoa  treated  with  phenylhydrazine,  which  indicates  that  no  siibakanM 
conetponding  with  Cj4ll„O0N,  is  present 

The  crude  product  of  the  action  of  nitric  acid  on  methyl  dimethylacetoaeetata  ia 
iMftfier  than  water  and  yields  with  phenylhydrasine  the  sparingly  aolable  rod 
eonpound  C14UMO4N4  (|).  1234>. 
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Ai. 
0  0-220*  M-838. 

1  23  85  0-240*  M-S47. 

Cj^HjgOgN,  requires  342. 

I  ^Dtaios  two  methozjl  groups  is  showo  bj  th« 

foUowiug  determiDatioDS  made  bj  Zeisel's  method  : 

0-5S20  gave  0  4596  Agl.     MeO  -  18*25. 
03390    ,.    0*4634  Agl.     MeO- ISO. 

C„U}f(MeO),N,02  requires  MeO-  1 81  per  cent. 

Udkyl  glyoxim^ptroxideMrameihi/ldtmaionylaU  melts  at  65^  and 
when  heated  slightly  above  150°  decomposes  and  evolves  gas  so  rapidly 
as  almost  to  cause  an  explosion  ;  it  is  soluble  in  boiling  alcohol  in  all 
proportions,  bat  rather  sparingly  so  m  cold  alcohol ;  it  also  dissolves 
very  readily  in  benzene,  chloroform,  ether,  or  ethylene  dichloride. 

The  nitric  acid  liquors  from  the  preparation  of  this  substance 
contain  considerable  quantities  of  dimethylmalonic  acid  and  some 
oxalic  add,  and  these  acids  remain  in  the  solid  state  when  the  diluted 
liquors  are  slowly  evaporated  on  the  water-bath.  In  one  experiment, 
it  was  found  that  the  amount  of  the  mixed  acids  obtained  in  this  way 
from  250  grams  of  methyl  dimethylaoetoaoetate  was  as  much  as 
60  grams. 

The  oily  product  pressed  from  the  crystals  of  Ci^HigOgNy  as 
described  above,  has  not  been  very  carefully  examined  ;  it  dissolves  in 
aqueous  ammonia  with  the  evolution  of  heat,  and  the  solution,  whan 
acidified,  deposits  an  oil  which,  after  a  time,  partially  crystallises,  bat  if 
the  ammoniacal  solution  is  allowed  to  remain  for  a  day  or  two,  crystals 
of  dimethylmalonamide  separate.  A  suggestion  as  to  ihti  possible  con- 
stitution of  this  oil  is  made  in  the  introduction  (p.  1218),  and  it  may 
be  here  stated  that  it  can  only  contain  traces  of  the  crystalline 
sabstanoe  Ci^H^gOgN,,  since  it  does  not  yield  the  very  sparingly 
soluble  compound  described  on  p.  1249  when  it  is  treated  with 
pheny  Ihy  drazine. 

Action  of  Hydrochloric  Acid  on  the  Suhttane$  C^IiifigVy 

When  boiled  with  dilute  hydrochloric  acid  (1  part  of  acid  to  3  parte  of 
water),  the  substance  gradually  dissolves,  someiimes  with  the  separation 
of  a  little  tarry  matter.  In  one  experiniMity  4  gimiM  required  nearly  2 
days  for  complete  solution.  After  cooling  and  filtering,  the  liquid,  when 
shaken  with  ether,  gave  an  extract  containing  dimethylmalonic  acid, 
and  the  aqueous  solution,  when  evaporated  and  extracted  with  alcohol, 
left  a  residue  of  ammonium  chloride.     The  alcoholic  extract,  evaporated 
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to  dryness  and  then  dissolved  in  water  and  made  alkaline,  reduced 
Febling's  solution  in  the  cold,  indicating  that  hydroxy lamine  was 
probably  present.  It  also  contained  a  small  quantity  of  oxalic  acid. 
In  a  roughly  quantitative  experiment,  6  grams  of  C^^HjgOgNg  gave 
much  carbon  dioxide,  a  small  quantity  of  hydrocyanic  acid,  1*55  grams 
of  dimethylmalonic  acid,  and  about  0'14  gram  of  oxalic  acid. 


Determination  of  the  Density y  Magnetic  Rotation^  and  Rejraclive  Index 
of  the  Substance  Cyi4Hjg08N2  at  Various  Temjyeratures. 

Since  this  substance,  after  fusion,  may  be  cooled  to  about  15°  and 
often  kept  at  this  temperature  for  a  long  time  without  crystallising, 
it  was  found  possible  to  determine  the  above  physical  constants  at  the 
ordinary  temperature  as  well  as  at  temperatures  above  its  melting 
point.     The  density  determinations  gave  the  following  numbers  : 

d  15715°=  1-2586;         d  20720°  =  1-2544  ;        d  25725°=  1-2506. 

Two  parallel  sets  of  determinations  were  then  made  at  higher  tem- 
peratures. 

I.  d  55755°=  1-2338;        d65°/65°=  1-2316;         d  70°/70°=  1-2291. 
II.  d55°/55°=  1-2302;         ci  65°/65°  =  12294;         ci  70°/70°=  1-2281. 

If  the  densities  between  15°  and  25°  be  plotted  out  as  is  done  in 
Diagram  A^  it  will  be  seen  that  they  follow  a  normal  course,  the 
increments  becoming  slightly  smaller  with  rise  of  temperature. 

Above  55°,  however,  the  densities  behave  abnormally,  that  is  to  say, 
the  increments,  instead  of  diminishing,  increase  with  rise  of  tempera- 
ture. This  is  seen  from  the  Diagram  B  (p.  1235),  in  which  the  two 
series  of  determinations  I  and  II  are  plotted  out. 

Again,  density  determinations  made  with  the  same  material  and  iu 
the  same  tube,  but  at  different  times,  do  not  give  exactly  the  same 
results  (see  series  I  and  II  and  Diagram  B). 

This  is  no  doubt  principally  due  to  the  tube  having  been  heated 
rather  longer  in  the  one  case  than  in  the  other,  but  all  these  results 
seem  to  indicate  that  the  substance  Cj^HigOgN^  is  capable  of  existing 
in  two  or  more  forms  which  readily  pass  into  one  another  and 
give  rise  to  different  states  of  equilibrium  at  different  tempera- 
tures. Such  tautomeric  modifications  may,  indeeiU  be  formulated  in 
the  following  way  : 

y-NrC-CO-OMej-COjMe  0:N-C-CO-CMes-OOjMe 

•  O-N:C-C0-CMej-C0,Me '  o:N-C-CO*CMe^-CO,Me' 

It  is,  moreover,  interesting  to  observe  that  the  results  obtained  in 
tl.o  determinations  of   the  magnetic  rotation  and    refractive   index 


MBTUTL  DIMRTIITLACETOACtTATr 


1235 


abo  point  to  the  exitteoot  of  differeot  oonditiooa  of  the  tabeUsoe 
at  different  tempermtaree. 

TIm  imymltp  rMmUomt  were  determined  at  two  temperatnret  widelj 
apart  with  the  following  results  : 

I®-  16-76° ;       Sp.  rot  -  0-9959  ;         Mol.  rot.  -  16-052. 
r»- 60« ;  Sp.  rot. - 09671  ;        Mol.  rot. -  14770. 

Ait  at  it  was  nncertain  whether  the  substance,  during  the  examina- 
tioD  at  the  lower  temperatare,  had  had  time  to  assume  a  perfect  state 
of  equilibrium,  it  was  examinei  in  solution,  and  after  this  had  been 
left  for  several  days.  The  solvent  used  was  ethylene  dichloride,  in 
which  the  substance  is  very  soluble,  the  proportion  employed  being 


l-i58 


l-25« 


1-254 


1-262 


1^50 


1-284 


l-22« 


Cj^H^gOgN,  +  4C,H^C1^  or  a  46-34  per  cent,  solution.  The  density  of 
the  solution  at  14714°  was  1-2578  and  the  magnetic  rotation  was 
36*993.  If  from  this  latter  value  the  magnetic  rotation  of  the  ethyleoe 
dichloride  (21-940)  be  deducted,  16'063  is  obUined  as  the  magnetic 
rotation  of  the  substance  Ci4U}gOgN2  at  the  ordinary  temperature,  a 
value  which  agrees  almost  exactly  with  that  (15052)  obtained  with  the 
soperfused  substance.  It  may  therefore  be  concluded  that  the  super- 
fused  substance  is  at  the  ordinary  temperature  in  the  same  condition 
of  equilibrium  as  when  dissolved  in  ethylene  chloride.  It  will  he  seen 
that  the  difference  of  rotation  shown  above  for  a  rise  of  temperature 
of  43*25''  is  -0-282,  which  is  equal  to  a  difference  of  -0*652  for  100°. 
It  has  frequently  been  shown  that  the  magnetic  rotation  in  ali- 
phatic compounds  becomes  slightly  smaller  as  the  temperature  rises, 

4  O  2 
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b  ut  never  to  anything  like  the  extent  shown  above  (compare  Trans., 
1896,  69,  1063).  Like  the  above-mentioned  abnormal  change  in 
density,  this  unusually  large  fall  in  magnetic  rotation  indicates  that 
change  in  constitution  takes  place  with  rise  of  temperature,  and  the 
nature  of  the  values  seems  to  point  to  an  unsaturated  substance  at  low 
temperatures,  gradually  passing  into  a  saturated  substance  at  higher 
temperatures.  A  change  of  this  kind  would  take  place  if  formula  II 
see  p.  1234)  were  to  gradually  pass  into  formula  I.  Unfortunately,  it 
is  difficult  to  estimate  the  exact  value  of  the  magnetic  rotation  of  a 
compound  having  a  constitution  represented  by  either  of  the  formulse 
I  or  II,  but  there  is  this  difference,  that  in  II  there  is  double  linking 
between  carbon  atoms,  whereas  this  is  not  the  case  in  I,  and  it  is 
known  that  double  linking  usually  carries  with  it  a  rise  in  the  magnetic 
rotation  of  about  Ml  (compare  Trans.,  1902,  81,  292).  Taking  into 
account  the  position  of  the  various  groups  in  formula  I,  I  have 
calculated  that  its  magnetic  rotation  would  be  about  14*108,  whereas 
that  of  formula  II  would  be  15*218.  The  value  at  16*75°  was  found 
to  be  15  052,  which  approximately  agrees  with  that  required  for  an 
unsaturated  compound  (formula  I),  whereas  at  60°  the  value  is  much 
lower,  namely,  14*770,  thus  indicating  that  a  portion  of  the  unsaturated 
compound  I  has  been  converted  into  the  saturated  compound  II  during 
the  rise  of  temperature. 

In  the  case  of  the  refractive  index,  the  values  found  were  the 
following : 

^-—p.  a  =  131*655,  /3  =  135023,  y=  136*988. 

The  value  for  formula  I,  calculated  in  the  usual  way,  is  for 
H^=:  129*8,  which  is  1*8  lower  than  that  actually  found,  whereas  in 
the  case  of  formula  II,  which  contains  an  ethylenic  linking,  the  value 
should  be  about  132*1,  so  that,  like  the  magnetic  rotation,  the  value 
found  at  the  ordinary  temperature  lies  between  these  two,  and  thus 
indicates  that  the  substance  consists  of  a  mixture  of  two  modi6cations, 
one  saturated  and  the  other  unsaturated. 


Action  of  Alkalis  on  the  Substance  C^^'R^fi^y 

This  action  was  investigated  under  a  variety  of  conditions  in  the  hope 
of  obtaining  the  free  acid,  but,  in  all  cases,  without  success.  When 
agitated  with  an  aqueous  solution  of  caustic  potash,  decomposition 
set  in  as  soon  as  the  temperature  became  high  enough  to  cause  the 
substance  to  fuse,  and  the  liquid  became  orange-yellow,  whilst 
methyl  alcohol,  ammonia,  and  water  distilled  over. 

On  cooling  and  acidifying  with  dilute  sulphuric  acid,  carbon  dioxide 
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WM  trolT^d,  and,  od  boiling,  a  small  ^uniiiiiy  of  hjdroojaoio  add  a* 
well  aa  a  rolatile  acid  smelling  like  isobutyrio  acid  distilled  orer.  The 
diitiHato  was  treated  with  calcium  carbonate  and  the  solution  evapor- 
alad»  when  a  readily  soluble  calcium  salt  was  obtained  which,  with 
diver  nitrate,  yielded  a  crystalline  silver  salt. 

The  latter  gave,  on  analysis,  the  following  results,  which  agree  with 
thoee  required  for  silver  Mobutyrate  : 

0SS63  gave  01248  Ag.    Ag-55-2. 
0-a036    „    01 679  Ag.     Ag-55-3. 

C^HyAgO,  requires  Ag-i55'4  per  cent 

The  ethereal  extract  of  the  residue  in  the  retort  yielded  a  crystal- 
line acid,  and  this,  after  recrystallisation  from  water,  melted  at  186^* 
and  consisted  of  pure  dimethylmalonic  acid. 

0-1733  gave  02884  CO,  and  0099  H,0.       C  -  454  ;  H  -  6-3. 
0-1664     „     0  2773  CO,    „    0  0936  H,0.     0-454;  H-6-2. 
CMe,(CO,H),  requires  0-45*4;  U-61  per  cent. 

The  amounts  of  some  of  the  principal  products  of  the  decomposition 
of  the  snbstance  Cj^H^gOgN,  with  caustic  potash  were  roughly  deter- 
mined, and  it  was  found  that  10  grams  of  substance  yielded  approx- 
imately:  carbon  dioxide »  1*5  grams  ;  hydrocyanic  acid -0*05  gram; 
isobutyric  acid—  1*3  grams;  and  dimethylmalonic  acid  — 4*41  grams. 

From  the  above  result,  it  is  seen  that  aqueous  caustic  potash  decom- 
poMS  the  compound  Oi^HjgOgN,  in  a  fundamental  manner,  and  it  is  not 
easy  to  avoid  this.  However,  by  replacing  this  reagent  by  sodium  eth- 
oxide  employed  under  certain  conditions,  it  has  been  found  possible  to 
stop  the  decomposition  at  an  earlier  stage  and  to  isolate  a  more  direct 
product  of  hydrolysis.  When  an  alcoholic  solution  of  Ci^Hj,OgN|, 
cooled  until  it  commences  to  crystallise,  is  quickly  treated  with  a 
•olution  of  sodium  ethoxide  (using  1  mol.  of  the  former  to  2  mols.  of 
tiie  latter,  and  avoiding  all  rise  of  temperature)  the  whole  dissolves, 
forming  an  orange-yellow  solution.  This  is  immediately  poured  into 
well-cooled  dilute  hydrochloric  acid,  and  the  cloudy  solution  extracted 
^  or  3  times  with  ether ;  the  ethereal  extract,  when  dried  over  an- 
nydrooB  sodium  sulphate  and  evaporated,  finally  left  a  syrupy  liquid 
which,  when  placed  over  sulphuric  acid,  soon  began  to  crystallise,  and 
in  about  3  days  the  whole  had  become  a  semi-solid  mass.  On  mixing 
this  with  benzene  and  filtering  at  the  pump,  the  oily  impurities 
were  easily   removed,  leaving   a  white,  crystalline  substance  which 

*  The  meltiog  point  of  dimethyliDsIome  tctd  i«  mnch  inflaeneed  by  niisU  qosotitiss 
of  impurity  and  is  asnsllj  foand  to  be  187*  (BoUst«tn  givee  117*,  bat  tEia  is 
obTioosIy  a  misUke).  When,  boveTer,  the  add  is  piepsisd  from  its  pore  sine  aslt, 
it  melts  sharply  at  190*. 
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melted  at  about  140° ;  this  product  separated  from  toluene  in  stellate 
groups  melting  at  142 — 143°. 

0-1535  gave  02204  COg  and  00653  Ufi.     C  =  392  ;  H  =  4-7. 
0-1707     „     0-2458  CO2    „    00723  H^O.     0  =  393 ;  H  =  4-7. 
0-2235     „     22  C.C.  of  nitrogen  at  18°  and  777  mm.     N=  11-6. 
0-1218     „     12-4C.C.    „         „  14:4°  and  738  mm.     N  =  ll-6. 

CgHigOyNg  requires  C  =  38-9  ;  H  =  48 ;  N  =  1 1  -3  per  cent. 

A  methoxyl  determination  by  Zeisel's  method  gave  the  following 
results:  0*3630  gave  03258  Agl,  corresponding  with  11-8  per  cent, 
of  MeO,  whereas  the  formula  CgHgNgOg  (COoMe)  contains  125  per 
cent,  of  MeO.  If  the  aqueous  solution  of  this  substance  is  warmed,  it 
decomposes  with  separation  of  an  oily  acid  which  has  not  been  further 
investigated.  It  has  been  suggested  in  the  introduction  that  this 
curious  substance,  CgHjgOyNj,  is  produced  by  the  simultaneous  oxidis- 
ing and  hydrolysing  action  of  the  sodium  ethoxide,  and  that  it  has  the 
formula 

N02-CH2-CH(N02)-CO-CMe2-C02Me. 

It  has  therefore  been  provisionally  named  methyl  aP-dinitroethane- 
dimethylmalonylate,  and  such  a  substance  would,  of  course,  possess 
acid  properties.  When  a  cold  concentrated  alcoholic  solution  of  this 
substance  is  treated  with  an  alcoholic  solution  of  phenylhydrazine,  a 
pasty,  crystalline,  buff  or  pale  yellow  mass  immediately  separates,  but 
this  soon  assumes  an  orange-red  colour.  If  the  solution  is  less  con- 
centrated, no  crystals  form  at  first,  but  the  liquid  soon  becomes  orange 
and  then  red,  and  bright  red  crystals  are  subsequently  deposited  in 
quantity.  After  recrystallising  from  alcohol,  the  substance  gave  the 
following  results  : 

0-1457  gave  0-2958  COg  and  00730  HjO.     C  =  55-3  ;  H-5-5. 
0-1659     „     26-1  c.c.  of  nitrogen  at  17°  and  770  mm.     N  =  18-4. 
Cj^HijO^N^  requires  C  =  55  3  ;  H  =  53  ;  N  =  184  per  cent. 

This  substance  is  the  same  as  that  which  is  produced  when  the 
compound  Cj^H^gOgN,  is  treated  with  phenylhydrazine  (p.  1249),  and 
in  its  formation,  according  to  the  equation 

CgHijO^N,  +  CjHj. -NH-NH,  =  C,^H,jO^N^  -h  2H,0  +  0, 

some  of  the  phenylhydrazine  must  have  acted  as  a  reducing  agent. 
The  reaction  does  not  take  place  quantitatively  because  the  alcoholic 
mother  liquors  contain  a  considerable  quantity  of  a  viscid,  brown, 
tarry  matter.  It  is  also  curious  that,  when  treated  with  semicarbaside, 
the  compound  CgHj^O^N,  appears  to  yield  the  substance  CgH^^O^N^ 
described  on  p.  1255. 
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Whtn  Xh9  compound  CgH^OyN,  it  dlatolTtd  in  warm  tUiMr  and 
mix«d  with  enough  bentene  to  induce  crysuUiiation,  a  remarkable 
ebange  takes  place,  and.  on  cooling,  a  white,  crjttalline  ftubelAOOt 
eeparmtet  in  warty  maaset  which  melt  at  165—168®.  After  a  Ume^  the 
mother  liquors  usually  deposit  some  of  the  uochaDged  substance.  The 
new  tubelauice  crystalUaes  from  boiling  toluene,  in  which  it  is  sparingly 
iolable»'in  small,  flat  prisms  which  melt  at  169^ 

Considerable  difficulty  was  experienced  in  analysing  thu  substanet 
owing  to  the  fact  that,  when  heated,  it  docompoeed  suddenly  and  with 
a  rapid  evolution  of  gAf. 

01439  gave  0*2403  CO,  and  0-0638  H,0.     C  -  45*5  ;  H  -  4*9. 
01595     „     0-2635  COj    ,.    0  0695  HjO.     C -45-0  j  H -4-8. 
01742     „     197  cc.  of  nitrogen  at  19°  and  752  mm.     N  -  128. 
01617    „     18-5  c.c.  „         20*»    „    757  mm.     N-13-0. 

CjHjoOjN,  requires  C- 44-8;  H-4-7;  N-131  percent. 

It  is  explained  in  the  introduction  that  this  substance  probably  has 
a  constitution  represented  either  by  the  formula 

0:N-C-CO-CMe,-(X),Me 

o:nch 

or  by  the  tautomeric  modification  of  this  formula,  and  it  was  therefore 
named  mdkjfl  dimiro9oeik^i€n§dim$ikylmaUmylaU.  It  is  readily  soluble 
in  alcohol  and  ether,  and  does  not  appear  to  react  with  phenylhydrasine. 
When  treated  with  solutions  of  dilute  alkalis,  or  even  of  sodium 
carbonate,  it  dissolves,  forming  lemon -ye  How  solutions  from  which  a 
plastic  mass  separates  on  the  addition  of  alkalis.  The  basicity  of  the 
substance  was  determined  by  titration  with  decinorm%l  caustic  soda, 
when  it  was  found  that  0*1849  required  for  neutralisation  0*034  NaOH, 
wheress  this  amount  of  a  monobasic  acid  CgHj^O^N,  should  neutralise 
0  0343  KaOH. 

The  benxene  washings  of  the  crystals  of  the  substance  C^'Q^fiyV^, 
when  allowed  to  evaporate  spontaneously,  leave  a  syrupy  mass  of  an 
add  character,  which  becomes  oily  on  the  addition  of  a  little  water, 
and  almost  entirely  dissolves  if  a  considerable  quantity  of  water  is 
used.  The  nature  of  this  substance  was  determined  as  follows :  the 
syrupy  mass  was  dissolved  in  a  good  deal  of  water,  the  solution  gently 
heated  with  calcium  carbonate  on  the  water-bath,  and,  after  the 
effervescence  had  ceased^  filtered  from  a  little  tarry  matter.  On 
evaporating  the  filtrate  to  a  small  bulk,  crystalline  crusts  separated  in 
quantity,  and  were  collected  at  the  pump  and  washed  with  a  little  hot 
water.  By  concentrating  the  mother  liquors,  further  quantities  of 
the   same   salt   were   obtained,   and   the   combined  crops  were  then 
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recrystallised  by  evaporating  their  aqueous  solution  to  a  small  bulk  as 
before. 

0-3843  gram  of  the  salt,  after  drying  over  sulphuric  acid  in  vacvx), 
lost,  at  100°,  0-0381  gram.     H20  =  9-9. 

0-3462  gram,  dried  at  100°,  gave  0-1370  CaSO^.     Ca=  116. 
(C02Me-CMe2-C02)2Ca,2H20  requires  H20  =  9-8,  and  the  anhydrous 
salt  contains  Ca  =  11*5  per  cent. 

This  salt  is  therefore  probably  calcium  methi/l  dimethi/lmalonate,  and, 
as  this  compound  had  not  previously  been  described,  it  was  thought 
necessary,  in  order  to  establish  its  identity,  to  prepare  it  directly  from 
methyl  dimethylmalonate,  this  being  accomplished  in  the  following 
way :  methyl  dimethylmalonate  (56  grams)  was  dissolved  in  80  c.c.  of 
alcohol  and  mixed  with  sodium  (9-2  grams)  dissolved  in  160  c.c.  of 
alcohol,  all  rise  of  temperature  being  avoided  by  carefully  cooling 
under  the  tap.  After  remaining  for  12  hours,  a  considerable  quantity 
of  a  salt,  similar  in  appearance  to  alumina,  had  separated  which  was 
evidently  the  disodium  salt  of  dimethylmalonic  acid ;  this  was 
collected  at  the  pump,  an  operation  which  was  very  tedious,  owing  to 
the  gelatinous  nature  of  the  precipitate.  The  filtrate  was  evaporated 
to  a  small  bulk  on  the  water-bath  and  extracted  twice  with  ether  to 
remove  any  unchanged  ester.  The  aqueous  solution  was  then  strongly 
acidified  with  hydrochloric  acid  and  extracted  twice  with  ether,  the 
ethereal  solution  was  dried  with  anhydrous  sodium  sulphate  and 
evaporated,  and  in  this  way  30  grams  of  a  colourless  syrup  were 
obtained  which  consisted  of  almost  pure  methyl  hydrogen  dimethyl- 
malonate. 

This  acid  is  moderately  soluble  in  water,  and,  if  heated  alone,  it 
decomposes  with  evolution  of  carbon  dioxide  and  formation  of  an  oil 
which  is  obviously  methyl  isobutyrate.  When  heated  with  ammonia 
in  a  sealed  tube  at  100°,  the  product,  on  acidifying  and  extracting  with 
ether,  yields  a  crystalline  mass  consisting  evidently  of  dvMthyl- 
malonamic  acid,  COaH-CMea-CONHj. 

The  Calcium  Salt. — In  order  to  prepare  this  salt,  a  quantity  of  the 
add  was  dissolved  in  water  and  heated  with  calcium  carbonate ;  the 
filtered  liquid  was  then  evaporated  to  a  small  bulk  on  the  water-bath 
until  the  salt  separated  in  crystalline  crusts,  which  were  collected, 
washed  with  hot  water,  and  analysed  : 

0*4875  gram,  dried  over  sulphuric  acid  in  vacuo,  lost  0*0483  gram 
at  100°.     H,0-9*9. 

0-4393  gram  of  the  anhydrous  salt  gave  0*1786  CaSO^. 
Oa-ll*9.  (C0,Me-CMe,-C0,),Ca,2H,0  requires  H,0-9-8,  and  the 
anhydrous  salt  contains  Ca  a  11  *5  per  cent. 
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This  tali  was  identical  with  that  obtained  from  the  product  of  the 
aeiioii  of  eodinm  ethoxide  on  the  subetanoe  C||U)|0,N,  in  th« 
oiMnbed  above. 


Aciion  </  Ammonia  on  (/i«  ^'^uotianct  C^fiifig'S, 
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When  the  finely-powdered  subeUnce,  Cj^Hj^OgN^  is  shaken  with 
•trong  aqueous  ammonia,  it  dissolyee  with  evolution  of  sufficient  heat  to 
raiee  the  temperature  to  the  boiling  point.  The  orange-coloured  solution 
eooD  beoomes  paler  in  tint,  and  often  in  the  course  of  2  hours,  crystals- 
begin  to  separate.  After  remaining  for  24  hours,  these  were  coUectadr 
reefystalUsed  from  boiling  water,  and  analysed. 

01645  gave  0-2786  CX),  and  01131  H,0.     C-46-2;  H-7-6. 
0-2125     „     40  cc.  of  nitrogen  at  17°  and  754  mm.     N  -  21-7. 
CjHjjOjN,  requires  C  -  461 ;  H  -  77  ;  N  -  21  5  per  cent. 

This  substance  is  dimethylmalonamicU,  NH,*CO*CMe,*CO*NH, ;  it 
melts  at  263^^  and  when  obtained  under  the  above  conditions  the  yield 
is  sometimes  nearly  30  per  cent,  of  the  Ci^HjgOgN,  employed.  If, 
howwer,  the  reaction  is  made  to  take  place  slowly,  by  keeping  the 
mixture  at  (P,  the  substance  Cj^UjgOgN,  dissolves  very  slowly  and 
solution  is  not  complete  until  after  several  hours.  The  residue 
obtained  by  evaporating  the  somewhat  viscid,  orange-coloured  solution 
tit  socMO,  when  treated  with  cold  water,  yields  only  a  small  quantity 
of  dimethylmalonamide,  and  the  filtrate,  when  subsequently  con- 
centrated  under  diminished  pressure,  furnishes  a  small  amount  of  a 
beautifully  crystalline  substance  which  is  sparingly  soluble  in  cold 
water  and  melts  at  129°.  Unfortunately,  the  yield  of  this  new 
substance  is  very  small,  and  it  could  therefore  not  be  analysed  and 
further  investigated.  It  may  possibly  be  similarly  constituted  to  the 
substanee  C^H^fOgNf  (p.  1242),  which  is  obUined  by  the  action  of 
aniline  on  the  compound  Cj^HigOgN^ 

When  dry  ammonia  gas  was  passed  into  the  solution  of  CnHigOgN^ 
in  ten  parts  of  dry  ether,  the  liquid  became  at  first  pale  yellow  and 
then  darker,  and  a  viscid,  yellow  layer  separated,  suffident  heat  being 
evolved  to  cause  the  ether  to  boil.  When  the  whole  had  been  saturalsd 
with  the  gas,  the  ethereal  layer  was  decanted  from  the  viscid,  yellow 
product  and  evaporate^  to  a  small  bulk.  The  substance  obtained 
when  twice  crystallised  from  ether  separated  in  flat  needles. 

01674  gave  a3060  CX),  and  01 152  H,0.     C  -  498 ;  H  -  7-6. 
0-2522    „     22-3  cc  of  nitrogen  at  16°  and  742  mm.    N  -  99. 
CgHjiOgN  requires  C  -  497  ;  H  -  7-6 ;  N  -  96  per  cent. 
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This  substance  is  methyl  dtynethi/lmalonamaU,  COjMe'CMej'CO'NHjj 
it  melts  at  85 — 86°  and  distils  apparently  without  decomposition. 
The  viscid,  yellow  product  mentioned  above,  after  remaining  for  some 
weeks,  deposited  crystals  apparently  of  two  kinds,  but  not  in  large 
quantities.  These  crystals,  which  are  very  soluble  in  water,  have  not 
been  further  investigated. 

Preparation  of  DijMthylmalonamidef  NHg'CO'CMeg'CO'NHj* — ^^ 
the  amide  (m.  p.  263°)  obtained  by  the  action  of  ammonia  on  the 
substance  Cj^HjgOgNg  melts  at  a  temperature  much  higher  than  that 
given  by  L.  T.  Thorne  (Trans.,  1S81,  39,  545),  namely,  196—198°,  it 
became  necessary  to  investigate  this  matter.  Thorne  prepared  his 
Amide  by  the  action  of  alcoholic  ammonia  on  ethyl  dimethylmalonate 
at  120°  in  a  sealed  tube,  but  the  yield  was  very  small.  I  also 
found  that  when  methyl  dimethylmalonate  is  heated  with  alcoholic 
ammonia  in  a  sealed  tube  at  100°,  a  small  amount  only  of  a  crystalline 
fiubstance  is  obtained.  If,  however,  the  methyl  ester  is  heated  at  100° 
with  strong  aqueous  ammonia  for  2  hours,  the  tube  is  found  to  be 
filled  with  a  mass  of  glistening  crystals.  It  was  subsequently  dis- 
covered that  the  same  result  is  brought  about  by  simply  shaking  with 
aqueous  ammonia.  The  dimethylmalonamide  thus  obtained  melted, 
after  recrystallisation,  at  263°  uncorr.  or  269°  corr.  Since  these 
experiments  were  made,  Euiil  Fischer  {Ber.^  1902,  36,  851,  855)  has 
experimented  on  the  action  of  ammonia  on  ethyl  dimethylmalonate,  and 
by  heating  it  in  a  sealed  tube  with  alcoholic  ammonia  at  145°  for 
30  hours  obtained  only  26  per  cent,  of  the  amide.  He  gives  the 
melting  point  as  261°  (corr.),  which  is  rather  lower  than  that  obtained 
by  me.  It  is  curious  that  the  yield  is  so  small  when  alcoholic  ammonia 
is  used.  Fischer  considers  that  Thome's  compound  was  monomethyl- 
malonamide. 


Action  of  Aniline  on  the  Substance  Cj^HjgOgNj. 

When  a  cold  solution  of  ^uHjgOgNj  in  twice  its  weight  of  benzene 
is  mixed  with  an  equal  weight  of  aniline  (that  is,  about  3*5  molecular 
proportions  of  aniline  to  1  of  Cj^HjgOgNj),  the  solution  becomes 
yellow,  and  the  temperature  gradually  rises  about  16°,  and,  in  about 
an  hour's  time,  groups  of  prismatic  crystals  begin  to  separate ;  after 
24  hours,  these  are  collected  at  the  pump  and  washed  with  benzene. 
In  one  experiment,  9  grams  of  this  substance  were  obtained  from  10 
grams  of  Cj^HjgOgNo,  in  another,  only  7*2,  and  at  other  times  much 
less,  and  it  seems  that  a  very  slight  alteration  in  the  conditions,  es- 
pecially with  regard  to  tempeititure,  has  a  very  marked  influence  on 
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ih%  amouat  of  this  tubtlaiiM  whieh  U  fomttd.*  Aj  eonridf  bto 
^lifimiHj  WM  •zperi«Doed  io  assigoiDg  a  formula  to  thU  lubtUoof, 
Mvaral  aaaljsat  were  made,  the  material  ueed  in  each  being  obtained 
Irom  a  different  experiment. 

01411  gaTe  0*3097  CO,  and  0  0791  H,0.     C  -  59*9 ;  H  -  61 
01>97     ^     03512  00,    „     0-0882  H,0.     C-600;  H-61. 
01486     „    0-3275  CO,    „     0-0807  H,0.     C-601  ;  H-6-0. 
01597     H     19*6  c.e.  of  nitrogen  at  2^  and  763  mm.     N  - 14*0. 
0*1679     „     21-2  cc        „         „        18-6°  and  742  mm.     N-14  2. 

Other  analyeee  gave  numbers  closely  agreeing  with  these. 

C,,H,^OgN^  requires  C - 600  ;  H - 6-0  ;  N -  140  per  cent. 

This  substance  melts  at  about  108 — 1 10°  with'decomposition,  and  is 
readily  soluble  in  ether  and  in  alcohol,  but  sparingly  soluble  in 
beniene  ;  it  cannot  be  recrystallised  without  decomposition. 

The  molecular  weight  and  formula  of  this  substance  could,  however, 
be  established  beyond  doubt  by  the  study  of  the  corresponding  com- 
pound, which  was  obtained  by  acting  on  Cj^UigOgN,  with  />-chloro- 
aniline  instead  of  with  aniline  (p.  1246). 

As  the  result  of  the  study  of  the  decomposition  products  of  this 
eabstanoe,  the  constitution 

0H-N:C (p(OH)-CMvCO,Me 

CeH5-(0H)NN:CH     NH-CjHj 

was  assigned  to  it  in  the  introduction,  and  the  substance  was  named 
methyl  dianilinoglyoximedimethylmalonylatei 

Methyl  Anilinoglyoxivw.limethylmalonylaUf 
OH-N:c-CO-CMe,-CO,Me 
C4H4(0H)N-N:CH 

When  the  dianilino-compound  C,oH,40^N4  is  treated,  in  the  cold, 
with  very  dilute  hydrochloric  acid,  it  decomposes,  forming  aniline 
hydrochloride  and  yielding  a  white  substance. 

*  If  the  tempermUre  it  kept  at  aboat  0%  a  diflefMitdeeoBBpositioB  tskatpfaoa,  sad 
ao  cryatalliDe  sabataocc  aeparatea.  That  thera  has  btstt  a  ehaags  is  ihowa  by  tha 
&ct  that  a  sabaaqiient  riae  of  tamparatara  doaa  net  lead  to  a  aaparatioo  of  eryatala. 
If  the  reaetiagaobataBcaa  are  mixad  at  SO*,  tha  taapaiatara  riaea  to  36*,  aod  a  crop 
of  crystals  of  the  tabataace  i^HM0,N4  aeparataa  ua  eooliag.  I  a  a  third  azpariBMat, 
in  whieh  the  aailioe  waa  added  to  the  boiling  baaxene  eolation  of  tha  aabataaaa 
Cxfixf>%S^  the  reaction  canaed  the  eolation  to  conttnae  boiling  for  eome  time  and, 
on  cooling,  theanbetance  C«HmO«N4  (aboat  15  per  cent.)  first  aeparated  and  then  a 
crop  of  crystals  of  Ci^yfi^S^  the  yield  being  about  25  per  cent,  (aae  p.  1244). 
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The  latter  was  collected,  washed  with  water,  dried,  and  recrystal- 
lised  from  benzene,  from  which  it  separates  in  groups  of  slender 
needles  radiating  from  a  common  point,  and  which,  when  dried,  melt 
at  137^  The  same  substance  may  be  obtained  by  acting  on  C^j4Hjg05N2 
with  aniline  at  80°  (see  footnote,  p.  1243),  or  simply  by  boiling  the 
compound  C)2qH2405N^  with  benzene,  when  a  pulp  of  white  crystals 
is  produced ;  these  dissolve,  and,  on  cooling,  the  solution  deposits 
needles  which  melt  as  before  at  137°.  The  aniline  removed 
during  the  decomposition  remains  in  the  benzene.  After  twice  re- 
crystallising  from  benzene,  the  substance  melting  at  137°,  which  has 
been  named  methyl  anilinoglyoximedi'methylmalonate,  was  analysed 
with  the  following  results  : 

0-1431  gave  02855  COg  and  00740  H2O.     C  =  544  ;  H  =  57. 
01573     „     0-3148  CO2    „    00798  HjO.     C  =  54-4 ;  H  =  5-7. 
0-1481     „     17-8  c.c.  of  nitrogen  at  22°  and  764  mm.     N  =  13-7. 
.0-1891     „     21-6  C.C.         „         „        13°,,      765  mm.     N=13-9. 
Ci4Hiy05N3  requires  C-54-7  j  H  =  5-5  ;  N  =  13*7  per  cent. 

This  substance  dissolves  readily  in  alcohol  and  ether,  but  is 
sparingly  soluble  in  benzene  and  still  less  so  in  light  petroleum. 

The  melting  point  is  not  quite  sharp,  and  varied  in  different  pre- 
parations between  137°  and  140°.  It  exhibits  both  basic  and  acid 
properties.  If  the  finely-divided  substance  is  gently  warmed  with 
dilute  hydrochloric  acid,  it  dissolves,  and  the  solution  slowly  deposits 
nodular  crystals  of  the  hydrocMoride,  These  were  collected 
at  the  pump,  washed  with  dilute  hydrochloric  acid,  dried  in  vacuo 
over  caustic  potash,  and  analysed. 

0-3543  gave  0-1456  AgCl.     CI  =  102. 

^i4Hi705N8,HCl  requires  CI  =.  10*3  per  cent. 

This  salt  may  also  be  prepared  by  adding  concentrated  hydrochloric 
acid  to  the  alcoholic  solution  of  the  substance  Oj^Nj^OjNj  and  allow- 
ing the  solution  to  evaporate  over  sulphuric  acid  in  vactno ;  it  is  thus 
obtained  in  good-sized,  transparent  crystals. 

The  hydrochloride,  which  does  not  give  a  crystalline  double  salt  with 
platinic  chloride,  is  readily  soluble  in  water ;  its  aqueous  solution  has  a 
very  bitter  taste,  and  gives  a  deep  blue  coloration  with  ferrio  chloride. 
The  base  is  precipitated  from  the  solution  of  hydrochloride  by  oaostic 
alkali,  but  quickly  dissolves  in  any  excess  of  the  reagent ;  solutions 
of  sodium  carbonate  or  ammonia  produce  the  same  result.  The  base 
is  conveniently  prepared  from  its  hydrochloride  by  adding  sodiam 
acetate  to  the  solution  of  this  salt;  the  precipitate  which  slowly 
separates,  when  collected  and  crystallised  from  benzene,  yields  needle- 
shaped  crystals  which  melt  at  about  134°. 
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01491  gav«  0*2967  CO,  and  00753  Kfi.    C - 54*3  ;  11 
0*1635     H     IB*8  e.c.  of  nitrogen  at  13^  and  756  mm.     N 
C|«U)  A^t  i^au««  C  -  54*7  ;  H  -  5*5 ;  N  - 13-7  pw  orat 

Theae  reaulta  indloate  |tbat  the  substanoe  had  not  undergone  any 
alteration  in  constitution  on  treatment  with  hydrochloric  acid.  The 
€ulpMai§  may  be  readily  prepared  by  dissolving  the  base  in  dilute 
sulphuric  acid  and  allowing  the  solution  to  evaporate  spontaneously. 
It  is  thus  obtained  in  long,  transparent  prisms  which  are  readily 
soluble  in  water  and  dissolve  in  concentrated  sulphuric  acid  with  a 
bluish-Tiolet  colour  which,  however,  soon  changes  to  a  pale  brown  or 
drab.  The  aqueous  solution  gives  a  blue  coloration  on  the  addition 
of  ferric  chloride. 

Meth^fl  DimsthiflmalonanilaUy  COjMeCMej-CO-Ml-t^iUj.— As  ex- 
plained in  the  introduction  (p.  1222),  this  substance  is  always  produced 
along  with  the  compound  C^Sj^N^  when  aniline  acts  on  Cj^H|,OgNy 
and  it  is  contained  in  the  benzene  mother  liquors  from  which  the  former 
has  crystallised  (p.  1242).  These  benzene  liquors  were  allowed  to 
evi^MJimte  spontaneously  and  the  crystalline  residue  was  heated  on  tlie 
wmter-bath  with  dilute  hydrochloric  acid  in  order  to  dissolve  exoess  of 
free  aniline  and  also  to  convert  small  quantities  of  the  subetanoe 
CjqHj^OjN^  which  might  be  present  into  aniline  and  the  base 
Cj^HiyOjK,.  when  both  would  dissolve  as  hydrochlorides.  The  solid 
m«lted  during  this  treatment,  but  the  oil,  which  was  insoluble  in  the 
dilute  hydrochloric  acid,  solidified  on  cooling.  The  crystals  were  left 
in  contact  with  porous  porcelain  for  a  few  days  in  order  to  remove  the 
oily  matter  with  which  they  were  contaminated,  and  were  then  twice  re- 
crystallised  from  light  petroleum  (b.  p.  80 — 90°),  the  viscid  oily  product 
which  first  separated  being  remove  i  by  decantation  and  the  liquid 
then  set  aside  to  crystallise.  The  crystals  were  further  purified  by 
two  crystallisations  from  a  mixture  of  equal  parts  of  bensene  and  light 
petroleum.  The  new  substance  separates  in  colourless  leaflets  with  a 
satiny  lustre  and  the  amount  obtained,  in  an  experiment  in  which 
10  grams  of  CjfHjgOgN,  had  been  treated  with  aniline,  was  3*7  grams. 

0-1351  gave  0-3243  CO,  and  0-0898  H,0.     C  -  65-4  ;  H  -  7*4. 
0*1540     „     0*3684  CO,  and  0-0966  H,0.     C  -  651 ;  H  -  7-0. 
0*1916     „     10  cc  of  nitrogen  at  19"*  and  762  mm.     N-6'5. 
C^HjjOjN  requires  C  -  65-2  ;  H  -  6-8  ;  N  -  6*3  per  cent. 

Methyl  dimethylmalonanilaU  melu  at  80°  and  is  readily  soluble  in 
alcohol,  ether  and  benzene,  but  sparingly  so  in  cold  light  petrolemn. 
When  an  alcoholic  solution  is  warmed  with  alcoholic  soda  and  the 
liquid,  after  diluting  with  water,  is  acidified  with  hydrochloric 
acid,  an  oil  is  deposited  which  solidifies  on  cooling.    This  subetanoe 
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crystallises  from  alcohol,  in  which  it  is  very  readily  soluble,  in  well- 
defined  prisms  which  melt  at  133°,  and  there  can  be  no  doubt  that  it 
is  dimethylmalonanilic  acid,  COgH'CMeg'CO'NH'CgHj,  produced  by 
the  simple  hydrolysis  of  the  methyl  ester. 


Action  of  pC/doroaniline  on  the  Substance  Cj^HigOgNj. 

As  already  mentioned  in  the  introduction  (p.  1223),  these  experiments 
were  made  with  the  object  of  establishing  the  molecular  weights,  as  well 
as  obtaining  further  evidence  of  the  nature  of  the  substances  which  are 
produced  when  aniline  acts  on  Cj^HjgOgNg.  On  mixing  cold  solutions 
of  10  grams  of  Cj^HjgOgNg  and  15  grams  of  7?-chloroaniline  in  10  and 
35  c.c.  of  benzene  respectively,  a  yellow  liquid  was  obtained  which, 
after  24  hours,  became  tilled  with  pale  pink  crystals.  These,  when 
collected  at  the  pump,  washed  with  benzene,  and  allowed  to  remain  in 
the  air  until  dry,  melted  at  118 — 120°.  It  was  found  possible  to  re- 
crystallise  this  substance  by  dissolving  it  in  dry,  cold  ether,  in  which  it  is 
moderately  readily  soluble,  and  then  adding  light  patroleum  (b.  p. 
80 — 90°)  until  a  slight  cloudiness  was  produced. 

Brilliant  prisms  gradually  separated,  often  in  stellate  groups  ;  these 
melted  at  117 — 120°  and  were  analysed  with  the  following  results  ; 

01360  gave  02563  COg  and  00580  H^O.     0  =  513;  H  =  4-6. 
0-1371     „     0-2576  COg  and  00642  Up,     0  =  513  ;  H  =  4-5. 
0-1781     „     18-5  c.c.  of  nitrogen  at  16°  and  750  mm.     N  =  121. 
0-5364     „     0-3198  AgCl.     01=147. 
O20H22O5N4CI2 requires  0  =  51-1 ;  H  =  4-6  ;  N=  119  ;  01  =  15-1  percent. 

This  substance,  which  is  therefore  exactly  analogous  to  the  com- 
pound 02oH2405N^,  obtained  by  acting  on  the  substance  Oj^HjgOgN., 
with  aniline,  has  accordingly  been  named  niethyl  di-p-chlorodianUiiio- 
glyoximediinethylmalonylate. 

Methyl  ^CfdoroanilinoglyoximedivieUiylmalonylaie^  CnH^jOjNjCI. 

This  substance  is  produced  when  the  dichlorodianilino-compound  just 
described  is  decomposed  by  hydrochloric  acid  or  simply  boiled  with 
benzene,  the  conditions  of  experiment  being  exactly  similar  to  those 
already  described  in  the  case  of  the  corresponding  dianilino-compound 
(p.  1242) ;  it  is  also  formed  directly  from  OjiHigOgN^  when  the  amount 
of  />-chloroaniline  employed  is  insufficient  for  the  production  of  the 
dichlorodianilino-compound.  It  melts  nt  140°  and  crystallises 
from  benzene  in  small  prisms,  but  is  obtained  in  the  form  of  glistening 
needles  when  its  solution  in  ether  is  mixed  with  just  sufficient  light 
petroleum  to  produce  a  cloudiness,  and  then  allowed  to  remain  for  some 
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hoaiT.  It  it  readily  soluble  in  alcohol  and  in  ether,  but  siMringly  no 
in  cold  beniene  and  light  petroleum  ;  ita  alcoholic  solution  given  a 
pale  blue  coloration  with  ferric  chloride. 

01463  gare  0*2651  CX>,  and  00663  H,0.     C-49-4  ;  H-50. 
0-5138    „    0-2153  AgCI.     CI -10  4. 

0r037     „     20*5  c.c.  of  nitrogen  at  IQ**  and  763  mm.     N  =.  122. 
CiiHi^OjNjCl  HKiuires  C  -  49  2 ;  H  -  47 ;  CI  - 104  ;  N  - 123  per  cent. 

Tbe  kydroehiorids  is  obtained  in  transparent  well-defined  erjstala 
when  a  solution  of  tho  substance  in  alcohol  is  saturated  with  hydrogeo 
chloride  and  then  allowed  to  evaporate  over  sulphuric  acid  under  a  bell* 
glass,  care  being  taken  that  hydrogen  chloride  is  always  present. 
The  crystals  for  analysis  were  quickly  drained,  pressed  between  filter 
paper,  and  then  dried,  first  over  sulphuric  acid  in  an  atmosphere  of 
hydrogen  chloride,  and  afterwards  for  a  couple  of  hours  over  caustia 
potash  under  diminished  pressure. 

0-5129  gave  0*3844  AgCI.     CI  - 18*6. 

Cj^HieOjNjC^HCl  requires  CI- 18*8  per  cent. 

When  treated  with  water,  the  transparent  crystals  of  the  hydro- 
chloride become  opaque  owing  to  dissociation  into  the  base  and  hydro- 
chloric acid,  a  change  which  takes  place  much  more  readily  than  is  th» 
ease  with  the  hydrochloride  of  the  corresponding  an ili no-compound 
deaeribed  on  p.  1244. 

M^ikjfl  Dimeihylfnalon-p^ehloroanUaU,  CO^Me'CMej'CO'NH'C^H^Cl. 

The  benzene  mother  liquors  from  the  preparation  of  C^qH^O^ K^CI^ 
(p.  1246)  deposited,  on  spontaneous  evaporation,  a  crystalline  residue 
which  was  rubbed  with  a  little  cold  benzene  and  then  washed  with 
small  quantities  of  the  same  solvent.  The  crude  product,  after 
drying,  weighed  4*5  grams  from  an  operation  in  which  10  grams  of 
Ci^HjgOgN,  ^^^  ^>^i*  treated  with  />-chloroaniline  ;  it  was  purified  by 
dissolving  in  boiling  ether  and  then  allowing  the  solution  to  oool  and 
evaporate  somewhat,  and  was  thus  obtained  in  flat,  transparent  prisma 
melting  at  88 — 90°.  A  second  recrystallifiation  from  a  mixture  of 
ether  and  light  petroleum  raised  the  melting  point  to  90 — 91". 

01437  gave  0*2962  00,  and  0*0741  H,0.     C  -  56*2  ;  II  -  57. 
0*5297    „    0-2970  i%Cl.    CI -13*9. 

0-2101     „     100  c.c  of  nitrogen  at  17"^  and  767  mm.     N  - 5*7. 
CjjHi^OjNCI  requires  C- 56*3;  U-5*5i  CI -138;  N-5  5percenl. 

This  substance,  which  dissotves  readily  in  alcohol  and  in  ether,  is 
much  less  soluble  in  benzene  and  only  sparingly  so  in  light  petroleum; 
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it  appears  to  distil  with  very  little  decomposition.  When  the  alcoholic 
soda  solution  of  the  substance  is  gently  warmed,  then  diluted  with 
water,  and  acidified  with  dilute  hydrochloric  acid,  a  substance  is 
obtained  which  crystallises  from  benzene  in  needles  and  melts 
at  160°.  This  is,  doubtless,  dimethylmalon-;?-chloroanilic  acid, 
C0jH-CMe2-C0-NH-CeH,Cl. 

Phenylisotriazoocolecarhoxylic  Acidy 
O-NICj^-COgH 
CoHj-N-NICH 

When  the  substance  Ci^Hj^OgNa  (p.  1244)  is  treated  with  dilute 
caustic  soda,  it  dissolves  to  an  orange-coloured  solution  which 
becomes  paler  after  a  short  time.  If,  when  the  colour  is  at  its 
maximum,  the  solution  is  poured  into  dilute  hydrochloric  acid,  it 
becomes  redder  and  soon  deposits  a  small  quantity  of  a  dark  red, 
crystalline  precipitate,  whilst  the  unchanged  substance  and  other 
decomposition  products  remain  dissolved.  The  amount  of  the  new 
substance  obtained  in  this  way  was  usually  very  small,  and  it  was  only 
by  working  under  special  conditions  that  it  was  ultimately  found 
possible  to  prepare  it  in  quantities  sufficient  for  examination.  The 
substance  Ci^HjyOgNa  (0*4  gram)  is  dissolved  in  2  c.c.  of  warm 
alcohol  in  a  test-tube  ;  the  solution  is  then  cooled  and  quickly  mixed 
with  1  c.c.  of  a  10  per  cent,  solution  of  alcoholic  soda.  The  liquid 
rapidly  acquires  an  orange  colour,  very  like  strong  potassium  bichromate 
solution  in  intensity,  and  the  temperature  rises  about  5°.  In  three 
quarters  of  a  minute  from  the  time  of  mixing,  the  liquid  is  poured  into 
a  few  c.c.  of  dilute  hydrochloric  acid(l  of  acid  to  3  of  water),  when  a 
scarlet  solution  is  produced  which  rapidly  becomes  semi-solid  owing  to 
the  separation  of  a  mass  of  minute,  red  crystals.  The  products  from 
several  similar  operations  are  diluted  with  water,  filtered  at  the 
pump,  and  the  residue  repeatedly  washed  with  water.  Under  the 
microscope,  the  substance  is  seen  to  be  perfectly  uniform  and,  after 
drying  in  vctcuo  for  several  days,  it  was  analysed  with  the  following 
results : 

0  0980  gave  0-1886  COj  and  00336  HgO.     C-52-4;  H-3-8. 
01430    „    0-2776  COj  and  00504  H2O.     C-52-9  ;  H-3-9. 
0-1741     „     31»2  CO.  of  nitrogen  at  23°  and  762  mm.     N«  203. 
CgH^OjNj  requires  0  -  527 ;  H  -  3*6 ;  N  -  20-5  per  cent. 

PJitnyliwitriazoxoUcarhoxylie  aeid  melts  at  155°  with  decomposition 
and  slight  explosion.  It  is  somewhat  soluble  in  boiling  water  and 
crystallises,  on  cooling,  in  microscopic  needles,  but  a  considerable 
amount  is  decomposed  by  this  treatment.     It  is  sparingly  soluble  in 
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ether,  but  readil/  eo  in  aloohol,  and  aliio  in  aotione,  and  if  the  eolotion 
in  the  laet-named  eolrent  is  allowed  to  eTaporate  tponUneoatljr  the 
•ubeUooe  it  deposited  in  thick,  garnet-red  erjstalt.  The  jield 
obtained  bj  the  foregoing  prooeee  ii  about  40  per  cent,  of  the 
^l4^iT^s^t  Mnploy^  Aod,  in  iU  preparation,  the  dianili no -compound, 
C,gH^O|N^  (p.  1343),  and  sodium  ethozide  of  reUtively  the  lama 
strength  maj  be  emplojed  instead  of  alooholio  soda,  but  the  betl 
results  hare  always  been  obtained  under  the  conditions  detoribed  oo 
p.  1348.  The  aqueous  washings  from  the  preparation  of  the  red  acid 
^Te  a  precipitate  of  the  unchanged  substance  Oj^HjyOjN,  on  acidifj- 
ing,  and  the  liquid  contains  a  small  quantity  of  a  volatile  acid  which,  as 
the  analysis  of  the  barium  salt  showed,  is  doubtless  uobutyric  acid. 

TU  Siivn^  Soli,  C^H^O^NjAg.— When  alcoholic  solutions  of 
silver  nitrate  and  the  acid  are  mixed,  the  silver  salt  separates 
at  once  as  an  orange-red,  apparently  crystalline  precipitate,  which 
was  collected,  washed  with  alcohol,  and  dried  over  sulphuric  acid 
in  vacuo.  As  the  salt  explodes  on  heating,  it  could  not  be 
analysed  in  the  usual  manner;  it  was  weighed  into  a  porcelain 
omeible,  moistened  with  alcohol  and  a  few  drops  of  sulphuric 
acid,  and  heated,  gently  at  first,  but  afterwards  over  the  blowpipe. 

0*3386  gave  01 136  Ag.     Ag-34  6  per  cent 
CgHfOgKiAg  requires  Ag  —  34*6  per  cent. 

The  acid  dissolves  in  alkali  carbonates  with  effervescence,  and  is 
oooverted  into  a  sparingly  soluble  salt  when  treated  with  potassium 
acetate.  The  orange-red  solutions  of  the  acid  in  caustic  alkalis  soon 
become  pale  owing  to  decomposition. 

The  subsUnce  Cj«Hj,O^N,Cl  (p.  1246),  when  treated  with  caustic 
soda,  yields  the  corresponding  acid,  which  crystallises  from  acetone  in 
large,  red  crystals  and  m3lts  with  decomposition  at  about  145^ 


Action  qf  Phcnylhydrtizinc  on  the  Substance  C^flifi^V^ 

If  a  warm  concentrated  alcoholic  solution  of  the  subttanee 
Cj4H|gO,N,  is  mixed  with  acetic  aci<i  and  a  strong  alcoholic  solution 
of  phenyl hydrasine,  the  liquid  quickly  becomes  orange-red  and  a 
violent  action  takes  place,  the  temperature  quickly  rising  to  tba 
boiling  point.  After  about  an  hour,  red  crystals  begin  to  form  and 
gradually  increase  in  quantity,  but,  to  obtaio  this  new  subntanoe  in  a 
pure  condition,  it  is  necessary  to  moderate  the  reaction  by  using  more 
dilute  solutions  and  to  prevent  the  ri^e  of  temperature.  After  many 
experiments,  the  following  method  of  preparation  was  found  to  give 
good  results. 

The  substance  Cj^HigOgN,  (7  grams)  is  dissolved  in  70  c.c.  of  warm 
yOL.  LXXXIII.  4  P 
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alcohol  and  the  solution  cooled  until  crystallisation  just  commences. 
A  mixture  of  phenylhydrazine  (5  grams),  glacial  acetic  acid  (5  c.c), 
and  alcohol  (10  c.c.)  is  then  gradually  added,  care  being  taken  to 
avoid  any  rise  of  temperature.  After  12  hours,  about  4  grams  of  a 
brilliant  red,  crystalline  substance  separates,  which  was  prepared  for 
analysis  by  washing  rapidly  with  alcohol  and  drying  over  sulphuric 
acid. 

0-1704  gave  0-3468  COg  and  0-0820  Hfl.     C  =  55-5  ;  H  =  5-4. 
0-1432     „     0-2917  COg    „    0-0705  HgO.     C  =  55-5  ;  H  =  5-5. 
0-1743     „     27-4  c.c.  of  nitrogen  at  16°  and  761  mm.     N  =  18-3. 
Cj^HigO^N^  requires  0=^55*3  ;  H  =  5-3  ;  N  =  18-4  per  cent. 

This  substance,  which  has  been  named  methyl  phenylaminoiao- 
triazoxoledimethylmalonylate,  and  the  constitution  of  which  is  discussed  in 
the  introduction  (p.  1226),  melts  at  154°  if  prepared  exactly  as  described 
above.  If,  however,  it  is  recrystallised  from  alcohol,  in  which  it  is 
sparingly  soluble,  the  melting  point  sinks  to  about  139°,  but  the  ester 
does  not  apparently  undergo  any  change  in  composition,  and  it  is  there- 
fore possible  that  this  substance  is  capable  of  existing  in  dimorphous 
forms. 

Methyl  FJienylhydrazidimethylmalonatef 

COaMe-CMeg-CO-NH-NH-CeH^, 

and  l-PhenylA-dimethyl-3  :  b'pyrazolidone. 

The  first  of  these  is  contained  in  the  red  mother  liquors  from  the 
substance  Cj^HigO^N^  (p.  1249),  and  is  left  behind  in  a  very  crude 
state,  as  a  crystalline  mass  mixed  with  tar,  when  these  liquors  are 
allowed  to  evaporate  spontaneously.  Much  of  the  tar  was  removed  by 
washing  with  cold  ether,  and  the  residue  was  then  digested  with 
benzene,  which  dissolved  the  new  substance  and  left  undissolved  most, 
but  not  all,  of  the  substance  Cj^HjgO^N^,  which  is  always  present. 
The  filtered  solution  gradually  deposited  yellowish-white  crystals  which 
were  collected  before  they  became  mixed  with  the  red  crystals  of  the 
substance  Cj^HuO^N^ ;  it  is  curious  that,  although  the  latter  is  so 
sparingly  soluble  in  benzene,  it  crystallises  so  slowly  that  it  actually 
separates  after  the  former  much  more  soluble  substance.  After  re- 
orystallising  twice  from  benzene  and  five  or  six  times  from  alcohol, 
colourless  needles  were  obtained  which,  on  analysis,  gave  the  following 
results : 

01381  gave  0-3086  CO,  and  00858  H,0.    C - 60-9 ;  H - 6-9. 
0-1806     „     18-6  c.c.  of  nitrogen  at  186®  and  761  mm.     N - 12-0. 
0„H„OjNj  requires  C-6I*0  ;  H-6-8;  N-ll-9  per  cent. 
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M§lk^ pktmifik^dramdim§tkylmaimaU  melU  at  IIP  and  U  rmdily 
•olubla  in  liol  bsDBeoe,  but  rath«r  siMriDgl/  so  in  the  oold  aolvent.  It 
diMolTM  readily  in  boiling  alcohol,  and  Mparatet  tlowlj,  on  oooliug, 
in  hard  mewBt  of  eryetaU.  When  boiled  with  dilute  cauaiio  potaah,* 
it  eoon  dieeolvee  and,  on  adding  hydrochloric  acid,  a  oopiona,  whit« 
predpiUte  of  pkm^imtihylpyramUidont  (tee  p.  1325)  is  produced. 
This  was  ooUected,  washed,  dried,  and  reorystallised  from  alcohol,  from 
which  it  aeparates  in  transparent  prisms  melting  at  177^. 

0*1625  gave  0*3872  CO,  and  00876  H,0.     C - 6i*9 ;  H - 60. 
0-1542    „     18*8  cc.  of  nitrogen  at  le""  and  742  mm.     N  ==  13*9. 
Cj,H„0,N,  requires  C- 64-7;  H-5-9;  N- 13*7  per  cent. 

This  substance  is  moderately  soluble  in  cold  and  readily  so  in  hot 
alcohol,  and  has  strongly  acid  properties,  since  it  dissolves  readily  in 
dilute  ammonia  or  sodium  carbonate. 

lPkenyl-2  :  4  :  UrimethylZ  :  5pf/razolidone,  C6^6*N<^^^"^**. 

This  suhetanoe  is  produced  when  the  alcoholic  solution  of  pheoyl- 
dimethylpyrazolidone  is  mixed  with  one  molecular  proportion  of 
alcoholic  soda  and  then  heated  with  excess  of  methyl  iodide  at  100° 
in  a  tightly-stoppered  bottle  for  about  half  an  hour.  On  evaporating 
the  product  on  the  water-bath,  a  brown  oil  is  obtained  which  crystal- 
lises after  some  hours.  After  washing  with  sodium  carbonate 
solution  to  remove  unchanged  phenyldimethylpyrazolidone  and  then 
with  water,  the  crystals  were  dissolved  in  light  petroleum  and  the 
solution  left  to  crystallise,  when  large,  flat  plates  separated  which, 
after  recrystallisation  from  the  same  solvent,  gave  the  following 
results  on  analysis : 

0-1563  gave  03788  CO,  and  00924  H,0.     C  -  661 ;  H  -  6-5. 
0-1466     „     16*8  C.C.  of  nitrogen  at  18''  and  750  mm.     N  -  13*1. 
CjjHi^OjN,  requires  C  «  66*1 ;  H  -  6*4 ;  N  -  12*8  per  cent. 

Phenyltrimethylpyraxolidone  melts  at  72°  and  is  readily  soluble  in 
bensene,  alcohol,  ether,  and  boiling  light  petroleum,  but  it  is  only 
sparingly  soluble  in  the  latter  solvent  in  the  cold. 

When  slowly  crystallised,  it  forms  large,  transparent,  six-sided  prisnu 
with  well  de6oed  summiU;  when  treated  with  hydriodio  acid  by 
Zeisel's  method,  no  metb|ii  iodide  is  formed. 

*  The  boiling  most  not  be  prolonged,  mm  otbenriae  farther  deoompotition  takes 
place  and  the  product  is  difficult  to  purify. 
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Action  of  p-Bromophenylhydrazine  on  the  StLbstance  C^^U^figl^^. 

0>viiig  to  the  complicated  nature  of  the  suhstances  produced  by  the 
actioD  of  phenylhydrazine,  and  in  order  that  there  might  be  no  doubt 
as  to  their  molecular  weights  and  composition,  an  exactly  similar 
series  of  experiments  was  carried  out  with  /7-broraophenylhydrazine. 
The  results  of  these  showed  that,  although  the  latter  reacts  less  vigor- 
ously, it  gives  rise  to  a  series  of  compounds  analogous  with  those 
obtained  by  means  of  the  former  reagent.  The  proportions  used  were 
about  1  molecular  proportion  of  Cj^H^gOgNg,  2  of  the  hydrazine,  and 
a  little  more  than  1  of  glacial  acetic  acid,  the  experiment  being  con- 
ducted in  the  following  way. 

The  substance  Ci^H^gOgNg  (7  grams),  dissolved  in  50  c.c.  of  warm 
alcohol,  was  cooled  until  it  began  to  crystallise,  and  then  a  solution 
of  jt)-bromophenylhydrazine  (7  grams)  and  glacial  acetic  acid  (3  c.c.) 
in  20  c.c.  of  alcohol  was  gradually  added,  the  mixture  being  thoroughly 
cooled  with  water.  In  the  course  of  a  couple  of  hours,  the  orange- 
yellow  solution  had  deposited  a  mass  of  stellate  groups  of  bright  orange 
crystals,  which  were  collected  and  washed  with  alcohol,  4*4  grams  of 
the  substance  being  thus  obtained  ; 

0-4008  gave  01 944  AgBr.     Br  «  20-64. 
03625     „     0-1748  AgBr.     Br  =  20-5. 

0-14S4     „     0-2379  CO2  and  00601  Hp.     C  =  43-7  ;  H  =  4-5. 
0-1488     „     18-5  c.c.  of  nitrogen  at  14°  and  758  mm.     N  =  14-5. 
Ci^HijO^N^Br  requires  C  =  43-8;  H  =  3-9;  Br  =  20-8;  N  =  14*6  percent. 

This  substance  melts  at  about  159°,  and,  like  the  corresponding 
substance  Cj^HjgO^N^,  obtained  with  the  aid  of  phenylhydraziue,  the 
melting  point  is  lowered  by  recrystallisation  from  alcohol. 

It  dissolves  in  dilute  aqueous  caustic  potash  with  a  yellow  colour, 
and  if  the  solution  is  immediately  acidified  it  is  deposited  unchanged  ; 
a  specimen  thus  treated  gave  Br  =  20*7,  whereas  the  unchanged  sub- 
stance contains  20*8  per  cent,  of  bromine,  but,  left  in  contact  with 
alkali,  it  decomposes. 


Methyl  BromophenylhydrazidimeihylmalonaU^ 
CO,Me'CMe,-CONH-NH-CaH^Br. 

When  the  alcoholic  mother  liquors  from  the  substance  Ci^HijO^N^Br 
are  allowed  to  evaporate  spontaneously,  they  yield  a  crystalline  product 
mixed  with  tarry  matter,  which,  however,  can  be  almost  entirely 
removed  by  washing  with  ether.  The  residue,  which  contains  traces 
of  the  orange-coloured  compound,  Cj^HijO^N^Br,  is  crvstallised  aeveral 
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lim«  froM  iMOMue,  the  oryt>i«.i.  u^tug  dwajri  ooU«oUd  Mort  UuU 
•obtUiMt  MpMrmtac  Lattlj,  b/  crytUUluiog  two  or  ihrM  UoMt  from 
iJooImJ,  IIm  imw  oompottod  is  obtained  quite  colourleat. 

0150S  gave  0S492  00,  and  00671  U,0.    0-463 ;  H-i6H). 
OiOSi     „     0*8383  AgBr.     Br -85*2. 
Oi^i^OjNjBr  requires  0-457;  H-4-8  ;  Br -25*4  per  cent. 

J/sUyf  &rwwof4siiyttytlrajiirfiiits<i4>fiita/oiia<#  melts  at  96®,  and  it  Twry 
■oluble  in  boiling  aloohol  or  beniene,  bat  rather  sparingly  so  in  the 
latter  solvent  in  the  cold. 

Aaim  qf  Alkalu  on  ths  Compound  Q^fi^fi^^  (p.  1227). 

The  bright  red  compound  Oi^Uj^O^N^  dissolves  in  caustic  soda, 
forming  a  deep  orange-red  solution,  and  if  this  is  at  once  acidified,  a 
good  deal  of  the  substance  is  precipitated  unchanged.  The  alkaline 
■olotion,  however,  soon  becomes  paler  in  colour,  and  oommenoes  to 
deposit  a  erjstalline  salt,  excess  of  alkali  hastening  the  [separation, 
as  the  salt  is  sparingly  soluble  in  strong  alkaline  solutions.  The 
aluB/  mass  of  satiny  plates  is  collected  at  the  pump  and  washed 
with  dilate  caustic  soda  until  the  filtrate*  is  no  longer  deep 
yellow ;  the  buff-coloured  residue  is  dissolved  in  hot  water,  acidified 
with  hydrochloric  acid,  the  precipitate  washed  and  dissolved  in  boiling 
benxene,  when,  on  cooling,  the  new  substance  separates  in  thin,  buff- 
coloured  scales  which  melt  at  163 — 164®. 

01515  gave  0*3201  00,  and  0*0643  H,0.     0-57*6  ;  H-47. 
0*1692     „     29  6  C.C.  of  nitrogen  at  16®  and  759  mm.     N-204. 
0„H„0,N^  requires  0  -  57*4 ;  H  -  4*4 ;  N  -  20*6  per  cent. 

This  acid  is  very  sensitive  to  light  and  rapidly  becomes  brownish* 
yellow  when  exposed  to  sunlight  It  dissolves  readily  in  dilute  am- 
monia and  also  in  sodium  carbonate  solution,  and,  as  it  is  insoluble  in 
water,  it  could  be  directly  titrated.  The  experiment  showed  that  1*4 
grams  required  for  solution  28  c&  of  normal  sodium  hydroxide, 
whereas  a  monobasic  acid  of  the  formula  CjgUj^OgK^  would  neutralise 
27-3  C.C 

The  ealeium  salt.  In  preparing  this  salt,  the  solution  of  the  add 
in  the  exact  amount  of  caustic  soda  was  warmed,  mixed  with  a  few 
drope  of  calcium  chloride,  and  well  shaken.  The  prscipiUt*  wao 
removed  by  filtration,  excess  of  calcium  chloride  added  to  tho 
filtrate,   and   the    precipiUted   salt,   which   was  geUttnous  at   first, 

*  On  seidifyiDg,  this  filtrate  deposit*  a  small  qosntiiy  of  a  aesrlst,  cryitalUas 
subsUnc*  which  has  not  been  farther  iavisrigifsd 


1254  PERKIN:  THE  ACTION   OP   NITKIC   ACID  ON 

but  soon  appeared  to  become  crystalline,  was  collected  at  the 
pump  and  washed  with  cold  water.  The  salt,  when  dried  over 
sulphuric  acid  in  vacuo,  becomes  strongly  electrical  and  difficult  to 
handle. 

0-5004  gave  0-1150  CaSO^.     Ca  =  6*7. 
0-4184     „     00954  CaSO^.     Ca  =  6-7. 

(Ci3Hu03N4)2Ca  requires  Ca  =  G-8  per  cent. 

The  barium  salt  was  prepared  in  an  exactly  similar  manner,  and  is 
a  pale  yellow,  very  insoluble,  amorphous  precipitate.  In  determining 
the  carbon  and  hydrogen,  the  substance  was  mixed  with  potassium 
bichromate,  which  accounts  for  the  hydrogen  being  somewhat  high. 

A  separate  determination  of  hydrogen  was  therefore  made  by 
burning  the  salt  with  copper  oxide  in  the  ordinary  way,  and  gave 
H  =  3*4  per  cent. 

0-2971  gave  04866  CO2  and  0-1094  Ufi.     C  =  44-9  ;  H  =  4-l. 
0-3082     „     0-1055  BaSO^.     Ba  =  20-1. 
(Ci8Hii03N4)2Ba  requires  0  =  458;  H  =  3-3 ;  Ba  =  202  per  cent. 

The  methyl  ester.  In  preparing  this  derivative,  the  sodium  salt  of 
the  acid  was  heated  in  a  bottle  with  methyl  iodide  at  100°  for  half  an 
hour,  when  the  product  contained  a  heavy  oil  which,  on  cooling, 
solidified  to  a  mass  of  prismatic  crystals.  These  were  pressed,  washed 
with  methyl  alcohol  and  dilute  sodium  carbonate,  and  crystallised 
from  methyl  alcohol,  from  which  the  methyl  ester  separated  in  oblique, 
almost  colourless,  crystals. 

0-1826  gave  0-3942  COg  and  0-0821  Kfi,     0  =  58-8  ;  H-5-0. 
0-2171     „     36-4  c.c.  of  nitrogen  at  18°  and  752  mm.     N  =  19-2. 
01641     „     0-3530  002>nd  00760  HjO.     0  =  58-7;  H-5-1. 
01 247     „     20-9  C.C.  of  nitrogen  at  13°  and  754  mm.     N«19-6. 
OjgHjjMeN^Og  requires  0  =  58-7  ;  H  =  49  ;  N  =  19-6  per  cent. 

This  methyl  ester  melts  at  88 — 89°  and  is  sparingly  soluble  in  cold 
alcohol.     It  rapidly  becomes  yellow  when  exposed  to  light. 

With  regard  to  the  constitution  of  the  remarkable  acid  0,3HjjO,N^, 
it  is,  as  explained  in  the  introduction,  difficult  to  assign  a  satisfactory 
formula  to  it.     The  most  probable  expression  seems  to  be 

C-H.-N-N-0-CO-CMe,-CO,H 

I     \ii  9 

n:n-c 

and  the  name  huggested  is  pttenylUtrazinedimeihylmaUmylie  acid. 
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ThfadMonpotiiioii  was  oarefull/  ttadiad  in  order  to  ooUin  foribor 
ooatoykikm  of  Um  rrauurkable  retulu  obtained  in  tbe  inTettigaiion 
of  ibe  action  of  alkalis  on  the  compound  Cj^H^^O^N^  (p.  1253).  W^btn 
Um  tubetanoe  Ci^Hj^O^N^Br  was  treated  with  water  and  a  little 
•oda,  it  dissolved,  forming  a  yellow  solution  from  which  satiny 
soon  commenced  to  separate,  the  crystallisation  being  much 
facilitated  by  the  addition  of  excess  of  alkali.  After  remaining  for  a 
couple  of  hours,  the  crystals  were  collected  at  the  pump,  washed  with 
canstib  sods,  and  the  residue,  which  was  now  only  slightly  coloured, 
diaaolTed  in  water  and  acidified  with  hydrochloric  acid.  The  precipitate, 
which  at  first  was  viscid  but  soon  became  brittle,  was  well  washed  with 
water,  dried,  and  dissolved  in  a  small  amount  of  hot  benzene,  from  which 
tbe  new  substance  separated,  on  cooling,  in  pale  yellow,  lustrous  prisms 
whidi  oootain  one  molecule  of  benzene.  When  dried  at  100°,  the  crystals 
beeone  opaque  and  lose  10-1  per  cent,  in  weight,  whereas  the  formula 
(^C„HjiO,N4Br)2,C«H0  contains  10*9  per  cent,  of  benzene.  That  the 
loss  of  weight  is  due  to  benzene  was  proved  by  drying  a  quantity  of 
the  sabetance  in  a  current  of  carbon  dioxide  and  leading  the  vapours 
through  fuming  nitric  acid,  when  crystals  of  dinitrobensene  were 
obtained. 

For  analysis,  the  substance  was  dried  at  100° : 

0-1622  gave  0-2660  CO,  and  0-0499  H,0.     C-  447  ;  H-8-4. 
01491     „      20-5  c.c.  of  nitrogen  at  18°  and  770  mm.     N-16-2. 
0-4518     „     0-2391  AgBr.     Br -225. 
CjjHuOjN^Br  requires  C  -  444 ;  H  -  3  3  ;  N  - 160  ;  Br  -  228  per  cMit 

This  add  melts  at  154°  and  is  obviously  analogous  to  the  acid 
CisHijOgN^  which  is  produced  by  the  action  of  alkalis  on  the  com- 
pound Ci^H^gO^N^  (p.  1253).  lU  constitution  is  therefore  probablj 
represented  by  the  formula 

C.H^Br-N-N-C-CO-CMe,-00,H 

n:n-c 


The  Action  qf  SemmarbaziiU  on  th$  Subdane$  C^fl^fi^Vf. 

In  investigating  this  action,  a  hot  alcoholic  solution  of  C|fH|gO,N, 
was  mixed  with  a  strong  aqueous  solution  of  semicarbaside  hydro- 
chloride and  sodium  acetate,  the  quantities  used  being  one  molecular 
proportion  of  Cj^HjgOgN,  to  two  of  the  semicarbazide. 
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The  solution  gradually  became  pink,  and  a  white,  crystalline  sub- 
stance commenced  to  separate  and  slowly  increased  in  quantity  during 
several  days.  The  precipitate  was  washed,  first  with  alcohol  and  then 
with  water,  and  afterwards  extracted  with  boiling  alcohol,  in  which  it  is 
very  sparingly  soluble.  Two  different  preparations  were  analysed 
with  the  following  results : 

0-1627  gave  0-2209  COo  and  00798  Ufi.     C  =  37-l  ;  H  =  5-4. 
0-1625     „     32-6  c.c.  of"  nitrogen  at  19°  and  769  mm.     N«  23-3. 
0-1791     „     0-2415  CO2  and  00834  Hfi.     C  =  36-8;  H  =  5-2. 
0-1629     „     33-9  c.c.  of  nitrogen  at  15°  and  750  mm.     N  =  24*1. 
CgHij-OgNg  requires  C  =  37-3  j  H  =  5-l ;  N  =  24-2  per  cent. 

This  substance  melts  at  about  170°  with  rapid  evolution  of  gas 
and  the  fused  mass  is  dark  brown  in  colour  (see  p.  1228). 

It  may  be  recrystallised  from  a  large  quantity  of  boiling  alcohol,  but 
appears  to  be  decomposed  to  some  extent  during  the  operation.  The 
specimen  used  in  the  first  analysis  had  been  recrystallised  in  this 
way.  It  dissolves  in  hot  dilute  hydrochloric  acid,  yielding  a  brown 
solution,  and  when  it  is  heated  with  caustic  potash  it  is  decomposed 
with  evolution  of  ammonia. 

As  explained  in  the  introduction  (p.  1228),  this  substance  probably 
has  the  constitution 

OH-NIC-CO-CMej-COjMe 

nh2-co-nh-n(oh)-n:ch  * 

and  is  therefore  methyl  semicarbazigli/oxiniedimethylmalonylcUe. 


27te  Reductuyn  of  tlie  Substance   Cj^HjgOgNg  by  meant  qf  2Vn   and 
Jlydroc/Uoric  Acid. 

In  carrying  out  this  reduction,  the  substance  C^^HjgOgNj  (10  grains) 
was  dissolved  in  about  30  c.c.  of  alcohol,  an  excess  of  granulated 
tin  was  added,  and  then  15  c.c.  of  concentrated  hydrochloric  acid. 
On  heating  the  mixture  to  the  boiling  point,  very  vigorous  action 
set  in,  and  continued  without  any  further  heating  for  a  short 
time;  this  rapidly,  slackens,  the  operation  being  complete  in  about 
5  minutes.  The  pale  yellow  solution  was  then  decanted  from  the 
undissolved  tin  and  allowed  to  cool,  when  it  soon  began  to  deposit 
crystals,  and  in  the  course  of  24  hours  became  semi-solid.  After  several 
such  operations  had  been  made,  the  product  was  placed  on  a  vaouum 
filter,  the  crysUls  washed,  first  with  a  little  alcohol  and  then  with 
water,  and  afterwards  dried.  The  yield,  from  10  grams  of  Cj^HjgOgN,, 
of  this  crystalline  product,  which  may  be  called  A^  was  usually 
4  grams. 
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Tbe  filtraU  from  A^  when  diluted  with  a  eoiicid«r»bl«  quftDtiij  oC 
water  and  allowed  to  remain  for  S4  boons  <i«p(MiUd  a  qoantttj  of  a 
white  subetanoe  B, 

Ah&t  renoviog  the  tin  by  sulphuretted  hydrogen,  the  filtrate  waa 
found  to  oontain  ammonium  chloride,  and,  as  it  alto  reduced  Febling'e 
eolutioe  in  the  cold,  bydrozylamine  was  probably  also  present.  Th« 
mIuUoo  also  contained  a  small  quantity  of  some  organio  eompoand 
wbich  became  yellow  on  the  addition  of  oaastio  alkali.  The  eryatal- 
Hne  subetanoe  A,  when  dissolved  in  boiling  alcohol  and  rapidly 
filtered,  quickly  deposited  a  quantity  of  flat,  pale  primrose-yellow 
needles,  which,  when  very  small,  appear  almost  white.  After  two  or 
three  crystallisations,  these  were  obtained  pure  and  melted  at  177^, 
the  yield  being  about  18  per  cent,  of  the  Cj^HjgOgN,  employed.  The 
formula  of  the  substance  A  is  Cj,Hj405N2. 

The  first  alcoholic  mother  liquors,  when  concentrated,  yielded  a 
further  small  quantity  of  the  same  substance,  and,  after  this  had  been 
filtered  off  and  the  filtrate  evaporated  to  a  small  bulk,  a  white 
•abstanoe  separated  in  slender  needles. 

When  crystallised  tbree  or  four  times  from  alcohol,  the  purified 
product  melts  at  about  154°  with  decomposition,  but,  if  the  heating  is 
rapid,  at  157°,  or  even  slightly  higher.  This  substance  has  the  formula 
Cj^H^OgN^  and  the  yield  obtained  from  10  grams  of  Ci^HigOgN,  was 
about  2*5  grams.  The  mother  liquors  contain  small  quantities  of  an 
isomeric  compound  (m.  p.  175 — 177°),  but  most  of  the  latter  is 
contained  in  the  product  B. 

The  latter  was  first  freed  from  a  little  oily  matter  by  extracting  two 
or  three  times  with  boiling  light  petroleum,  and  then  dried  and  dis- 
solved in  ether;  the  solution,  when  concentrated,  slowly  deposited 
slender  needles,  which  were  collected  and  crystallised  a  few  times 
from  ether.  The  substance  then  melted  at  154°,  and  was  found  on 
examination  to  be  identical  with  the  above-mentioned  compound 
Cj^HjQOgN^  The  ethereal  mother  liquors,  when  further  concentrated, 
yielded  small  quantities  of  the  same  substance,  and  afterwards  a 
mixture  of  this  with  the  isomeride,  melting  at  175 — 177°.  When 
this  mixture  was  submitted  to  a  number  of  fractional  cryi^tallisatiooe, 
rejecting  always  the  least  soluble  portions,  the  subsUnce  melting  at 
175 — 177°  was  ultimately  obtained  in  a  pure  condition.  It  is  much 
more  soluble  than  the  subNtioce  melting  at  154^,  and  crystallises  in 
hard  masses  which  are  no#well  defined,  but  generally  consist  of  four- 
jnded,  oblioue  tables. 
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JCxamination  of  ifie  Substance  Cj^Hj^O^N^,  m.  p.  177°. 

0-1279  gave  0*2619  COg  and  00692  HgO.     C  =  55-8 ;  H- 6-0. 
0-1869     „     0-3815  COg    „    01013  HgO.     C  =  55-7;  H  =  6-0. 
0-1268     „  11-6  c.c.  of  nitrogen  at  15°  and  742  mm.     N  =  10-4. 
0-1709     ,.15  c.c.         „         „         15°    „    771mm.     N  =  10-4. 
CijHigOgNg  requires  0  =  55-7  ;  H  =  5-7 ;  N  =  101  per  cent. 

The  name  proposed  for  this  substance  is  the  lactone  of  methyl  ylyazine- 
dihydrotetramethyldimalonylate  (see  p.  1229),  and  in  order  to  get  some 
clue  as  to  its  constitution  it  was  first  examined  for  methoxyl  groups 
by  Zeisel's  method. 

0-3450  gave  02850  Agl.     MeO  =109. 
CigHjflOgNg  containing  one  methoxyl  group  requires  MeO  =11-1  percent. 

It  was  next  found  that  it  does  not  react  with  acetyl  chloride  and 
therefore  does  not  contain  hydroxyl  groups. 

The  seniicarbazone. — The  substance  CjgHjgOgNg  (1  gram)  was  dis- 
solved in  boiling  alcohol,  mixed  with  a  strong  aqueous  solution  of 
semicarbazide  hydrochloride  (2  grams)  and  crystallised  sodium  acetate 
(2-5  grams),  when  the  semicarbazone  together  with  some  sodium 
chloride  soon  crystallised  out.  After  24  hours,  the  liquid  was 
decanted  from  the  crystals,  the  latter  were  washed  with  a  small 
quantity  of  alcohol,  and  then  with  water ;  this  left  the  semicarb- 
azone as  a  colourless,  crystalline  mass  which  weighed  about  0*4  gram 
and  melted  at  about  230°.  A  further  small  quantity  was  obtained 
by  concentrating  the  alcoholic  mother  liquors. 

0-1560  gave  02850  CO2  and  00824  HgO.     C  =  49-8 ;  H - 5-9. 
0-1252    „      22-2  c.c.  of  nitrogen  at  17°  and  752  mm.     N-20'4. 
Cj^HiaOftNji  requires  0  =  498;  H  =  56  ;  N  =  208  per  cent. 

The  oxime.  In  preparing  this  substance,  hydrozylamine  sulphate 
(1  gram)  was  dissolved  in  a  small  amount  of  water  to  which 
sodium  acetate  was  added  together  with  sufficient  alcohol  to  pre> 
cipitate  the  bulk  of  the  sodium  sulphate.  The  filtered  solution  was 
added  to  the  substance  Oj^Hj^OgN,  (1-4)  dissolved  in  boiling  alcohol. 

On  cooling,  a  little  unchanged  substance  was  deposited,  and  removed 
by  filtration ;  the  filtrate  was  concentrated  to  about  one-third  of  its 
bulk,  when  four-sided  crystals  slowly  separated.  These  were  collected, 
washed  with  alcohol,  and  then  with  water,  to  remove  any  trace  of 
sodium  sulphate,  and  then  again  with  alcohol.  The  ozime  now  melted 
at  136°  and  gave  the  following  results  on  analysis  : 
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OlSiS  gav«  0  S428  CX),  and  0  0667  H^O.    0  -  53  3 ;  U  -  5*9. 

0*1493     H     19  CO.  of  nitrogeii  at  IT  and  733  mm.     N  - 14*3. 

C,«U,yO»N,  nquin^  C  -  52  9  ;  U  -  5  7  ;  N  -  U  3  p«r  Mnt. 

AciUn  qf  pktnylAydffumni.  When  an  alcoholic  tolution  of  phenyl* 
hjdraxine  and  some  acetic  acid  is  added  to  a  boiling  alcoholic  solution 
of  the  sabatanoe  OigHj^O^N,,  the  solution  soonbegins  to  depo»it  small, 
brillianti  prismatic  crystals  having  a  primrose-yellow  colour,  which  are 
sparingly  soluble  in  boiling  alcohol  and  melt  at  270°. 

By  using  p-bromophenyl hydrazine  in  the  place  of  the  phenyl- 
hydrazine,  and  conducting  the  operation  in  the  same  way,  brilliant 
eryttals  similar  to  the  above,  but  melting  at  196^  are  obtained. 

Thass  sabstancee  have  not  been  further  examined. 

Aetion  of  aUalU.  The  substance  GisHj^O^N,  dissolves  in  aqueous 
caustic  potash  with  evolution  of  heat,  yielding  an  orange-red  solution 
which  afterwards  becomes  somewhat  paler.  If  this  solution  is  warmed, 
it  becomes  yellow  and  then  nearly  colourless,  and,  when  boiled,  gives  off 
ammonia  and  methyl  alcohol.  The  acidified  solution,  on  distilUtion, 
giTM  small  quantities  of  hydrocyanic  acid  and  a  volatile  fatty  acid, 
wfaieh  is  probably  itobutyric  acid. 

From  the  residue,  a  solid  acid  was  obtained  by  extracting  with 
•Uier,  which,  after  purification  by  conversion  into  the  zinc  salt,  melted 
at  190°  and  consisted  of  pure  dimethylmalonic  acid.  The  amount  of 
this  acid  was  considerable,  being  about  1  gram  from  2*5  grams  of  the 
sobstaDce  Ci.HjeOjN^ 

When  the  substance  CisHj^O^Nj  (in  quantities  of  not  more  than 
0*5  gram)  is  ground  into  a  paste  with  water  and  then  stirred  with 
cold  aqueous  potash,  it  becomes  orange-red  and  soon  dissolves.  If 
the  mass  is  at  once  poured  into  dilute  hydrochloric  acid,  a  pre- 
cipitate is  produced,  and  after  a  few  hours  this  is  collected,  washed 
with  water,  and  dried.  From  alcohol,  in  which  it  is  only  moderately 
soluble,  the  substance  separates  in  colourless  needles,  which,  when 
heated  in  a  capillary  tube,  become  red  and  melt  at  314°  with 
decomposition. 

01696  gave  03373  CO,  and  0*0835  H,0.     C-54-2;  H-5-4. 
01361     „     0-2706  CO,    „   00662  H,0.     0-541 ;  H-5-4. 
0-2394     „     22-4  c.c,  of  nitrogen  at  19°  and  752  mm.     N  -  10*6. 
CijH^OjN,  requires  C  -  541  ;  H  -  53  ;  N  -  105  per  cent. 

This  sobstanoe  is  therefore  the  lactone  of  gljfoxinedihjfdroitimmeihj^ 
dimalon^Ue  add, 

n:c-ch-cmvOO,h 

I  I  ^«^       • 

N:C-C0-CMe,-C0 
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produced  from  the  methyl  ester,  Ci^HjgO^N^,  by  simple  hydrolysis.  The 
barium  salt,  (Ci2Hj305N2)2Ba,  was  prepared  by  boiling  the  acid  with 
water  and  barium  carbonate.  The  clear  solution,  on  evaporating  to  a 
small  bulk,  deposited  the  salt  as  a  crystalline  mass,  which  was 
collected  and  dried,  first  over  sulphuric  acid  and  then  at  100°. 

0-2057  gave  0071 7  BaSO^.     Ba=  20-5. 

(Cj2Hi305N2)2Ba  requires  Ba  =  20*5  per  cent. 

This  salt  is  rather  soluble  in  water,  and  when  the  solution  is  acidi- 
fied with  hydrochloric  acid,  the  acid  separates  and  melts  at  214°, 
showing  that  no  change  had  taken  place  during  the  boiling  with 
water  and  barium  carbonate.  When  the  acid  is  heated  in  a  sealed 
tube  with  methyl  alcohol  and  hydrochloric  acid  at  100°,  it  is  converted 
into  the  methyl  ester,  CigHjgOgNg,  from  which  it  had  been  obtained 
by  hydrolysis. 

When  this  methyl  ester,  CijHjgOgNg,  is  ground  with  water  and 
mixed  with  piperidine,  it  becomes  orange-yellow,  and  partially  dis- 
solves with  a  slight  rise  of  temperature.  On  heating  on  the  water- 
bath,  simple  hydrolysis  takes  place,  the  solid  soon  disappears,  and  an 
orange-coloured  solution  is  formed.  Hydrochloric  acid  precipitates 
from  this  a  copious,  yellowish-white  precipitate,  which,  when  washed 
and  dried,  crystallises  from  alcohol  in  small,  prismatic  needles,  melts 
at   213°,  and  consists  of  4ihe  lactone  acid,  CigHj^OgN^. 


Examination  qf  the  Substance  Cj^HgoOgNj,  m,  p.  154°. 

0-1710  gave  03076  CO2  and  0  0924  Hfi.     C  =  49  0;  H  =  6-0. 
01605      „     11-6  c.c.  of  nitrogen  at  12°  and  765  mm.     N-8-6. 
Cj^HjoOgNj  requires  C  =  488  ;  H  =  5*8  ;  N  -  82  per  cent. 

The  name  proposed  for  this  substance  is  methyl  glyoximeperaxtds- 
dihydrotetramethyldimaUmylatei  and  its  constitution,  which  is  discussed 
on  p.  1230,  is  probably  : 

9-N:C-CH(0H)-CMe,-C0,Me 
0-N:C-00-CMe,-CO,Me 

It  18  slightly  soluble  in  water  and  has  a  very  bitter  taste.  Like 
the  substance  CijHj^O^N^,  it  dissolves  in  aqueous  alkalis  forming  an 
orange-red  solution,  and,  when  boiled  with  caustic  potash  solution, 
deoomposition  sets  in,  and  on  acidifying  and  extracting  with  ether, 
dimethylmalonio  acid  is  obtained. 

The  •emioarhazone  was  prepared  by  mixing  3  grams  of  the  substance 
dissolved    in    5   cc.    of    boiling    aicohol  with    an  aqueous  solution 
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of  S  gtmmt  of  temioarbaBtde  hydrochloride  and  S*ft  fraaa  of  eiTttel- 
litod  aodium  aceUU;  souUl,  pritmmtio  orjtUU  tooo  eomaioootd  to 
MparmU,  aod  in  about  a  week  thoM  had  iDoreattd  to  a  contidorablo 
•ziooi.  The  subetanoo,  when  wathod  with  aloohol,  then  with  wator, 
and  again  with  alcohol,  waa  dried  and  analjsed : 

0*1698 gave 0  3771  00, and  0*0914  H,0.   0-U*5;  U- 6-0 pw cent. 
0*1381     „     19*9  cc  of  nitrogen  at  le*"  and  770  mm.     N-  171. 
C|iH„0,N,  roqairee  C  -  44  9  ;  H  -  5  7  ;  N  -  17  4  per  cent. 

TIm  temioarbatone,  prepared  in  this  way,  melts  at  about 
168—170*^;  it  is  sparingly  soluble  in  cold  alcohol,  but  may  be  cryttal- 
liaed  from  boiling  alcohol,  and  is  then  obtained  in  groups  of  short 
erystals  which  melt  at  170—172^. 

When  an  alcoholic  solution  of  the  substance  Oj^H^OgN,  (m.  p.  154°) 
is  tioated  with  phenyl hydrasine  and  acetic  acid,  long,  transparent, 
pale  yellow  crystals  separate,  which  melt  at  205'';  these,  however, 
were  not  further  inyestigated. 


Ixaminotton  of  (Ae  StAtiane$  Oi^H^OsN^  m.  p.  177°. 

01555  gave  0*2785  00,  and  0  0820  H,0.     0-48*9  ;  H-6  9. 
01760    „     12*8  cc  of  nitrogen  at  15°  and  770  mm.     N-i8*2. 
0*1982     „     14*5    „  „  20°    „    762  mm.     N-8  4. 

Oi«H,oOgN,  requires  0-488;  H-5*8;  N- 8*6  per  cent. 

This  sabstanoe  is  evidently  methyl  glf/oximeUlranuthyldimatomflmU 

H0-N:C-C00Me,-00,Me 
HO-N  :C-00-OMe,-00,Me' 

and  its  constitution  is  discuraed  on  p.  1230 : 

It  is  isomeric  with,  but  differs  widely  in  its  properties  from,  the 
foregoing  sobsUnoe  melting  at  154°  (p.  1260).  Both,  howerer,  yield 
the  substance  Oj^Hi^O^N,  on  oxidation  with  dilute  nitric  acid. 

On  treatment  in  the  cold  with  strong  caustic  potash  solution,  it  yields 
a  plastic  mass  which,  when  rubbed,  becomes  a  hard,  yellow  powder ; 
this  dissolves  in  water  forming  an  orange-yellow,  intensely  bitter 
solution,  and,  on  acidifying  with  hydrochloric  acid,  the  original 
subetanoe  is  reprecipitafbd.  Boiling  caustic  potash  solution  deoom* 
poees  the  sobstaooe  with  formation  of  dimethylmalonio  acid ;  it  does 
not  yield  a  aemiearbasone. 

The  dioptt^  compound.  When  boiled  with  acetic  anhydride  for  a 
lew  minutes,  the  substance  Oj^H^^O^N,  (m«  pw  177°)  dissolves,  forming 
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a  colourless  solution  and,  after  some  hours,  brilliant,  colourless 
crystals  separate.  These  were  quickly  recrystallised  from  alcohol  and 
analysed  : 

0'1486  gave  02754  COj  and  00770  H^O.     C  =  50*6  ;  H  =  57. 
01991     „     11-7  C.C.  of  nitrogen  at  18°  and  756  mm.     N  =  6-7. 
Ci4Hi8N2(C2HgO)208  requires  C-:50'4;  H-5-6;  N-6-5  per  cent. 

This  diacetyl  compound,  when  boiled  with  alcohol,  is  slowly  hydrolysed 
and,  on  cooling,  crystals  of  the  substance  Cj^HgQOgNg  (m.  p.  175 — 177°) 
separate. 


Reduction   of  the   Substance  Cj^Hj^OgNg  with   Zinc  Dust  and  Acetic 

Acid. 

In  carrying  out  this  experiment,  the  substance  was  dissolved  in 
glacial  acetic  acid  at  about  40°,  and  a  considerable  excess  of  zinc  dust 
slowly  added  in  small  quantities.  The  solution  immediately  became 
deep  yellow,  but,  as  the  temperature  gradually  rose  to  the  boiling 
point,  the  colour  almost  entirely  disappeared.  On  adJing  water, 
nothing  separated,  and,  after  filtering  from  the  undissolved  zinc, 
the  solution  was  distilled  in  steam  in  order  to  remove  as  much 
acetic  acid  as  possible.  The  residue  in  the  distilling  flask  was 
concentrated  considerably  and  allowed  to  remain  overnight;  the 
deep  yellow  crystals  which  had  separated  were  then  collected  and 
washed  with  water.  After  repeated  recrystallisation  fi-om  methyl 
alcohol,  in  which  the  pure  substance  is  very  sparingly  soluble,  yellow, 
crystalline  crusts  were  obtained  which,  on  analysis,  gave  the  following 
results: 

01327  gave  02795  COj  and  00734  H^O.     C  =  57-5;  H«60. 
0*2244     „     21-5  C.C.  of  nitrogen  at  15°  and  750  mm.     N-  IM. 
CijHi^O^Na  requires  C- 57-6;  H-.5-6j  N- 11-2  per  cent. 

As  explained  in  the  introduction,  this  substance  is  probably  the 
dilaetone  of  gli/a»inetetrafii/drotetramethyldimal<mylio  acid  (p.  1230)  : 

N:0-CH-CMe,'CO^ 


N:C-CH«OMe,-CO 

^ O 

It  softens  at  about  255°  and  melts  at  270 — 275°  with  deoompoaition ; 
It  dissolves  readily  in  aqueous  caustic  alkalis,  requiring  for  cbmplete 
solution  two  molecular  proportions  of  caustic  soda.  The  dilactone  does 
not  dissolve  in  dilute  ammonia  or  sodium  carbonate  solution  in  the  coldj 
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•v«o  oo  wmroung,  dittoloiion  takot  pUot  only  tlowlj.  Daring  Um 
bmtion  of  th«  tubsUnoe,  i%  w«i  noUotd  that  a  fluff/  jallow 
formed  on  the  tube,  which  nabeiquentlj  melted  and 

with  ffre^t  difTimili  v. 


in  coDcluMon,  1  wi^iii  to  express  my  thanks  to  Bfeuriw  Joeeph  TatM 
and  D;  Trevor  Jones,  of  Owens  Oollege,  for  their  Taloable  essistan— 
Im  aoDiieelion  with  the  large  amount  of  analytical  work  required  by 
tUtrtMaroh. 


CXX. — ITie  Reactwn  h,t,rrrn  Phosphorus  and  Oxygen. 

Vavt  I. 

By  Edward  John  Russkll. 

It  is  well  known  that  the  rate  of  oxidation  of  phosphorus  increases 
ss  the  pressure  of  oxygen  diminishes,  and  no  satisfactory  explanation 
of  this  apparent  exception  to  the  law  of  mass  action  has  yet  been  giren. 
A  careful  study  of  the  reaction  has  been  made,  and  sereral  other 
anomalies  have  been  found.  This  paper  contains  the  results  of  the 
first  part  of  the  investigation. 

Preparation  of  the  Materials, 

(1)  The  phoephonis,  which  had  been  proved  to  be  free  from  arsenic, 
was  heated  with  phosphorus  trichloride  in  a  sealed  tube  at  200^  for  two 
days  in  order  to  decompose  any  hydride ;  the  trichloride  was  then 
distilled  off,  the  last  traces  being  removed  in  a  current  of  carbon 
dioxide.  Another  tube,  with  side  tubes  attached,  was  now  sealed  on 
to  the  reaction  tube  and  the  apparatus  exhausted.  Heat  was  applied, 
when  the  phofiphorus  distilled  over  and  was  collected  in  the  side 
tubes,  the  pump  being  continuously  in  action  so  as  to  remove  the 
small  quantities  of  gas  which  are  evolved.  The  tubes,  which  wero 
quickly  sealed  off  and  kept  in  a  dark  place,  now  contained  the  phos- 
phorus as  a  dear,  highly  refractive  lijuid.  which  after  a  time  set  to 
a  white,  waxy  solid. 

(2)  The  method  of  purifying  the  pno^pnonc  oxide  was  that  recom- 
mended by  Sbenstone  and  Beck  (Trans.,  1893,  d3,  475),  the  ozido 
being  distilled  in  a  stream  of  oxygen  over  red-hot  spongy  platinum 
until  the  product  no  longer  reduced  a  solution  of  silver  nitrate. 

(3)  The  oxygen  was  obtained  from  recryetallised  potassium  chlorate 
which  had  been  kept  fused  for  some  time  to  expel  moisture.     This  waa 
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transferred  to  a  hard  glass  tube  closed  at  one  end,  and  the  other  end 
was  then  drawn  out  to  form  a  delivery  tube. 

Duplicate  experiments  were  sometimes  made  with  oxygen  obtained 
from  potassium  permanganate,  but  no  difference  in  the  results  could 
be  detected. 

The  apparatus  (see  Fig.  1)  was  thoroughly  cleaned  out  with  boiling 
concentrated  nitric  acid  and  dried  at  a  high  temperature.  The  end 
of  the  gauge  C  was  dipped  under  mercury,  and  the  whole  exhausted 
by  a  Toppler  pump.  Purified  phosphorus  pentoxide  was  then  distilled 
into  B  and  D  and  phosphorus  into  A^  the  pump  being  meanwhile  kept 
working.     The  supply  tubes  containing  these  two  reagents  were  then 


Fio.  1. 


sealed  off,  and  the  apparatus  left  as  shown  in  the  sketch.  After  some 
months,  when  it  was  thought  that  drying  was  complete,  the  second 
part  of  the  apparatus  was  sealed  on  through  a  T-piece  afterwards 
joined  to  the  pump.  This  was  so  arranged  that  the  oxygen  generated 
in  G  could,  in  the  first  series  of  experiments,  pasd  through  the 
phosphorus  pentoxide  in  E^  and  in  the  second  series  through  the 
sulphuric  acid  in  F  before  reaching  the  phosphorus.  The  completed 
apparatus  was  exhausted,  and  left  standing  for  a  further  period. 

First  Series, — A  and  B  were  surrounded  by  a  bath  of  ice  and  salt, 
and  oxygen  introduced  until  the  pressure  was  about  50  mm. ;  the 
temperature  was  raised  to  15°,  and  the  time  re^juired  for  abeorption 
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WM  found  to  be  about  one  hour.  The  amount  of  water  preeeut  in 
oxygen,  when  dried  in  thia  way,  ia  eonaidered  by  Morley  to  be  not 
more  than  1  milligram  in  40,000  Uirea  {Ammr,  J,  Sei,,  1887,  di,  300). 

S$oo>md  iStriea— The  oxygen,  being  dried  by  aulphurio  acid,  oontaina 
about  1  milligram  in  400  litree  (Morley,  /oe.  ca,)\  the  rate  of  abwrp- 
lioii  was  very  rapid,  only  2  or  S  minutea  being  required. 

f%in^  Sirut.— Two  similar  tubes  conUining  quantities  of  phoe* 
phoms  with  approximately  equal  surfaces  were  prepared  (see  Fig.  2) 
and  filled  with  oxygen.  In  the  one,  sulphuric  acid  was  present,  and 
in  the  other,  water.  The  dried  phosphorus  reacted  much  more  quickly 
than  the  moist. 

Tbeee  experiments  show  that  an  increase  in  the  amount  of  water 
increases  the  velocity  of  oxidation,  but  that  a  maximum  is  soon 
reached,  after  which  further  additions  have  a  retarding  influence. 
Many  attempts  were  made  to  determine  the  limits  within  which  the 
most  favourable  quantity  of  water  lay,  but  with  only  partial  sucoess. 
The  general  result  was  that  oxidation  was  most  rapid  when  the  phoa- 
phorus  and  oxygen  had  been  dried  over  sulphuric  acid,  and  the 
phenomena    of    oxidation    in    these  circumstances    were    carefully 


Subttancet  farmed  during  OxidaHon, 

Schbnbein  (Poggendorff' $  Annalen,  1845,  66,  69  ;  also  ibid.,  169)  and 
Sohmidt  (/.  fir.  Chmn.,  1866,  98,  414)  showed  that  unleea  water  ia 
present  neither  hydrogen  peroxide  nor  ozone  is  produced.  My  ex- 
periments fully  confirm  this  result.  Phosphorus  was  distilled  into  an 
exhausted  tube  connected  at  either  end  with  sulphuric  acid  drying 
bulbs ;  the  apparatus  was  left  to  dry  ;  oxygen  was  passed  through 
and  then  treated  with  potassium  iodide  and  starch  solution.  The  ex- 
periment was  repeated  under  pressures  varying  from  100  mm.  to  760 
muL,  both  with  oxygen  and  air,  but,  although  oxidation  was  rapid 
and  the  phosphorus  glowed  brightly,  ozone  could  not  be  detected. 

When  moist  oxygen  was  passed  over  the  phosphorus,  both  osone  and 
hydrogen  peroxide  were  formed  in  notable  quantities. 

The  production  of  ozone  during  the  oxidation  of  phcephoma,  tbara* 
fore,  requires  the  intervention  of  a  large  amount  of  water,  and  does  not 
take  place  in  presence  of  the  small  quantity  most  favourable  for  the 
reaction  of  oxidation*  The  experiments  dealt  with  in  this  part  of 
the  paper  are  therefore  not  complicated  by  the  presence  of  otone  or 
hydrogen  peroxide.  • 

The  oxides  produced  are  white  ;  red  and  yellow  sobstanoea  are  only 
produced  in  the  light  or  towards  the  end  of  the  reaction  whan,  aa  will 
afterwards  be  seen,  the  velocity  of  oxidation  increases  rapidly  and  tha 
temperature  rises. 
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TJi€  Velocity  of  Oxidation, 

Ikeda  {Journ.  Coll.  Set.  Imperial  Univ.  Japan^  1893,  6,  43)  has 
studied  the  velocity  of  oxidation  in  moist  air  and  found  that  it  was 
proportional  to  the  partial  pressure  of  oxygen  up  to  a  certain  point. 
Ewan,  in  a  very  interesting  paper  (Phil.  Mag.^  1894,  38,  505),  con- 
firmed this  result,  and  claimed  to  obtain  a  similar  one  for  moist  oxygen. 
In  dry  oxygen,  however,  the  process  appeared  to  be  different ;  the 
velocity  seemed  to  be  proportional  to  the  square  root  of  the  pressure 
of  the  gas.  He  supposed  that  the  rate  of  oxidation  was  proportional 
also  to  the  rate  of  evaporation  of  the  phosphorus,  and  modified  the 
usual  equation  by  introducing  Stefan's  equation,  v  =  c.log/*/(/*-p'), 
whore  »,  P,  p  are  the  rate  of  evaporation,  total  pressure,  and  vapour 
pressure  of  the  evaporating  substance  respectively,  whilst  c  is  a 
constant.  This  expression  was  obtained  by  studying  the  rate  at  which 
ether  evaporated  in  a  tube,  the  end  of  which  was  open  to  the  air. 
The  equation  therefore  becomes  : 

-dpidt  =  Kp.\ogP/(P-p), 

where  p  is  the  partial  pressure  of  oxygen,  F  the  total  pressure  due  to 
oxygen,  nitrogen,  water  vapour,  and  phosphorus  vapour,  and  p'  the 
partial  pressure  of  the  phosphorus  vapour.  This  is  easily  integrated 
and  gives  : 

where  Pq  is  the  total  pressure  at  the  beginning  of  the  reaction,  and  a 
the  pressure  of  nitrogen,  water,  and  phosphorus. 

As  indicated  by  Ewan's  tables,  the  values  of  A"  appear  to  be  fairly 
constant  in  the  experiments  with  moist  air,  but  this  does  not  usually 
happen  with  moist  oxygen  ;  out  of  nine  experiments,  satisfactory 
results  were  obtained  only  in  three  cases.  It  cannot  either  be  said  th»t 
the  results  justify  the  expression  given  for  oxidation  in  dry  oxygen ; 
the  total  fall  of  pressure  was  200  mm.,  but  only  over  the  last  70  mm. 
do  the  results  agree  with  the  expression. 

In  Fig.  2  (p.  1267),  C  is  a  tube  containing  glass  wool  soaked  in  pure  sul- 
phuric acid,  the  excess  of  which  can  run  to  the  bottom  at  g.  Into  this  is 
sealed  a  wide  tube,  i9,  carrying  some  bulbs  and  also  a  wide  tube,  A,  to 
hold  the  phosphorus.  Z)  is  a  mercury  gauge,  G  is  connected  with  a 
Toppler  pump,  and  F  with  a  Jena  glass  tube  containing  the  potassium 
chlorate. 

The  apparatus  having  been  exhausted,  A  is  heated  and  pure  phos- 
phorus carefully  distilled  into  J9,  the  pump  being  again  continually  in 
action  so  as  to  remove  t\\e  last  traces  of  gas ;  finally  A  is  sealed  ofif. 
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Tht  pliotpborat  oolIeeU  in  Urg«  dropt  all  OT«r  A,  a  Ujtr  of  liquid  alto 
Imi  in  Um  bolba.  ▲  larg«  sarfaoa  ia  aaiaiktial  to  Uia  iiiooMa  of  ibo 
•zparimtni.  A  tin  bath  it  now  plaoad  round  B  and  C,  ftllod  with  a 
mixture  of  ioe  and  salt^  ozjgeo  it  gooaratad,  at  first  to  waah  out  tht 
apparatut  and  then  to  fill  it  under  atmotphtrio  prettart*  tht  apparatus 
b  thea  staled  off  at  E,  being  thus  disconnected  from  the  pump  and  the 
ostjgen,  generator,  finally  the  freezing  mixture  is  dinplaced  by  water  at  a 
eonstant  temperaturtL  After  two  or  three  hours,  readings  of  the 
pctaamrt  were  taken  by  means  of  a  cathetometer  and  a  standard  brata 
toale.  The  results  are  set  out  below  in  the  first  two  columns  ;  the 
numbers  given  in  the  columns  K^^  AT,,  kc.f  are  obtained  by  substituting 


Fio.  2. 


KCIQ, 


@ 


The  dcttsd  Hnu  akam  tks  jMsMsa 
tMbe{k)kMbeem  teaUd  of  (Up. 


the  experimental  values  in  the  four  equations  given  below.  Should 
any  one  of  the  equations  represent  the  progress  of  the  reaetioii,  the 
numbers  obtained  would  be  constant. 

Under  the  heading  A\  are  given  the  valoet  calculated  from  the 
ordinary  equation, 

^dp/di  -   JTift 

which,  on  integration,  gives 


^.  -  V'°«^ 


(!)• 


The  Talnes  of  f ,  »n  «a)eiiUted  from  the  equation 

—  dpjdt  -  K^  ; 


K^i  =      « 
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on  integration,  this  becomes 

A'j   =   7.(n»    -   ^'0 (2). 

the  rate  of  oxidation  being  supposed  to  be  proportional  to  the  square 
root  of  the  pressure  of  olygen,  in  accordance  with  E>van'8  deduction. 
For  iTg,  the  equation 

^dpldi   =   K^p\ogPI{P-p') (3) 

was  used,  and  for  K^  the  equation 

-dpidt    =    K,p^\ogP/(P-p') (4). 

Equations  (3)  and  (4)  are  derived  from  equations  (1)  and  (2)  by  assum- 
ing that  the  rate  of  oxidation  is  also  proportional  to  the  rate  of 
evaporation.     The  integration  of  (3)  leads  to  the  result ; 

V  -  i'-^X'  -  *)■ 

Now  a  =  p\  and  p  is  very  small  compared  with  P,  hence  the  first  term 
(Pq  -  P)lp  becomes  so  great  compared  with  the  second  term 
^  \og(PQ  -  a)l{P  -  a)  that  this  can  be  neglected,  whereupon  the  equation 
becomes 

ir,'<  =  Po-J' (5), 

p  being  constant. 

The  integration  of  equation  (4)  gives  the  result 

K,t  =  ^[(^o-»/  -  (^-«)]  +  Q  -i)[(i'o-«)*  -  (/■-«)*] 

and  since  a  =-p  and  {P^\  -  P\)  is  small  compared  with  (P^.  -  7*5),  this 
becomes 

K\t  ^  P,\-P\ (6) 

By  differentiating  (5)  we  get 

dpjdt   =   K\ 
and  by  differentiating  (6)  we  get 

dpjdt   =   K"pi, 

or,  in  other  words,  the  assumption  that  the  velocity  of  reaction  is  pro- 
portional both  to  the  pressure  of  oxygen  and  to  the  rate  of  evaporation 
of  the  phosphorus  leads  to  the  same  result  as  the  assumption  that  the 
velocity  is  altogether  independent  of  the  pressure  of  oxygen  ;  whilst 
the  hypothesis  that  the  rate  of  oxidation  is  proportional  both  to  the 
square  root  of  the  partial  pressure  of  oxygen  and  to  the  rate  of 
evaporation  of  the  phosphorus  leads  to  the  same  result  as  the  assump- 
tion that  the  velocity  is  inversely  proportional  to  the  square  root  of 
the  partial  pressure  of  oxygen. 
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II  tbould  be  Doted  thnt  the  valuee  A\,  K^  Ac,  are  not  the  abeolaU 
^nee,  but  only  proportioDal  to  then.  To  obtain  absolute  valaet,  a 
knowledge  of  the  active  maM  of  the  photphomi  would  be  required,  a 
deAermi nation  which  would  be  difficult,  if  not  impoeaible,  to  carrj  out, 
Mid  whieh  eeemt  to  be  unneoeeiarj,  for  eo  long  aa  the  aorCaoe  it  enflU 
eiontlj  great  the  active  maM  can  be  aeeumed  to  be  oooetaot  in  anj 
given  iszperiment,  although  the  values  of  K^  kc,  obtained  in  different 
oannot  be  compared. 


£xpi,\,    <-18-6<>. 


Timt  in  hoan. 

PreMinof 
ezjgM  in  inin. 

^v 

AT,. 

AV 

i^4. 

0 

869  82 

075 

688  24 

279 

82-4 

421 

162 

800 

527  49 

846 

971 

474 

174 

360 

49709 

868 

102 

490 

178 

4-00 

468-20 

889 

106 

504 

180 

508 

895  12 

451 

118 

540 

187 

6^ 

295-85 

569 

139 

590 

196 

6-75 

286-05 

671 

156 

642 

208 

7-00 

200  42 

749 

167 

671 

207 

7-25 

163-14 

846 

181 

699 

210 

7-58 

106  87 

1058 

206 

747 

215 

8-08 

aU 

1068 

885 

866 

224 

(8«e  Curve  1,  p.  1270.) 


£Tpl.2.     <=13  8<». 


Time  in  hours. 

pTBMareof 
oxygen  in  mm. 

A',. 

AV 

^r 

K,. 

0 

842-54 

_^ 

800 

828-74 

816 

172 

92 

167 

4-75 

808  94 

944 

196 

103 

187 

5-75 

29818 

1047 

215 

118 

202 

6-75 

287  55 

1126 

280 

119 

212 

7-75 

277-85 

1183 

289 

126 

217 

8-00 

274  14 

1209 

244 

125 

SSO 

8*25 

272-01 

1214 

244 

125 

210 

18*5 

80*66 

8395 

515 

211 

801 

20 

nil 

* 

— 

925 

281 

822 

In  each  caee,  the  absorption  began  at  770  mm.  pressore,  boi  the 
earlier  readings  were  not  taken. 

Experiments  tried  at  a  higher  Umperature  (25"^)  failed  becaose  the 
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phosphorus    caught    fire  when    the    pressure    had    fallen    to   ahout 
500  mm. 

Experiments  were  next  made  in  which  calcium  chloride  replaced 
sulphuric  acid  as  the  drying  agent. 

Curve  1. 


100 


60   100 

160 

200 

250 

300 

350 

Expt.^.     <=:16-6^ 


Time  in  hours. 

Pressure  of 
oxygen  in  mm. 

K,. 

Kr 

Kr 

K^ 

0 

684*66 

_ 

_ 

__ 

__ 

1-00 

486  00 

414 

107 

486 

165 

200 

486-73 

489 

111 

489 

162 

8-50 

868 -87 

494 

119 

602 

156 

4-00 

882-62 

615 

122 

605 

157 

4-60 

808-80 

648 

126 

618 

157 

6-00 

272-82 

684 

182 

628 

157 

&-50 

288  69 

687 

139 

502 

157 

6-00 

198-69 

717 

160 

560 

159 

«*60 

149  08 

868 

168 

598 

168 

676 

119*98 

962 

180 

614 

164 

7-00 

84-86 

1142 

198 

642 

165 

716 

81-40 

8282 

245 

704 

170 

7-20 

nil 

10118 

821 

712 

172 
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Tin..  ;:. 

A-,. 

A'r 
422 

AV 

1 
440 

J^r 

277 

169 

276 

417 

416 

158 

1  60 

274 

411 

401 

152 

S^ 

> 

273 

406 

893 

148 

300 

270 

896 

875 

189 

4^ 

266 

884  i 

855 

129 

5*M 

44  '.•."» 

263 

.  873 

889 

121 

7  00 

437-10 

264 

866 

826 

115 

KOO 

1S4  •.>7 

417 

442 

882 

768 

1«75 

600 

484 

845 

97-8 

1700 

; 

ilT 

428* 

694* 

764  • 

17-08 

:«■>  :.\ 

473 

457 

719 

768 

17-18 

V)-79 

548 

502 

756 

780 

17-26 

.•U-7G 

667 

576 

816 

800 

17-83 

IS  53 

962 

706 

915 

826 

17-41 

nil 

2427 

1169 

1010 

800 

(Sm  Carre  2.  p.  1 

272.) 

*  Oxidation  being  now  very  rapid,  these  and  the   following  nambeia  indicate 
tbb  yittgrcM  of  the  reaction  after  16-75  honra. 


In  the  curves,  the  Talaes  of  dp/dl  have  been  plotted  as  ordinates,  and 
the  values  di  pna  abscisae.  dpjdl  evidently  increases  considerably  as  p 
diminishes.  With  the  wide  variations  in  the  valoes  obtained  for 
JTp  ITp  &c.,  it  is  clear  that  none  of  the  equations  hold,  therefore  we 
are  not  justiBed  in  sappoeiog  that  the  rate  of  oxidation  is  propor- 
tional either  to  the  square  root  of  the  partial  pressure  of  oxygen  or 
to  the  partial  pressure.  In  experiment  4,  readings  were  taken  at 
presBoree  higher  than  500  mm.,  and  it  will  be  noticed  that  dp/di 
diminishes  with  p  as  far  as  480  mm.,  after  which  it  increases.  And  a 
glance  at  the  figures  given  under  £^  show  that  this  fall  in  the 
velocity  is  directly  proportional  to  the  fall  in  pressors.  This  result 
suggests  that  the  reaction  between  phosphorus  and  oxygen  can  be 
divided  into  two  stages ;  in  the  first,  the  velocity  is  directlj  propor- 
tional to  the  pressure,  and  in  the  second  it  increases  as  the 
diminishes,  but  not  in  any  simple  ratio. 


Oxygen  under  High  Pruntn. 


In  this  series  of  experiments,  the  initial  pressure  of  the  oxygen  was 
between  two  and  three  atmosphsrss.  The  apparatus  was  somswhat 
inodified  by  bending  the  gaogo  upwards  to  a  height  of  three 


1272 


RUSSELL:   THE   REACTION   BETWEEN 


650 


600 


550 


500 


450 


400 


•^    350 


the  tube  leading  to  the  pump  was  sealed  off  as  soon  as  the  last  exhaustion 
was  finished,  but  the  oxygen  generator  had  to  be  left  on.  Water- 
jackets  were  arranged  round  all  parts  of  the  apparatus  out  of  the  bath. 
The  results  are  given  in  the  following  tables  (p.  1 273) ;  in  only  one 

case  was  the  reaction  continued 
Curve  2.  until   all  the   oxygen    was  ab- 

sorbed, in  the  others,  it  was 
interrupted  so  as  to  determine 
which  oxide  was  produced. 

Similar  results  were  obtained 
in  both  series  of  experiments 
when  the  oxygen  was  generated 
from  potassium  permanganate. 
Owing  to  the  disposition  of 
the  apparatus  it  was  not  pos- 
sible to  use  the  cathetometer, 
and  readings  had  to  be  taken 
on  a  scale  fixed  to  the  gauge ; 
the  readings  are  therefore  not 
so  accurate  as  those  of  the  first 
series.  The  results  lead  us  to 
two  remarkable  conclusions. 
In  the  first  place,  they  contra- 
dict the  usual  statement  that 
phosphorus  only  reacts  with 
oxygen  under  low  pressures; 
the  initial  pressure  of  oxygen 
in  experiment  2  was  2000  mm. 
In  the  second  place,  as  iTj, 
calculated  from  equation  (1), 
p.  1267,  is  now  constant,  it 
follows  that  the  velocity  of 
this  reaction  is  proportional  to 
the  pressure  of  oxygen,  and 
therefore  down  to  a  certain 
pressure  the  reaction  is  uni- 
molecular. 

During  this  first  stage,  there 
is  phosphorescence,  but  it  is  so 
feeble  that  it  is  only  seen  after 
the  eye  has  become  accustomed  to  darkness.  In  the  second  stage  (the 
more  rapid  period),  ordinary  phosphorescence  appears  and  there  is 
no  possibility  of  confusing  the  two  glows.  Doubtless  this  very  feeble 
glow  accounts  for  the  first  stage  having  been  previously  overlooked, 
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Kr)4   I.     /-li^l5-0». 


TiBMin 

Pmmirtof 

Time  In 

1   PrMMTvof 

iHmn. 

oayfBtt 
iomn. 

A*,. 

hourn, 
18 

i     oxygen 
in  mm. 

AV 

1 

0' 

18192 

128 

1 

12787 

:5« 

20 

730  0 

128 

S 

1231  •« 

14^ 

21 

708  4 

128 

e 

1103  0 

129 

22 

687-4 

129 

10 

976-8 

181 

24 

.       639-3 

131 

H 

874  5 

127 

26 

1        615-3 

133 

i&i7»<.  2.     <- 13-14°. 

T;liio  ill 

PreMure  of 

'     ... 

Time  in 

Pressare  of 

h..;:r^. 

oxygen 

hours. 

oxygen 

A',. 

in    mm. 

in  mm. 

0 

28-0 

15132 

?/yi 

4i» 

81-6 

1468-4 

3P'» 

9-00 

86  D 

14101 

390 

1410 

88^ 

1392  3 

:i'<5 

18-00 

400 

1868  6 

?,H\ 

JOIO        , 

162»  7 

O^'i 

42-0 

13460 

384 

ss^      ' 

1602  0 

;;s»^ 

44  0 

1324-7 

384 

24^        i 

1673-9 

;',87 

460 

1301-5 

382 

.20  00 

1644-8 

f 

3S^ 

1 

for  it  is  generally  assumed  that  oxidation  ceases  as  soon  as  the 
ordinary  and  relatively  bnght  glow  stops.  Moreover,  it  is  an  essential 
condition  to  success  that  the  surface  of  the  phosphorus  shall  be  quite 
clean,  and  one  can  only  rely  on  fulfilling  this  condition  by  redistilling 
the  phosphorus  in  vacuo,  as  was  done  in  these  experiments. 

Phosphorus  is  extraordinarily  sensitive  to  surface  contamination, 
which  either  greatly  retards  oxidation  or  altogether  stops  it*  On  one 
occasion,  the  distillation  had  not  gone  quite  smoothly  and  a  certain 
amount  of  the  liquid  portion  boiled  over  into  the  bulb.  When  oxygen 
was  let  in  under  1900  mm.  pressure,  there  was  a  slight  action  at 
first,  the  pressure  falling  about  60  mm.,  then  the  action  stopped 
altogether  and  did  not  start  again  even  when  the  temperature  was 

•  John  Dary  {SHiti.  Kew  Plmlo$,  Joum,,  1838, 15,  48)  foand  that  when  phoe* 
plionifl  was  kept  in  oxygen  nnder  the  atrooepheric  preainre  for  aeveral  honrr,  the 
volume  waa  not  maeh  diminished,  and  MuUer  {Brr.,  1870,  8,  84)  taaled  up  phot* 
phonu  with  oxygen  in  a  flaak,  left  it  for  2^  months,  and  thsa  opaosd  under  water 
and  found  no  change  in  volnme.  In  both  cases,  there  wa«  no  donbt  a  |irot«ctivs 
film  on  the  surface. 
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raised  to  26°.  The  apparatus  was  opened  for  a  moment  to  let  out  the 
excess  of  oxygen,  and  then  sealed  up  and  more  oxygen  generated  until 
the  pressure  was  restored  to  1900  mm.  ;  this  time  the  action  was 
normal.  Probably  the  sudden  release  of  the  pressure  altered  the 
surface  of  the  phosphorus  sufficiently  to  allow  the  oxidation  to 
proceed. 

Preliminary  Examination  of  the  Oxide  formed  during  the  First  Stage. 

This  oxide  is  perfectly  white,  there  being  no  buff-coloured  substance 
produced  here  as  in  the  next  stage.  When  heated  in  vacuOy  a  few 
white  crystals  sublime,  the  rest  of  the  substance  breaking  up  into  a 
white,  crystalline  sublimate,  less  volatile  than  the  first,  and  a  red 
residue.  Finally,  this  red  residue  largely  disappears,  being  apparently 
changed  to  ordinary  phosphorus  wlfBn  heated  for  a  longer  time.  The 
white,  crystalline  sublimate  seems  to  be  phosphorus  tetroxide,  and  the 
red  residue,  amorphous  phosphorus.  On  treating  with  water,  the  oxide 
only  slowly  dissolves;  the  solution  reduces  mercuric  chloride  and  silver 
nitrate  and  gives  a  white  precipitate  with  magnesia  mixture,  which, 
when  examined  under  the  microscope,  is  seen  to  differ  altogether  in 
crystalline  form  from  the  precipitate  obtained  with  either  of  the  three 
phosphoric  acids,  and  is  apparently  identical  with  that  obtained  from 
a  solution  of  phosphorous  oxide.  But  the  oxide  does  not  melt  on 
heating,  whereas  if  it  were  phosphorous  oxide,  as  the  above  reactions 
indicate,  it  should  melt  at  22*^.  I  hope  shortly  to  be  able  to  deter- 
mine the  precise  nature  of  the  substance. 

Discussion  of  the  Results.  First  Stage. — The  reaction  being  uni- 
molecular,  the  first  action  would  naturally  be  /'^  +  O^  = /'4O2,  and  no 
doubt  this  oxide  may  have  a  transient  existence.  A  little  reflection 
will  make  it  evident,  however,  that  the  reaction  will  still  appear  uni- 
molecular  if  the  Pfi^  is  oxidised  at  an  infinite  velocity  to  Pfi^;,  and 
this  also  at  an  infinite  velocity  to  a  higher  oxide.  If  one  of  the  twd 
latter  velocities  is  not  infinite,  but  only  somewhat  greater  than  the 
first  velocity,  it  ought  to  be  possible  to  isolate  the  intermediate  oxide, 
since  this  would  not  be  oxidised  quite  so  fast  as  it  was  produced,  bat 
only  some  short  time  afterwards. 

Walker  (Proc.  Roy.  Soc.  Edin.,  1898,  22,  22)  drawa  attention  to 
Haroourt  and  Esson's  investigation  of  two  unimolecular  reactions  pro- 
ceeding simultaneously.  A  substance  A  is  transformed  into  C  through 
an  intermediate  compound  R ;  if  at  a  time  <,  x  is  untransformed,  y 
is  in  the  intermediate  state,  and  z  in  the  final  state,  then  te  +  y  +  «  «  il. 
Suppose  the  velocity  constant  A  — >-  .0  be  m,  and  B  — ^  C  be  n,  then  at 
time  (  the  rate  of  diminution  of  a;  is  given  by  the  equation  -  dxjdi 
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■  Mae,  and  the  rata  of  increase  of  t  hj   d^jiU^ny:    it  can  iben  be 
■bown  tbal 

t-il{l  +  ~^^---  + -S-^-i-l  .     .     .    (7). 

In  the  ipeoial  oaee  wben  one  of  tbe  eoeffioiente,  n  for  example, 
beeomei  infioitely  great,  this  expression  reduces  tos<-  il(l  -  •"^^  tbe 
ordinary  equation  for  a  unimolecular  reaction.  Walker  calculatee 
▼aloes  for  a  in  bis  hypothetical  reaction,  assigniog  diflFereot  values 
to  m  and  »,  and  shows  that  the  **  constant "  if,  as  calculated  on  the 
assumption  that  tbe  reaction  is  single  and  unimolecular,  would 
inereaae  in  valoe,  rather  rapidly  at  first,  more  slowly  afterwards. 
Now  the  approximately  constant  values  obtained  for  AT  seem  to  indicate 
that  all  the  reactions  but  one  proceed  at  so  great  a  velocity  that 
there  is  no  prospect  of  isolating  the  other  intermediate  oxides  which 
may  be  supposed  to  be  formed. 

It  is,  of  course,  quite  possible  that  the  constancy  of  JT  is  only 
accidental,  as  is  the  case  with  an  apparent  constant  discussed  in  the 
sequel  (p.  1282). 

Stoond  Stage, — The  intermediate  oxide,  whatever  it  is,  obtained 
during  the  first  stage  evidently  oxidises  during  the  second  stage,  since 
the  final  product  is  phosphoric  oxide.  With  this  change  proceeding  at 
a  finite  velocity,  the  total  action  will  be  expressed  by  an  equation 
which,  at  its  simplest,  will  be  of  the  form  of  equation  7,  but 
probably  will  be  more  complex.  It  is  not  surpriiiing,  then,  that  no 
simple  law  could  be  discovered  underlying  the  results  at  low  pree- 
sores.  Moreover,  since  the  velocity  tends  to  increase  as  the  pressure 
diminiabee  with  the  progress  of  the  reaction,  it  is  hardly  possible  to 
aaanme  that  the  system  remains  strictly  isothermal,  and  no  doubt  the 
very  rapid  final  rates  in  experiments  1  to  4  (pp.  1269,  1270,  1271)  are 
due  to  a  rise  in  temperature.  This  would  also  explain  the  presence,  in 
the  oxide  obtained,  of  a  small  quantity  of  a  buff-coloured  subetanee^ 
apparently  amorphous  phosphorus. 

InflueivM  of  an  Inert  Diluting  Gat, 

As  it  was  necessary  to  ascertain  how  the  velocity  of  oxidation 
would  be  affected  by  the  presence  of  an  inert  gas,  nitrogen  was 
introdueed  as  a  diluent  in  the  following  experimenta  ; 
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Expt.  1. 

Expt,  2. 

Pressure  of  nitrogen  =165*2  mm. 

Pressure  of  nitrogen  =  240  mm. 

<=19-2°. 

<  =  13-6° 

Time  in  minutes. 

Pressure  of  oxygen 

Time  in  minutes. 

Pressure  of  oxygen 

in  mm. 

in  mm. 

0 

800-98 

0 

393-42 

295 

194-99 

45 

327-14 

365 

165-61 

90 

247-54 

440 

182-93 

135 

160  05 

515 

99-48 

180 

91-93 

690 

6879 

225 

46-93 

685 

56-31 

270 

19-88 

695 

44-27 

315 

6  80 

725 

39-66 

(See  Carve  3). 

Sulphuric  acid  was  used  as  drying  agent. 

The  curve  given  is  that  for  experiment  2  ;  the  other  is  precisely 


Curve  3. 
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similar  in  form,  but  the  turning  point  is  at  an  oxygen  pressure  of 
about  120  mm.     In  experiment  2,  the  curve  turns  at  216  mm. ;  in  a 
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third  eiptriaMBtylhe  prtature  of  the  nitrogmi  wmt  66  mm.  aod  tb«  earv« 
began  to  turn  wh«n  the  oxjgmi  prtetnre  had  fallen  to  aboyt  SO  mm. ; 
the  return  always  tetma  to  begin  when  the  oxjgen  prearare  hat  fallen 
aoaewhat  below  the  nitrogen  prtitare.  Inatead  of  inoreadng  oon- 
iiniioaily  to  the  end,  the  Telocity  reaehee  a  maximum  and  then 
diminiahee  fairly  rapidly. 

This  .resalt  is  not  difficult  to  understand.  If  a  tabe  filled  with  air 
oonlnina  aome  phosphorus  at  the  bottom,  the  oxygen  in  the  lower 
layers  of  the  air  will  be  abeorbed  and  there  will  be  a  steady  drift  of 
oxygen  down  the  tube.  This  drift  is,  however,  retarded  by  the 
nitrogen,  and  the  retarding  effect  becomes  greater  as  the  pressure  of 
the  oxygen  beoomea  less :  in  other  words,  the  rate  of  oxidation 
diminishes  as  the  partial  pressure  diminishes,  because  the  oxygen  has 
a  greater  difficulty  in  reaching  the  phosphorus.  At  a  certain  point, 
the  retarding  effect  of  the  nitrogen  more  than  counterbalanoea  the 
acceleration  connected  with  a  fall  in  the  partial  pressure  of  oxygen, 
and  from  this  point  onwards  the  whole  velocity  diminishes. 

The  oxide  formed  is  white,  and  the  absence  of  any  buff-coloured 
sobetanoe  is  no  doubt  connected  with-  the  fact  that  the  action  never 
proeeeds  very  rapidly. 

Thb  Oxidation  or  Mom  Phosphorus. 

This  is  the  moet  commonly  occurring  case  of  the  oxidation  of 
phosphorus,  and  .the  more  striking  facts  in  connection  with  it  have 
been  known  for  a  long  time.  There  are  some  notable  differencea 
between  this  and  the  preceding  case.  Action  only  begins  when  tha 
piewme  is  reduced  below  a  certain  amount,  and  osone  and  hydrogMi 
peroxide  are  invariably  produced  ;  if  nitrogen  is  present,  ammonium 
nitrate  and  nitrite  are  formed  as  well.  Recently,  certain 
from  moist  oxidising  phosphoms  have  been  discovered ;  whether 
are  due  to  the  special  physical  properties  of  the  cloud  formed  by  the 
oxidation  products  or  whether  they  are  definite  rays  coming  from  the 
phosphorus  itself  is  not  settled.  Harm  and  also  Sister  and  Qeitel 
(Fkt/8,  £eU,,  1903,  16,  457)  incline  to  the  Utter  opinion,  Schmidt 
(Ann.  Phy$.,  1902,  10,  704)  to  the  former.  Phoaphoma,  aa  dried  in 
the  foregoing  experiments,  does  not  seem  to  have  been  the  subject  of 
any  investigations  of  this  kind. 

S\d4  Reaetiom. 

OMome  and  Hydrogen  /'«r(xct(2«.— Schbnbein  and  Schmidt  (loc.  eU.) 
proved  the  presence  of  these  sobetanoea  among  the  oxidation  prodoets^ 
and  this  has  been  confirmed  by  later  workers  (Leeds,  Ch$m.  iTsios,  1879| 
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40,  70;  and  Wenzell,  Pharm,  J.,  1883,  [iii],  U,  24).  Kingzett, 
indeed  (Trans.,  1880,  37,  792),  claimed  to  have  found  a  regular  con- 
nection between  the  amounts  of  hydrogen  peroxide  and  ozone,  but  the 
difficulty  of  analysing  the  mixture  must  have  been  considerable. 
McLeod  could  not  obtain  any  regular  results  (Trans.,  1880,  37,  118). 
The  substances  are  usually  accounted  for  by  supposing  that  during 
oxidation  some  oxygen  molecules  are  dissociated  and  the  oxygen  atoms 
form  ozone  and  hydrogen  peroxide.  Ostwald  (Zeit.  Fhya.  Cheni.f  1900, 
34,  248)  gives  some  theoretical  objections  to  this  view,  the  general 
nature  of  which  is  that  ozone,  having  a  higher  oxidation  potential 
than  the  oxygen  from  which  it  was  formed,  can  only  be  produced  by 
the  addition  of  energy.  But  the  chemical  energy  of  one  reaction  is 
not  available  for  another  and  totally  different  reaction,  and  so  the 
energy  degraded  during  the  oxidation  of  phosphorus  cannot  be  utilised 
for  producing  ozone.  He  assumes  that  a  higher  peroxide  must  first 
be  formed,  subsequently  breaking  up  into  ozone  and  the  stable 
oxide  actually  produced,  and  represents  the  reaction  : 

wP  +  mO^  «  PnOam  =  PnO(2m-8r)  +  rOj, 

thus  bringing  the  action  into  line  with  the  work  done  by  Bach, 
Engler,  and  Wild  on  autoxidation.  Now  Boche  {Ber.f  1873,  6,  439) 
states  that  the  oxidation  of  phosphorus  gives  rise  to  an  oxide  which 
generates  hydrogen  peroxide  in  contact  with  water.  If  this  were  so, 
it  would  be  strong  evidence  in  favour  of  Ostwald's  theory  and  would 
account  for  all  my  observations,  but  I  cannot  find  any  evidence  of 
such  a  substance. 

Doubts  have  sometimes  been  raised  as  to  whether  the  so-called 
ozone  is  really  ozone  or  not.  I  find  it  possesses  the  following  pro- 
perties :  (1)  it  passes,  without  condensation,  through  a  tube  18 
inches  long  cooled  with  solid  carbon  dioxide,  (2)  it  rapidly  destroys 
india-rubber,  (3)  it  acts  on  mercury  precisely  as  ozone  does. 

There  seems  to  be  little  doubt  that  it  is  actually  ozone. 

Ammonium  Nitrite  and  Nitrate. — I  find  that  both  of  these  are 
present,  although  only  in  small  amount.*  The  greatest  care  was 
taken  to  exclude  ammonia,  and  it  is  difficult  to  account  for  their 
formation;  the  case  does  not  stand  quite  by  itself,  however,  for 
Norman  Smith  and  I  have  found  them  in  the  products  of  oxidation  of 
zinc  and  iron  in  moist  air.  Hydrogen  peroxide  is  also  formed,  and 
the  only  differences  between  the  oxidation  of  the  metals  and  that 
of  phosphorus  are  the  production  of  ozone  and  the  velocity  of 
reaction. 

*  So  small  M  not  to  vitiato  Lindemanii's  method  of  analysing  air  by  means  of 
phoaithorus  {ZtiL  AnaU  CKeuu,  1879|  18|  168). 
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Vtiocity  oj  OxuiiUion. 

•xpwimeDU  were  carried  out  in  the  same  wa/  af  Um  0orr»- 
>«poDding  experiments  with  drj  oxygen,  the  only  differtooa  biiiif  thai 
wat4>r  wM  mibetituted  for  sulpharie  add  in  the  tube  0, 

£rj>erimtmU  MntUr  High  iViMttrM.— At  a  rule,  no  reaetioii  took 
pbee  •fmk  after  six  months.  In  a  few  caseR,  reaction  began  bat 
•lopped,  and  the  phoephorus  became  coated  with  a  white  sab- 
whieh  neither  deliqaeeced  nor  showed  any  »ign  of  change 
even  after  prolonged  contact  with  the  moiat  oxygen.  But  when 
the  temperature  was  raised,  ignition  took  place.  This  oxide  is  being 
inTestigated. 

The  cessation  of  action  between  phosphorus  and  moist  oxygen  whMi 
the  prsMiire  exceeds  a  certain  amount  is  often  quoted  as  an  instance 
of  false  equilibrium.  It  was  noticed  in  the  experiments  on  dry 
phcephonis  that  reaction  does  not  cease  if  the  system  is  fairly  dry  ; 
all  the  phenomena  are,  howcTer,  consistent  with  the  idea  of  false 
equilibrium.  Duhera  supposes  that  there  is  a  resistance  to  the 
reaction,  and  likens  the  system  to  a  rough  inclined  plane  bearing  a 
weight  at  the  end  which  is  gradually  beiog  raised.  If  there  were  no 
friction,  the  weight  should  begin  to  move  directly  the  end  is  lifted, 
but,  as  a  matter  of  fact,  the  plane  has  to  be  inclined  at  a  certain  angle 
before  any  motion  begins.  He  considers  that  this  unexpected  equili* 
brinm  is  analogous  to  false  equilibrium  in  chemical  reactions.  In  the 
present  instance,  water  vapour  is  the  retarding  agent.  It  is  un- 
fortunate that  the  velocity  of  oxidation  of  dried  phoephorOs  cannot  be 
represented  by  any  simple  expression,  for  it  would  not  be  difficult  to 
put  in  a  factor  to  stand  for  the  friction  effect.  Some  connection 
might  then  be  traced  between  the  amount  of  water  vapour  prescol 
and  the  pressure  at  which  the  reaction  begins. 

The  curve  (p.  1280)  shows  a  retarding  effect  at  work  in  the  early  part 
of  the  oxidation,  followed  by  the  rapid  increase  in  velocity  noted  in  ihm 
experiments  with  dry  oxygen.  When  oxidation  first  begins,  the 
lominoeity  is  seen  in  only  one  or  two  places  on  the  phoephoros,  and 
not  until  nearly  the  end  does  the  whole  mass  glow. 

In  trying  to  interpret  these  observations,  the  following  poesibilities 
have  been  considered  :  (a)  a  poesible  chemical  action  of  water  vapour 
on  phoephoros.  (6)  A  possible  physteal  action  of  water  vapour  in 
modifying  or  protecting  the  sarface  of  phoapborusi  (c)  The  dynamical 
effect  of  an  inert  diluting»gap» 

(a)  A  PotfihU  CkemiooU  /feoclibfi.— Some  phosphorus  was  distilled  into 
an  exhausted  apparatus  containing  water  as  in  the  previous  experiments, 
the  apparatus  sealed  off  and  left  in  a  warm  place  (18^  in  the  dark  for 
two  months,  the  gaoge  being  read  daily.    There  was  no  increase  of 

4  B 
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Experiments  under  Low  Pressures. 


Expt,  1. 

Expt.  2. 

<-19— 191°    Pressure  of  aqueous 

^  =  23°.     Pressure  of  aqueous 

vapour,  16*35  mm. 

vapour,  20-9  mm. 

Time  in  minutes. 

Pressure  of  oxygen. 
385-62 

Time  in  minutes. 

Pressure  of  oxygen. 

0 

0 

327  14 

80 

281-51 

10 

294-40 

60 

26007 

20 

268-74 

90 

225-28 

30 

246-62 

120 

203-77 

40 

227  00 

150 

184-72 

60 

209-64 

275 

109-16 

60 

193-40 

305 

92-25 

70 

178  07 

365 

53-93 

80 

163-18 

396 

82-57 

90 

149-38 

425 

8-85 

100 

136-39 

440 

nil 

110 

121-15 

120 

94-29 

130 

50-35 

(See  Curve  4.) 

140 

nil 

Curve  4. 


pressure  and  therefore  no  gas  was  formed.  At  the  end  of  the  time,  the 
surface  of  the  phosphorus  was  carefully  examined,  but  no  change  in 
appearance  could  be  detected 

Without  further  evidence,  we  do  not  seem  justiBed  in  assuming  that 
any  chemical  action  takes  place. 

(6)  A  Po99ibl9  Fhyical  Action, — The  part  of  the  apparatus  containing 


PHOSPHORUS  AND  OXTOKN.      PAi 


ItSl 


WM  th«o  lurroanded  by  a  fretdng  mlziur*,  lUr  wm 
admitUd,  the  water  tabe  oat  off,  and  a  otlcium  cblorid*  tube  put  ioio 
ita  plaoa.  Tb«  air  was  axbauated  and  ojcjfan  paMtd  in  until  iha 
af^aphwic  pressure  wat  atUined.  Inaamoeh  aa  iba  water  waa  now 
removed  and  dry  oxygen  wat  present,  oxidation  ebould  bare  gooo  on 
jual  aa  in  ibe  earlier  experimenta  if  the  photpborua  bad  been  un- 
altered by  eontact  witb  tbe  water  vapour,  but  aa  a  matter  of  fact  no 
ojndation  took  place  under  ibis  pressure  until  some  months  bad  elapeed. 
Water  vapour  doee,  therefore,  in  gome  way  form  a  protecting  film 
mk  ibe  pbospborua  surface. 

(0)  Tk§  JfjfBCl  of  an  Inerl  Gas, — Thin  (ioes  not  seem  to  be  great  until 
almoei  tbe  end  of  the  reaction,  and  if  56  mm.  of  nitrogen  only  altered 
tbe  curve  near  its  end-point,  it  is  doubtful  whether  20  mm.  of 
water  would  do  more. 

There  is,  of  course,  always  the  possibility  that  in  presence  of  water 
vapour  there  may  be  a  complete  change  in  the  mode  of  oxidation  and 
that  tbeee  results  cannot  be  correlated  with  tho^e  on  p.  1269.  My 
experiments,  however,  do  not  favour  thi<t  idea.  If  instead  of  20  mm. 
pressure  of  water  vapour  only  4  mm.  are  employed,  the  velocity  curvo 
does  not  differ  sensibly  from  those  obtained  for  dry  oxidations. 

Two  experiments  are  given,  in  which  dilute  sulphuric  acid  (44  per 
cent.)  replaced  the  water  in  the  apparatus. 


J-JxjA.  1. 

Erpl.2. 

1 »  9®.  Tension  of  aqueous  vapour, 

<-ll°. 

Tension  of  aqueow 

4-2  mm.» 

VI 

ipour, 

4*6  mm. 

That  in  minnteft. 

PrMAure  of  oxygen. 
467 -i? 

Time  in  minetea 

Pisssars  of  exygMi* 

0 

0 

4«4*6t 

15 

424^7 

80 

429^ 

30 

tS\'68 

60 

889-58 

45 

S82«4 

90 

848-44 

6) 

27««5 

120 

8ooa 

75 

209-67 

ISO 

248-82 

90 

112-83 

180 

185-47 

97 

.nil 

210 

97-60 

SiS 

aa 

(S«e  Conre  6,  p.  128«.) 

Sorel.  J.  Hoe.  CWai.  Ind.,  1690.  9.  175. 


In  experiment  2,  the  apparatus  was  filled  to  a  preesore  of  760 
in  experiment  1  to  520  mm.  only. 
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Moreover,  if  oxygen  fully  saturated  with  water  vapour  is  used,  but 
the  experiment  conducted  in  such  a  way  that  water  vapour  has  not 
had  access  to  the  phosphorus  for  any  great  length  of  time  before 
oxidation  begins,  the  curve  again  resembles  those  obtained  with  dried 


The  modifying  effect  of  water  vapour  can,  I  think,  be  explained 
entirely  by  the  surface  protection  noted  under  (6).  This  would,  in 
the  first  instance,  tend  to  prevent  oxidation  ;  when  it  does  start,  it  is 
at  some  point  where  the  protection  is  weak,  consequently  oxidation  is 
at    first    purely    local.     As    the    pressure    diminishes,   the    velocity 


Curve  6. 


450 
400 
350 


I    300 


200 


150 


100 


\ 

y 

\ 

\ 

\ 

\ 

"^^ 

N< 

^ 

^-^ 

10 


20 


25 


30 
At 


35 


40 


46 


50 


increases,  and  the  heat  developed  causes  the  reaction  to  spread  until 
finally  the  whole  mass  of  phosphorus  is  being  acted  on. 

The  appearance  of  the  glow  supports  this  view,  which  is  also  in 
accordance  with  the  fact  that  the  retarding  effect  is  greatest  dariDg 
the  earlier  part  of  the  oxidation. 

Ewan  and  Ikeda  both  state  that  when  moisture  is  present  the 
velocity  of  oxidation  in  mixtures  containing  nitrogen  is  proporiional 
to  the  partial  pressure  of  oxygen,  which,  according  to  Ewan,  is  not  the 
case  when  moisture  is  absent.  This  would  suggest  that  the  process  of 
oxidation  is  different  in  the  two  cases  of  presence  and  absence  of 
moisture.  However,  water  vapour  retards  oxidation  at  the  beginning, 
Mid  nitrogen  restrains  it  at  the  end  of  the  reaction^  so  that  if  both 
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rtUrdatiopi  Uk«  plaoe  id  a  given  oxi<Uiioo,  Um  etinr«  Mprtttiof  tb« 
rMtiltAni  ▼•loot t J  might  aMilj  reduce  (o  a  ttnught  Uoe  pMiinf 
through  the  origin. 

CcnelutionM, 

(I)  A  mdaII  quantity  of  water  it  neoeeaarj  for  the  oxidation  of 

pboephorui,    and    the    reaction    proceeds   most    rapidly    when    that 

quantity  is  present  which  is  left  after  drying  with  sulphuric  add. 

When    much   water  vapour  is  present,  the  action   is  oonsiderahly 

retarded. 
(S)  The  formation  of  ozone  and  hydrogen  peroxide  requires  the 

presence  of  excess  of  water ;  these  substances  are  not  direct  products  of 

the  reaetion  between  phosphorus  and  oxygen. 
(3)  Moderately  dried  phosphorus  and  oxygen  react  under  all  the 

pressures  tried,  and  the  phenomena  of  "  false  equilibrium  "  are  not 
seen.  The  reaction  may  be  divided  into  two  stages  :  in  the  first,  oxida- 
tion is  slow  and  accompanied  by  a  very  feeble  glow,  the  action  being 
apparently  unimolecular.  The  oxide  formed  is  now  under  investigation. 
The  second  stage  begins  when  the  pressure  falls  below  about 
500  mm. :  oxidation  is  continually  accelerated  until  all  the  oxygen  is 
absorbed,  but  no  simple  expression  could  be  found  connecting  the 
velocity  of  the  reaction  with  the  pressure  of  oxygen.  The  glow  is 
very  bright  and  phosphorus  pentoxide  is  formed.  No  satisfactory 
explanation  of  the  phenomena  of  the  second  stage  can  yet  be  offered. 

•  (4)  When  an  inert  gas,  such  as  nitrogen,  is  present,  the  phenomena 
are  substantially  the  same,  but  the  acceleration  of  the  second  period 
ceases  after  a  time  and  a  retardation  sets  in.  This  is  expUined  on  a 
purely  mechanical  hypothesis. 

•  (5)  When  phosphorus  oxidises  in  moist  oxygen,  the  reaction 
differs  from  that  taking  place  in  dry  oxygen  in  the  following 
nspects: 

(a)  The  oxidation  does  not  begin  until  the  oxygen  pressure  is 
leas  than  about  500  mm. ;  when  it  does  take  pUce,  it  is  slower, 
and  iM  much  retarded  during  the  earlier  part  of  the  reaction. 
The  retardation  is  explained  as  being  due  to  a  protective  film 
formed  in  some,  probably  physical,  manner  by  the  water  on  the 
pbospbonw. 

(b)  Oione  and  hydrogen  peroxide  are  prodoeed,  and  aaoKmiam 
nitrite  and  nitrate  also,  in  the  presence  of  nitrogen.  None  of  the 
theories  at  preeent  held  copipletely  accounts  for  these  observations. 

If  the  vapour  pressure  of  water  Ib  4 — 5  instead  of  16 — 20  mm., 
the  velocity  curve  does  not  greatly  differ  from  that  obtained  in 
absence  of  water.  And  the  difference  observed  in  presence  of  the  larger 
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quantity  of  water  can  readily  be  explained  by  assuming  the  formation 
of  the  protective  film.  There  is  no  necessity  to  suppose  that  the 
primary  reaction  between  the  phosphorus  and  oxygen  differs  in  the 
two  cases. 

The  cost  of  some  of  the  apparatus  used  in  this  investigation  was 
defrayed  by  a  grant  from  the  Research  Fund  of  the  Society. 

South  Eastern  Aoricultueal  CotLEGE, 
Wye. 


CXXI. — Action    of    Hydrogen     Peroxide     on     Carbo- 
hydrates  in  the  presence  of  Ferrous  Sulphate.     IV. 

By  Robert  Selby  Morrell  and  James  Murray  Crofts. 

In  former  communications  (Trans.,  1899,  76,  786;  1900,77,  1220; 
1902,  81,  666),  it  has  been  shown  that  the  action  of  hydrogen  per- 
oxide,  in  the    presence   of  ferrous  sulphate,    on   glucose,   d-fructose, 
mannose,  arabinose,  rhamnose,  and  several  other  sugars  results  in  the 
formation   of    osones,    which   were    identified   by   the    formation    of 
osazones    by   the  action   of    phenylhydrazine   at   the   ordinary  tem- 
perature ;  in  the  case  of  arabinose,  the  osone  can  be  detected  by  the 
formation    of    phenylmethylarabinosazone    with     phenylmethylhydr- 
azine.  We  have  investigated  the  action  of  p-bromophenylhydrazine  on 
aqueous  solutions  of  arabinosone  and  rhamnosone,  at  the  ordinary  tem- 
perature, and  fiud  that  the  corresponding  osazones  are  formed,  whilst 
arabinose  and  rhamnose  react  with  the  same  base  under  similar  condi- 
tions to  give  hydrazones.     Phenyl benzylhydrazine  has  not  yielded  an 
osazone  or  a  hydrazone  with  rhamnosone,  but  probably  gives  rise  to  a 
ketohydrazide.  The  explanation  of  this  reaction  must  be  that  on  concen- 
trating an  aqueous  solution  of  an  osone  in  the  presence  of  traces  of  iron, 
oxidation  of  the  osone  to  a  keto-acid  takes  place.     Besides  the  osones, 
various  acids  were  formed  in  the  oxidation  of  carbohydrates  by  hydro- 
gen  peroxide   in  the  presence  of  ferrous   sulphate,  and   these   were 
removed  by  means  of  normal  and  basic  lead  acetates ;  the  nature  of 
these  acids  has  now  been  investigated.     In  treating  a  sugar  solution 
in  order  to  obtain  the   osone,   the  quantity   of  hydrogen   peroxide 
usually  added  corre8iM>nded  with  one  gram-atom  of  available  oxygen 
per  gram-molecule  of  sugar  ;  this  was  added  in  l/lOths,  and  the  tem- 
perature   was    kept    as    low    as  possible.       If,     however,    more 
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pMiMddtt  (S  or  A  gn^-moU.)  it  added  and  do  prtoauUoiis  Ulwo  to 
oQtar«  A  ftlow  AoUoD,  the  Amount  of  edJ  produott  it  iooroMed. 

So  far  ae  the  action  has  been  studied,  the  aoide  obtained  from 
glueoee  and  fmoioee  are  identical ;  thin,  on  the  whole,  is  to  be 
iipaetad,  ainoe  eaoh  gives  rise  to  gluoosone.  The  acidic  producte 
id«itaUd  are  gljoolUe,  gljoxylic,  oxalic,  and  tt ihydroiybutyric  acids  ; 
the  occurrenoe  of  the  first  named,  as  a  product  from  glucose,  ia 
peonliar  and  not  readily  explicable  on  the  assumption  that  the  sugar 
moleeole  is  transformed  into  an  osone  before  the  carbon  chain  it 
broken.  We  intend  to  deal  with  this  and  other  pointt  of  theoretieal 
intaratt  in  a  future  oommunicatioa. 


BXPBBIMBNTAL. 

Aeiion  of  ffydrogm   Peroxide  on   ArMtum  and  Rhamnoee  in    the 
pretence  of  Ferro%u  Sulphate. 

In  a  former  paper,  it  was  also  shown  that  arabinosene  reacted  with 
phenylmethylhydrazine  to  give  the  corresponding  osasone  (Trans., 
1899,  76,  790).  In  a  paper  by  Neuberg  (ZeU.  Ver.  R^Unmdoer.  Ind., 
1903,  237),  phenyl methylarabinosazone  is  described  as  having  been 
obtained  by  the  action  of  hydrogen  peroxide  on  cZ-arabitol  in  the 
pretence  of  ferrous  sulphate  and  subsequent  treatment  with  phenyl- 
methylhydrazine. Neuberg  states  that  it  cannot  be  obtained  from 
ifHurabtnoee.  The  melting  point  given  by  us  is  168 — 170^  which 
•greet  with  hia  numbers,  169 — 173^,  and  the  analyses  are  quite  satis- 
factory. Probably,  Neuberg  bad  an  osone  present,  which  then 
reacted   readily  with  phenylmethylhydrazine  to  give   phenylmethyl- 


It  teemed  to  at  advitable  to  try  the  action  of  other  substituted 
hydrazines  on  the  otonet  derived  from  arabioose  and  rhamnoee^  and 
we  selected  p-bromopbenylhydrazine  and  phenylbenzylhydi 


l^Bromophenylari 

An  aqneoos  solution  of  arabioose  containing  10  per  cent,  of  the 
sogar,  to  which  had  been  added  0*04  per  cent,  by  weight  of  crystallised 
ferrous  sulphate,  was  oxidised  by  hydrogen  peroxide.  The  quantity 
of  the  peroxide  used  corresponded  with  4  gram-atoms  of  oxygen  for 
each  gram-molecole  of  the  sugar.  The  oxidising  agent  was  introduced 
slowly  and  in  small  quantities  at  the  ordinary  temperatore,  care  being 
taken  that  the  ferric  iron  had  passed  back  again  to  the  ferrous  state 
before  more  of  the  peroxide  was  added. 

At   the  ^d  of  the  oxidation,  the  nearly  colourless  solution   was 
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treated  with  normal  lead  acetate,  filtered  from  a  small  precipitate,  and 
a  saturated  solution  of  tri basic  lead  acetate  added  in  excess  ;  a  fairly 
large  yellowish-white  precipitate  separated,  which  was  collected.'  The 
precipitated  lead  salt  furnished  a  calcium  salt,  which  showed  the 
following  reactions  of  glyoxylic  acid  :  a  white  precipitate  with  normal 
lead  acetate  or  lime  water,  a  red  precipitate  with  phenylhydrazine 
acetate,  and  a  yellowish-brown  precipitate  with  a  solution  of  aniline 
oxalate,  after  filtering  from  calcium  oxalate.  The  calcium  salt 
reduced  Fehling's  solution  strongly  at  the  ordinary  temperature. 

The  filtrate  from  the  lead  salt  was  treated  with  more  basic  lead 
acetate  and  a  sufficient  quantity  of  baryta  solution  to  precipitate  the 
osone,  together  with  any  unattacked  arabinose,  in  the  form  of  the  lead 
hydroxide  compound. 

The  washed  lead  hydroxide  compound  was  decomposed  exactly  by 
50  per  cent,  sulphuric  acid,  and  the  filtrate  gave  no  precipitate  with 
either  normal  or  basic  lead  acetate. 

In  order  to  prepare  from  the  solution  of  the  osone  the  phenylosazone 
(or  />bromophenylosazone),  an  acetic  acid  solution  of  the  corresponding 
hydrazine  was  added  either  to  the  cold  or  to  the  slightly  warmed 
solution.  The  osazone  separated  out  immediately  without  further 
heating,  the  total  yield  of  the  phenylosazone  being  30  per  cent,  of  the 
weight  of  the  arabinose  taken.  The  arabinosazone,  formed  by  the 
action  of  the  phenylhydrazine,  was  entirely  due  to  the  presence  of 
osone,  because  no  free  arabinose  could  be  detected  by  p-bromophenyl- 
hydrazine  or  phenylmethylhydrazine,  either  of  which  would  give  a 
hydrazone. 

The  ;)-bromophenylosazone  was  prepared  by  adding  a  filtered  acetic 
acid  solution  of  p-bromophenylhydrazine  to  the  aqueous  solution  of 
the  osone,  the  base  being  kept  in  solution  as  much  as  possible  by  an 
excess  of  the  acid.  A  red  oil  separated  out  immediately,  which  soon 
became  solid  and  granular,  the  weight  of  the  dark  red  precipitate 
amounting  to  15  per  cent,  of  the  weight  of  the  arabinose  taken;  the 
filtrate,  when  warmed  on  the  water-bath  for  half  an  hour,  gave  a  further 
amount  of  the  osazone,  the  yield  being  32  per  cent.  The  osazone  was 
very  soluble  in  alcohol,  ether,  acetone,  and  ethyl  acetate,  but  was 
sparingly  soluble  in  chloroform  and  dissolved  very  slightly  in  hot 
benzene.  After  repeated  crystallisation  from  benzene,  it  separated  in 
spherular  aggregates  and  melted  at  171°  with  decomposition. 

01447  gave  01119  AgBr.     Br  =  32-9. 

0*1190     „     11*5  c.c.  moist  nitrogen  at  21°  and  763  mm.     N-111. 
01952    „    0-8035  CO,  and  00642  H,0.     C  -  424  ;  H  -  365. 
CiTH„0,N^Br,    requires    C«41-97;    H-3-7;N-U'5;    Br-S^e 
per  cent. 
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Thtro  MaiiMd  to  b«  anothtr  tabiUiiet  prMtiit  In  Um 
•olution  which  was  more  soluble  in  that  lolTent,  and  ■•paratMl  ou| 
from  Uie  mother  liquort  at  a  TtUowish-btown,  granular  rabntanen ;  il 
Maltad  at  ll!r  with  dacompodticm  and  oootainad  laia  nitroftn  tbaa 
UMoeaiooe. 

01845  gave  17  co.  moiAt  nitrogen  at  20°  and  757  mm.     N  - 10^. 
CjjH^OjN^Br,  requires  10*7  per  oent 

Thi»  snbatanoe  is  perhaps  the  hydraside  of  the  hjdrasoHusid  derived 
from  arabinoee, 

CH^OH)[CH-OH],C(N-NH-C,H,Br)-CO-NH-NH-0,H,Br. 

.  The  Oiaione  did  not  possess  the  melting  point  and  properties  ascribed 
to^Hbromophenjl-l-arabinosasone  bj  Neuberg(i^.,  1899,  82,  Sd87). 

In  order  to  establish  the  identity  of  the  foregoing  osazone  with  that 
obtained  from  arabinose,  it  was  prepared  in  the  usual  waj,  but,  instead 
of  reerystallising  it  from  dilute  alcohol,  chloroform  and  bensene  were 
need  as  solvents.  The  osasone  separated  from  the  benzene  solution 
in  a  gelatinous  form.  After  being  dried  in  a  yscuum,  it 
was  found  to  consist  of  sphenilar  aggregates,  which  melted  with  de* 
oompoeition  at  175°,  a  considerably  lower  melting  point  than  that 
giveo  by  Neuberg.  There  could  be  no  doubt  as  to  its  purity,  sinoe 
0*75  gram  of  the  osasone  required  200  c.c.  of  hot  benzene  for  solution, 
and  on  cooling  the  oeasone  separated  out  almost  immediately.  Neuberg, 
who  crystallised  his  osasone  from  alcohol,  pointed  out  that,  under 
different  conditions,  it  existed  in  two  forms. 

In  oxidising  a  sugar,  it  has  been  found  that  if  the  amount  of 
hydrogen  peroxide  is  increased,  the  melting  point  and  peroentage  of 
■itiugm  of  the  reaction  product  with  hydrazines  are  diminished.  This 
is  most  probably  due  either  to  the  formation  of  a  hydraside  or  a 
hydiaxo-acid,  since  the  next  oxidation  product  of  an  osone  would  be 
a  keto^und,  CO,H-00[CH-OH]^H,-OH. 

P'BromopkgntflrKam  no§axot%$. 

A  10  per  cent,  aqueous  solution  of  rhamnoee  was  oxidised  by  hydro* 
gexk  peroxide  in  the  presence  of  0*04  per  oeot.  of  ferrous  sulphate.  The 
amount  of  hydrc^gen  peroxide  used  was  4  gram-noleenlee  for  1  gima- 
molecule  of  rhamnoee.  As  in  the  case  of  the  oxidation  of  arabinose^ 
the  peroxide  was  added  ^ery  slowly  with  long  intervals  to  allow  the 
ferroos  iron,  which  had  been  oxidised,  to  rsYert  to  the  ferrou«  state. 
On  treataient  with  normal  le«d  acetate  solution  and  filtration  from  a 
yery  small  precipitate,  addition  of  basic  lead  acetate  caused  only  a 
slight  turbidity.    The  osone  was  then  precipitated  from  aolution  bj 
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the  addition  of  more  basic  lead  acetate  and  baryta  water.  The  washed 
precipitate  was  decomposed  exactly  by  50  per  cent,  sulphuric  acid  and 
the  filtrate  tested  with  phenylhydrazine  acetate.  The  yield  of  osazone, 
which  separated  out  partly  at  the  ordinary  temperature  and  partly  on 
warming  on  the  water-bath,  amounted  to  34  per  cent,  of  the  weight  of 
the  rhamnose.  Here  the  osazone  had  been  formed  from  the  osone  only, 
because  the  solution  gave  no  p-bromophenylhydrazone  at  the  ordinary 
temperature  when  tested  with  p-bromophenylhydrazine. 

The  ;?-bromophenylosazone  was  prepared  in  the  same  manner  as  the 
/)-bromophenylarabinosazone,  the  yield  calculated  on  the  rhamnose 
being  20  per  cent.  After  adding  more  of  the  base  and  prolonging  the 
warming  for  half  an  hour  on  the  water-bath,  a  further  yield  of  15  per 
cent,  of  the  osazone  was  obtained.  The  substance  was  easily  crystal- 
lised from  dilute  alcohol  or  from  benzene,  in  which  it  was  less  soluble, 
and  separated  out  in  yellow  aggregates  of  needles.  It  melted  with 
decomposition  at  215°,  and  analysis  showed  it  to  be  an  osazone. 

0-2015  gave  0-3328  CO.^  and  0*0745  H2O.     0  =  43*69  ;  H  =  4*l. 
0-1783     „   1 7-3  c.c.  mofst  nitrogen  at  22°  and  760  mm.     N  =  1104, 
0-1835     „     O'UOAgBr.     Br  =  32*45. 
CjgHofjOgN^Brg  requires  0  =  43*2;  Br  =  32;  H  =  4;  N=  112  per  cent. 


RJiamno8e'^-hromop}henylhydraz(ytie. 

This  substance  was  prepared  by  the  action  of  p-bromophenylhydrazine 
acetjate  on  an  aqueous  solution  of  rhamnose  at  the  ordinary  temperature. 
On  recrystallisation  from  alcohol,  thehydrazone  was  obtained  in  the  form 
of  rhomboidal  plates  which  melted  at  167°  with  decomposition. 

On  analysis,  the  substance  was  found  to  be  the  />-bromophenylhydr- 
azone  of  rhamnose. 

01962  gave  146  c.c.  moist  nitrogen  at  18°  and  767  mm.     N-S'Tl. 
O^gHjyO^NgBr  requires  N  =  8-4  per  cent. 

The  filtrate  from  the  hydrazone,  when  heated  for  one  hour  on  the 
water-bath,  yielded,  on  cooling,  a  yellow  precipitate  of  aggregated 
needles  which,  after  recrystallisation  from  dilute  alcoholi  melted  at 
215°  with  decomposition,  and  was  identical  in  melting  point  and  crys- 
talline form  with  the  osazone  prepared  from  rliamnosone. 


Action  of  PhtnylhenzyihydrazvM  on  Khamnoatme, 

Rhamnose  was  oxidised  by  hydrogen  peroxide  in  the  presence  of 
ferrous  sulphate,  according  to  the  direction  given  above,  but  1  *5  gram- 
molecules  of  peroxide  were  used  for  1  gram-molecule  of  the  sugar. 
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The  eolaUoQ  of  the  owmt,  wbto  empormtod  dowD  to  a  rauUl  bulk 
vmUt  dimlniihtd  pnMoro  od  the  wat«r-baUi«  wai  hmM  with  ao 
aloolioUo  tolaikm  of  phtoylbMnylhjrdrMlDo,  and  thm  ooootntratwl  to 
a  tT^ip  which  was  finally  digested  with  cold  betiime.  This  txtraoly 
poured  into  light  petruleum,  yielded  a  yellow,  amorpbow  tob- 
whidi  was  exceedingly  soluble  in  beniene  and  alooboL  A^Mipli 
lo  obtain  it  in  a  crystalline  form  from  these  solvents  failed,  and  the 
■abetanoe,  after  being  repeatedly  dissolved  in  bemeotaod  reprecipiuted 
bj  pttroleiim  ether,  was  analysed. 

0*1693  gave  1 1*2  cc  moist  nitrogen  at  Ib"^  and  757  mm.     N  -  7*74. 
01497    „     lOcc  „  „    ir»and765mm.     N-7-74. 

CH JCH-OH],00-OONH-N(C«Hj)-CH,-C.Hj  requirse  N - 787. 

The  melting  point  was  very  low,  being  between  50°  and  60^  and  the 
rabttanoe  be^ui  to  soften  at  the  former  temperature.  The  analytical 
retalta  pnnted  more  to  the  presence  of  a  ketohydraxide  than  to  that  of 
a  ketohjdrasone.  The  existence  of  a  hydrazone  of  an  acid  is  unlikely, 
because,  according  to  Lobry  de  Bruyn,  phenylbenzylhydratine  does  not 
react  with  keioees.  The  phenylbenzylhydrasone  of  rhamnose  can  be 
obtained  very  easily  in  a  crystalline  form  from  either  benzene,  in  which 
it  dianlvea  tparingly,  or  from  chloroform,  in  which  it  is  more  soluble. 
On  oooeeutrating  a  solution  of  an  osone  on  the  water-bath  in  the 
pf6>anc<  of  traces  of  iron,  the  osones  often  become  oxidised  to  an  acid 
which  reacts  with  phenylhydrasine  to  give  substanoes  which  contain 
less  nitrogen  and  also  less  carbon  than  the  corresponding  oaaionet. 
Moet  probably  the  rhamnosone  has  been  oxidised  further  to 
CH,[CH-OU],CO*CO,H,  which  reacto  with  phenylbensylhydrazine  to 
give  a  ketohydraxide,  CHjCH-OH],CO-CO-NH-N(C.Hj)-CH,-C^Hj. 
Further  evidaooe  as  to  the  existence  of  such  a  keto-acid  must  be  left 
for  another  oommonication. 

The  PrecipUcUum  <if  Rhamno§e  and  Glticom  /ram  Aqu$ous  Solutions 
by  means  of  Lead  l/ydnmde. 

It  waa  oonsidered  advisable  to  determine  the  amount  of  rhamnoM 
and  glocoae  precipitated  from  squeous  solution  by  basic  lead  ae«tal« 
and  baryta  solution.  In  two  estimations,  twenty-five  cc.  of  a  1  per 
cent,  solution  gave  0*4135  and  0*4160  gram  of  copper  from  a  Fahling'a 
solution. 

Kine  grams  of  rhamnoaa  were  dissolved  in  90  cc.  of  water  and  the 
Bolutioo  was  treated  with  basic  le«d  acetate  and  baryta  solution  ;  the 
precipitate  was  washed  with  cold  water  ontil  the  washings  were  free 
from  barium  and  from  lead,  and  then  dacoapoeed  exactly  by  50  per 
cent,  sulphuric  acid.    The  filtrate  was  made  op  to  300  cc,  a^d  25  cc 
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were  withdrawn  and  boiled  with  excess  of  a  Fehling's  solution.  In 
two  estimations,  the  weights  of  reduced  copper  were,»  (1)  08583,  (2) 
0*8590.  Therefore  4154  grams  of  rhamnose  had  been  precipitated 
with  the  lead  hydroxide.  In  the  case  of  glucose,  under  the  same 
conditions,  it  was  found  that  385  per  cent,  of  the  glucose  taken 
was  precipitated  with  the  lead  h}droxide. 


The  Acid  Products  of  the  Action  of  Hydrogen  Peroxide  on  Glucose  and 
di' Fructose  in  the  presence  of  Ferrous  Stdphate. 

Sixty  grams  of  either  glucose  or  c?-fructose  were  dissolved  in  about 
300  c.c.  of  distilled  water  and  1|  grams  of  crystallised  ferrous  sulphate 
were  added  ;  the  hydrogen  peroxide  was  added  in  quantities  correspond- 
ing with  0*2  gram-atom  of  oxygen,  until  4  j^ram-atoms  of  oxygen  had 
been  introduced.  The  solution  had  a  strongly  acid  reaction  and  was 
partially  neutralised  by  means  of  a  solution  of  caustic  soda.  A 
saturated  solution  of  normal  lead  acetate  was  then  added,  until  no 
more  precipitate  was  produced.  After  a  short  time,  the  whole  was 
filtered;  the  precipitate  contained  oxalic,  glyoxylic,  and  trihydroxybutyric 
acids  in  the  form  of  their  lead  salts.  After  adding  basic  lead  acetate 
solution  to  the  filtrate,  lead  glycollate  separated,  the  precipitate  con- 
tained also  varying,  but  small,  quantities  of  the  other  acids,  providing 
that  this  operation  had  been  carefully  performed.  The  well-washed 
precipitate  cf  lead  oxalate,  glyoxylate,  and  trihydroxybutyrate  was 
then  decomposed  exactly  with  dilute  sulphuric  acid,  and  the  solution 
containing  the  free  acids  decolorised  with  animal  charcoal  and  boiled 
with  calcium  carbonate.  The  calcium  oxalate,  which  separated  out 
immediately,  was  collected,  purified  by  dissolving  in  hydrochloria 
acid  atd  reprecipitating  by  ammonium  hydroxide,  and  identified  by  aD 
estimation  of  calcium. 

The  filtrate,  which  was  still  acid  to  litmus,  was  boiled  with 
calcium  carbonate  until  neutral,  an  operation  which  required  some 
time  owing  to  the  presence  of  the  lactone  of  trihydroxybutyric  acid  ; 
the  solution,  as  is  always  the  case  with  the  calcium  salt  of  this  acid, 
became  very  daik.  Calcium  glyoxylate  was  i>IowIy  deposited, 
which,  however,  was  very  dark  in  colour  on  account  of  the  solution 
from  which  it  was  precipitated ;  it  was  purified  by  deoomposition  with 
oxalic  acid,  neutralisation  with  calcium  carbonate,  and  evaporation  of 
the  solution  to  the  crystallising  point.  When  thus  obtained,  the  salt 
had  a  greyish- white  colour,  and  was  slightly  soluble  in  water;  the  solu- 
tion gave,  on  warming,  the  characteristic  red  precipitate  with  phenyl- 
hydrazine  acetate,  and  also  a  precipitate  with  lime  water. 

It  was  noticed  that  if  the  glyoxylic  acid  was  only  pM*tially 
Aeutralised,  the  calcium  salt  was  only  partly  deposited  on  evaporation^ 
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however,  cAine  down  wImd  water,  or  preferably  linM  waitr,  wae 
to  the  ejrupjr  aolution. 

0*1090,dried at  105*', gare 0085 CO,aii<l 0*0316 U,0.  0-81*3;  H-3i. 
01322       „       nO»,  gave  00804  CaSO,.    Ca-17-8. 

{Ofifi^^fiA  requiree  Ca- 18*0  ;  0-21*6;  U- 27  per  oent. 

The,  aolotioD,  after  the  separation  of  the  calcium  glyozylate^  ood- 
tained  practioally  only  calcium  trihydroxybutyrate.  The  oalciom  waa 
rcmoTed  exactly  by  oxalic  acid,  and  from  the  acid  filtrate  the  lead  aalt 
waa  precipitated  by  normal  lead  acetate  solution.  The  analjsee 
showed  that  the  lead  salt  was  nearly  pure  and  gayo  numbers  agreeing 
with  thoee  required  for  basic  lead  trihydroxybutyrate. 

02617  lead  salt  lost  00227  on  being  dried  at  ISO''.     H,0  -  8*6. 

O^UeO(Pb,2U,0  requires  H,0-8  i  per  cent. 
0-2390.  dried  at  1 30^  gave  02134  PbSO^.     Pb - 60*5. 
0-263,  130°,,,     0138  00,  and  0  0315  H,0.     0-143; 

H  =  133. 
C^H^OjPb  requires  Pb  -  60*7.     0  -  1 4 ;  H  - 1 7  per  cent 

The  lead  trihydroxybutyrate  was  transformed  into  the  calcium  salt, 
which  gave  on  anslysiM  the  following  numbers  : 

01509,  dried  at  110^,  gave  0068  OaSO«.     Oa- 13*3. 
(Cfifi^)JCtL  requires  Oa-  12*98  per  cent. 

The  crude  lead  glycol  late  obtained,  as  described  above,  from  the 
oxidised  sugar  solution,  was  decomposed  with  sulphuric  acid,  boiled 
with  calcium  carbonate,  and  allowed  to  deposit  calcium  glyoxyUte. 
Any  trihydroxybutyrate  left  was  removed  by  the  addition  of  a  solution 
of  normal  lead  acetate,  and  then  basic  lead  glycol  late  was  precipitated 
by  ba&ic  lead  acetate. 

0-2023,  dried  at  1 30^  gave  0-2060  PbSO^.     Pb  -  69*5. 

0*2000,        „       130^,    „    0  063  CO,  and  00198    H,0.    0-85; 

H-1-1. 
Pb(0,H,0,)*0H  requiree  Pb  -  69  3.     C  -  81 ;  H  -  I  3  per  cent. 

The  acid  can  be  obtained  from  this  salt  by  decomposing  it  with 
hydrogen  sulphide ;  it  gave  a  precipitate  with  normal  lead  aoetata, 
but  much  lea  in  quantity  than  with  basic  lead  acetate,  and  the  pre- 
dpitate  in  each  case  was  soluble  in  excess  of  the  reagent  and  repr»> 
cipitated  on  adding  water. 

The  acid  darkened  but  did  not  reduce  ammoniacal  silver  nitrate, 
was  soluble  in  alcohol  and  ether,  and  could  be  obtained  from  the  latter 
in  a  crystalline   form.     The  calcium  salt   was  easily  obtained   in 
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needle-shaped  crystals  by  neutralising  a  hot  solution  of  the  acid  with 
calcium  carbonate. 

Our  thanks  are  due  to  the  Research  Fund  Committee  of  the 
Chemical  Society  for  a  Grant  to  defray  the  expenses  incurred  in 
this  investigation. 
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CXXII. — Ethyl  Benzylideneanilineacetoacetate. 

By  Robert  Selby  Morrell  and  Albert  Ernest  Bellars. 

It  was  formerly  stated  (Morrell  and  Crofts,  Proc.,  1898,  14,  121)  that 
the  purple  oil,  obtained  by  the  action  of  anhydrous  ferric  chloride  on 
ethyl  acetoacetate,  was  decomposed  by  water  into  ferric  chloride  and 
ethyl  acetoacetate,  and  that  the  ethyl  acetoacetate  yielded  with 
benzylideneaniline  an  additive  product  melting  at  78°.  Schiff  (Ber., 
1898,  31,  207)  considered  that  the  additive  product  melting  at  78°  was 
formed  by  the  combination  of  the  ketonic  modification  of  ethyl  acetO' 
acetate  with  benzylideneaniline.  The  result  obtained  by  Morrell  and 
Crofts  seemed' to  be  anomalous,  since  the  benzylideneaniline  compound 
melting  at  104°  was  expected,  this  temperature  being  the  melting 
point  of  the  compound  obtained  from  the  enolic  form  of  ethyl  aceto- 
acetate and  benzylideneaniline  (Schiff,  loc.  cit.).  Recently  the  exist- 
ence of  three  forms  of  ethyl  benzylideneanilineacetoacetate  has  been 
challenged  by  Rabe  {Ber.f  1902,35,  3947),  who  points  out  that  aniline 
combines  with  ethyl  benzylideneanilineacetoacetate  to  give  a  substance 
which  melts  at  78^.  Rabe,  who  considered  that  the  change  of  one 
form  of  ethyl  benzylideneanilineacetoacetate  into  another  form, 
as  described  by  Schiff,  was  attended  by  the  decomposition  of  the  additive 
product  with  the  liberation  of  aniline,  had  grave  doubts  as  to  the 
existence  of  three  desmotropic  modifications  of  ethyl  beniylideneaniliiie- 
acetoacetate. 

A  few  months  ago,  Francis  (Ber.f  1903,  36,  937)  published  his 
investigations  on  the  forms  of  ethyl  benzylideneanilineacetoacetate,  and 
concluded  that  one  modification  exists  with  a  melting  point  of  104^, 
and  perhaps  a  second  modification  melting  at  78 — 80°. 

With  the  intention  of  confirming  the  observation  made  on  the  ethyl 
benzylideneanilineacetoacetate  obtained  from  the  decomposition  of 
the  ferric  chloride  additive  product,  we  tried  a  blank  experiment  with 
the  specimen  of  ethyl  acetoacetate  used  in  our  earlier  work.     The 
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•ihyl  lOttoiettaU  was  ahaken  with  waUr  and  tthtr  and  ihta 
yi^ldad,  with  btoijUdaiiaaoiliiia,  Um  aodiftoilioo  atlUng  at  78— aO". 
Prom  thia  •xperimani,  we  wera  lad  to  oondoda  thai  in  this  oaaa  tha 
ltnta6oation  of  an  enolio  or  katonio  form  bj  maani  of  banijUdanaantUoa 
waa  not  poatibla. 

Tha  formation  of  tha  ethyl  benijlideneanilinaaoatoaeatata  ondar 
coiiditio^  which  ought  to  have  furnished  a  lesi  futible  modiBcation 
kd  oa  to  repeat  the  work  of  SchiflF,  Rabe»  and  Franoie  on  the  influence 
of  ptparidine  and  of  sodium  ethoxide  on  the  additire  product  of  ethyl 
atfatoaoetata  and  benxylideneaniline. 

Am  regards  the  iufluenoe  of  piperidine,  the  recults  agreed  with 
thoee  of  Schiff  and  Francis,  but  not  with  those  of  Rabe.  Bodium 
etboxida  bad  a  singular  effect;  in  the  presence  of  a  trace  of  the 
powdered  reagent,  the  modification  of  ethyl  beozylideneanilineaceto- 
aoetate  melting  at  78—80°  was  obtained.  When  the  amount  of 
eodiom  ethoxide  was  increased,  a  substance  was  produced  which  con- 
tained no  nitrogen,  and  possessed  tha  crystalline  forms  and  melting 
points  characteristic  of  a  mixture  of  the  ^j  and  /3,  modifications  of 
ethyl  bensylidenediacetoaceUte  (Rabe,  AnnaUn,  1900,  313,  176). 
The  minimum  amount  of  sodium  ethoxide  required  to  cause  this  change 
waa  found  to  be  0*03  gram  for  1  gram  of  ethyl  aoetoaoetate.  It 
soemod  that  in  the  preeenoe  of  a  small  quantity  of  sodium  ethoxide 
the  reaction  could  be  represented  by  the  following  equation  : 

JCH,COCH,-CX),C,H,  +  2C.H5N:CHCeH4- 
CH,-CH>-CH'00,-C,H5 

•         >CH-C.fi,  +  C.H.-NHL 

CH,-cocHCo,c,H  J + c,h,n:ch-c,h, 


The  aniline  liberated  in  the  reaction  was  detected  by  the  same 
which  Rabe  used  (Bm-,,  1902,  36,  3951).  He  showed  that  an  alooholie 
solution  of  freshly  prepared  ethyl  benzylideneanilineacetoaoeUta  did 
not  contain  free  aniline. 

In  ourexperimenU,  the  ethyl  benzyUdeneinilineaoetoaooUte  melting 

at  78 80°  has  been  obUined  from  freshly  distilled  ethyl  acetoacetate, 

from  samplee  of  the  esters  which  have  been  left  for  several  years,  and 
also  from  KahlUum's  preparation,  which  is  considered  by  Schiff  to  ba 
the  enolic  form. 

Tha  resnlU  of  our  inveetigation  point  to  the  existence  of  one  form 
of  ethyl  benxyUdeneanilineaoetoaoetata  and  show  that  the  addiUon  of 
small  quantities  of  sodium  ethoxide  caoses  the  forma^  of  aihyl 
bensylidenediacetoaceUte.  Ethyl  bensylidenesnilineaneloaootaU  (m.  p. 
78—80°)  is  quite  sUble  and  can  be  kept  for  a  month  without 
undergoing  any  change  in  iU  malting  point. 

It  is  essential  that  the  benxana  oMd  for  tha  r««yrtallisation  of  this 
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Bubstance  should  be  pure,  inasmuch  as  a  considerable  elevation  of  the 
melting  point  is  brought  about  by  the  use  of  the  impure  solvent  (see 
p.  1295). 

The  peculiar  action  of  small  quantities  of  sodium  ethoxide  may 
perhaps  account  for  the  apparent  existence  of  the  less  fusible  modifica- 
tions, since  ethyl  benzylidenediacetoacetate  is  soluble  in  the  same 
solvents  as  ethyl  benzylideneanilineacetoacetate. 

The  determination  of  the  molecular  weight  of  ethyl  benzylidene- 
anilineacetoacetate in  benzene  by  Landsberger's  method  gave 
numbers  agreeing  with  those  obtained  by  Rabe  and  Biltz  (R.  Schiff, 
Ber.,  1898,  31,  208 ;  1902,  35,  4326  ;  P.  Rabe,  ihid.,  1902,  35.  3951  ; 
W.  Biltz,  ibid.,  1902,  35,  4438;  Francis,  t6i<Z.,  1903,  36,  941).  The 
numbers  suggested  a  gradual  dissociation  of  the  substance,  since  the 
molecular  weight  diminished  with  the  dilution.  In  the  case  of  carbon 
tetrachloride  as  solvent,  the  molecular  weight  of  the  ethyl  benzylidene- 
anilineacetoacetate diminished  steadily  with  the  dilution. 


Experimental. 
Action  of  Benzylideneaniline  on  Ethyl  Acetoacetate. 

A  sample  of  redistilled  ethyl  acetoacetate,  which  had  been  used  in 
the  earlier  work  and  had  been  kept  for  three  years,  was  treated  with  one 
molecular  proportion  of  benzylideneaniline  (m.  p.  48°).  After  some  hours, 
the  mixture,  which  had  become  quite  solid,  was  powdered  and  washed 
with  light  petroleum  ;  the  yellowish-white  solid  was  then  found  to 
melt  at  84 — 85°,  but  after  recrystallisation  from  benzene  the  melting 
point  fell  to  80°,  and,  when  subsequently  crystallised  from  carbon  tetra- 
chloride, it  melted  constantly  at  78°.  ► 

In  order  to  test  a  result  obtained  by  one  of  us  (Proc.,  loe,  ctl.)  in 
which  the  modification,  melting  at  78°,  was  obtained  from  the  decom- 
position by  water  of  the  purple  liquid  produced  by  the  action  of 
anhydrous  ferric  chloride  on  ethyl  acetoacetate  and  the  subsequent 
treatment  of  the  regenerated  ethyl  acetoacetate  with  benzylidene- 
aniline, 1*7  grams  of  redistilled  ethyl  acetoacetate  were  dissolved  in 
pure  dry  ether,  the  ethereal  solution  shaken  with  water,  and  the 
ethereal  layer  evaporated  under  reduced  pressure  at  30°.  The  ethyl 
aoetoacetate  was  then  dried  in  a  vacuum  and  treated  with  benzylidene- 
aniline under  the  foregoing  conditions.  The  yellowish-white  solid,  when 
washed  with  light  petroleum,  was  found  to  melt  at  78°,  and  when 
cryatillised  succeasively  from  benzene  and  carbon  tetrachloride  the 
melting  point  remained  constant  at  80°.  This  experiment  showed  that 
the  benzylideneaniline  compound  of  ethyl  acetoacetate,  obtained  from 
the  ester  regenerated  from  the  ferric  chloride  compound,  was  the  same 
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M  thai  pitpTtd  by  Um  actioD  of  beoijlideoeaniliiM  oo  i«diitlll«l 
•ibjl  MtloMctote. 

No  eoodutioQ  at  to  th«  ooDttitutioD  of  the  ferric  chloride  conpooDd 
with  ethyl  eoefeOMtlate  eoald  be  drawn  from  the  ttud/  of  the 
Uaiylideneaiiilint  eompoand  of  the  regenerated  eihjl  aeeloaoeUto. 
As  will  be  aeeii  from  the  following  reealte,  freehlj  diafcUled  eihjl 
aoetoMi^late  with  beniylideneaDiline  gaye  the  more  funible  modi6oa- 
tioQ.  Freahlj  distilled  ethyl  aoetoaoetate  (3*4  grame)  wat  mixed  with  0 
grame  of  bensylideneaniline.  The  yellowiih-white  product,  the  yield 
of  which  was  nearly  quantitative,  melted  at  75°  after  washing  with 
light  petroleam  ;  when  crystallised  from  benxene,  it  melted  at  79^ 
and  on  reerystalliaation  from  carbon  tetrachloride  the  melting  point 
constant  between  80°  and  81°. 


0*3005  gave  12  c.c.  moist  nitrogen  at  23°  and  771  mm.     N-4*56. 
CjjHjjOjN  requires  N  -  4*5  per  cent. 

When  ethyl  acetoacetate  and  benzylideneaniline  were  mixed  in  the 
proportion  of  two  gram-molecules  of  the  ethereal  salt  to  one  of  the 
amine,  the  additive  product  obtained  melted  at  78—80°  after  •oooee- 
aiw9  eryttellisations  from  benzene  and  carbon  tetrachloride. 

0  3762  gave  14*7  cc.  moist  nitrogen  at  20°  and  771  mm.     N-4'54. 
Cj,H,jO,N  requires  N  »  4*5  per  cent. 

The  specimen  of  ethyl  aoetoacetate  supplied  by  Kahlbaum,  and  cop- 
sidered  by  Scbiff  to  be  the  pure  enolic  form,  yielded,  on  treatment  with 
benzylideneaniline,  an  additive  product,  which,  when  washed  with 
light  petroleum,  melted  at  83°,  and  after  suocessive  ccystallisations 
from  benzene  and  carbon  tetrachloride  gave  a  constant  melting  point 
at  81^ 

0*2512  gave  0*6735  CO,  and  01525  H,0.     C- 73*12;  H  -6*74. 
C,,H^O,N  requires  C  «  73*33  ;    H  -  6*7  per  cent. 

The  effect  of  impurities  in  the  benzene  on  the  melting  point  of  Um 
bensylideneaniline  additive  compound  when  crystallised  from  this 
solvent  is  illustrated  by  the  following  data : 

The  modification,  m.  p.  78°,  after  recrystallisation  from  redistilled  but 
impure  benzene,  melted  at  98 — 99°,  and  after  recrystallisation  from 
pure  crystallisable  benzene  at  87°.  In  a  duplicate  experiment,  the 
melting  point  after  crystal lisation  from  redistilled  but  impure  benaeiM 
roee  to  86°,  whereas  the  substance  melted  at  83°  when  crystallised 
from  pure  crystallisable  benaene. 

The  modification,  m.  p.  81°  when  recrystallised  from  redistilled  but 
impure  benzene,  melted  at  92 — 93°,  but  the  crystals  separating  from 
pure  crystallisable  benzene  melted  at  85°. 

4  s  t 
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With  ethereal  or  alcoholic  ferric  chloride,  the  additive  product 
immediately  gave  a  purple  coloration,  which  was  more  intense  in  ether 
than  in  alcohol. 

The  influence  of  piperidine  on  the  combination  of  benzylideneaniline 
and  ethyl  acetoacetate  is  stated  by  Schiff  to  bring  about  the  formation 
of  the  modification  melting  at  78°.  According  to  our  results,  piperidine 
did  not  influence  the  combination  in  the  slightest  degree.  A  mixture 
of  17  grams  of  ethyl  acetoacetoacetate,  2*5  grams  of  benzylideneaniline, 
and  2  drops  of  piperidine  became  solid  after  a  few  hours,  and  the 
yellowish-white  product,  after  being  washed  with  ligroin,  melted  be- 
tween 72°  and  73° ;  when  crystallised  from  benzene,  the  substance 
melted  at  79°,  and  the  melting  point  remained  at  81 — 82°  after  crys- 
tallisation from  carbon  tetrachloride.  The  ligroin  washings  were  found 
to  coutain  free  aniline.  The  numbers  are  practically  the  same  as  those 
obtained  without  the  use  of  piperidine. 

The  influence  of  sodium  ethoxide  on  the  combination  of  benzylidene- 
aniline and  ethyl  acetoacetate  was  very  peculiar.*  According  to  Schiff, 
the  addition  of  a  very  small  quantity  of  sodium  ethoxide  causes  the 
formation  of  the  modification  melting  at  104°.  Kabe  states  that 
sodium  ethoxide  decomposes  the  additive  product,  aniline  being  set  free. 
We  are  able  to  confirm  Rabe's  statement,  and,  moreover,  we  find  that 
in  the  presence  of  a  trace  of  sodium  ethoxide,  and  even  in  the  absence 
of  alcohol,  aniline  is  eliminated  from  ethyl  benzylideneanilineaceto- 
acetate,  giving  rise  to  the  formation  of  ethyl  benzylidenediaceto- 
acetate.  A  trace  of  sodium  ethoxide  did  not  influence  the  melting  point 
of  the  modification,  which  was  still  between  78°  and  80°,  even  when 
006  gram  of  sodium  ethoxide  was  employed  with  6*4  grams  of  ethyl 
acetoacetate.  If,  however,  005  gram  of  sodium  ethoxide  was  used  with 
1*7  grams  of  ethyl  acetoacetate,  the  change  in  the  melting  point  of 
the  product  was  very  marked. 

(a)  A  mixture  of  2*3  grams  of  ethyl  acetoacetate,  3*3  grams  of 
benzylideneaniline,  and  a  trace  of  powdered  sodium  ethoxide  became 
solid  after  some  time,  and  the  yellowish-white  product,  when  washed 
with  ligroin,  was  found  to  melt  at  92°.  After  successive  crystallisa- 
tions from  benzene  and  carbon  tetrachloride,  the  melting  point  became 
constant  between  78°  and  80°. 

(b)  A  mixture  of  6*4  grams  of  ethyl  acetoacetate,  7*5  grams  of 
benzylideneaniline,  and  0*06  gram  of  sodium  ethoxide  yielded^  after 
several  hours,  a  yellowish-white  product  which,  when  washed  with  ligroin, 
melted  at  77°.     After  crystallisation  from  benzene,  the  i^elting  point 

to  79°.     Aniline  was  found  in  the  ligroin  and  benztue  washings, 


*  The  sodittm  ethoxide  was  prepared  by   the   methoil  described  by  BrUhl  and 
RilU  {Ber.,  1891,  24,  619),  and  dried  in  a  vacaum  at  100*. 
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and  Um  Bolher  liquor  from  the  erjsUlli^ation  in  btOMoa  gATt,  oa 
addiBf  Ugroia,  a  tabsUiioe  whioh  malUd  at  89''. 

Tba  0U17I  beoiylidaneaniliDeaixioaeataU,  malting  at  79^  wai  analjtad 
with  the  foUowiog  result : 

0*1850  gave  0*4965  00,  and  0  1 142  H,0.    C  -  7319  ;  H  -  6^. 
Oi^H^OgN  requires  0  -  73*33 ;  U  -  6*7  per  cent 

(0)  The  piodnot  obtained  in  a  similtr  manner  from  1  7  gramH  ot 
eibyl  acetoacetate,  2*5  grams  of  bensylideneaniline,  and  0*05  gram  of 
sodium  ethozide,  was,  when  washed  with  ligroio  and  crystallised  from 
beoMoe,  found  to  melt  st  124^  Aniline  was  detected  in  the  Itgroin 
waahings. 

When  aleohol  was  used  instead  of  benzene,  the  product  melted  at 
150°.  The  mother  liquor  from  the  benzene  crystallisation  gave,  on  the 
addition  of  ligroin,  a  substance  which  melted  at  140°,  whereas  the 
compound  obtained  from  the  alcoholic  mother  liquor,  on  treatment 
with  water,  melted  at  128°.  The  substance  which  melted  at  150°  was 
ethyl  bensylidenediaoetoacetate  : 

01560  gave  0  3750  CO,  and  0*1015  H,0.     C-65*5  ;  H-7*2. 
CjjHjpj  requires  C-  655  ;  H  «  6*9  per  cent. 

This  compound,  which  is  one  of  the  forms  of  ethyl  benzylidenedi- 
acetoacetate  described  by  Rabe  (AnnaUn,  1900,  313,  129),  did  not 
react  with  ferric  chloride,  and  the  aniline  set  free  in  its  formation  oould 
be  easily  detected. 

{d)  The  use  of  a  larger  amount  of  sodium  ethoxide  led  to  the 
formation  of  ethyl  benzylidenediacetoacetate,  as  in  the  previous  experi- 
ment, but  the  liquid  mixture  of  benzylideneaniline  and  ethyl  aceto- 
acetate  did  not  solidify  and  remained  as  a  gelatinous  mass.  On 
treatment  with  ligroin,  the  gelatinous  mass  became  solid,  and  after 
crystallisation  from  benzene  or  carbon  tetrachloride  the  modification 
melted  at  123 — 125°,  but  after  recrystallisation  from  alcohol  the  melting 
point  rose  to  149 — 150°.  The  ethyl  benzylidenediaoetoaoetate  pro- 
duced in  this  way  was  analysed  with  the  following  result : 

0-25  gave  0*5912  CO,  and  01549  H,0.     C-6515  ;  H-6  84. 
^19^14^6  requires  C  -  65*5 ;  H  -  6  9  per  cent. 

The  alcoholic  mother  liquor  from  the  crystals  melting  at  149 — 150° 
gave,  on  dilution  with  water,  a  crystalline  preetpitate  of  flat,  rhombic 
prisms  which  melted  at  137^. 

(a)  A  mixture  of  2  grams  of  ethyl  acetoaeeiata,  S*5  grama  of 
benzylideneaniline,  and  0*1  gram  of  sodium  ethoxide  also  yielded  a 
gelatinous  product  which,  after  being  washed  with  ligroin,  melted  at 
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136 — 138°  and  when  recrystallised  either  from  benzene  or  from  carbon 
tetrachloride,  melted  at  134—136°  or  131—133°  respectively.  The 
product  contained  no  nitrogen,  and  an  analysia  showed  that  it  waa  a 
mixture  of  the  ketonic  forms  of  ethyl  benzylidenediacetoacetate. 

0-2482  gave  0-5927  COj  and  01500  Hfi.     C  =  65-1 ;  H  =  6-7. 
CigHg^Og  requires  C  =  65*5  ;  H  =  69  per  cent. 

With  a  still  larger  quantity  of  sodium  ethoxide,  amounting  to 
0*5  gram  for  2  grams  of  ethyl  acetoacetate  and  2  5  grams  of  benzyl- 
ideneaniline,  the  gelatinous  product,  after  being  washed  with  ligroin, 
melted  at  138 — 144°.  On  crystallisation  from  benzene,  the  melting  point 
fell  to  128 — 130°,  and  when  recrystallised  from  carbon  tetrachloride 
or  alcohol  the  compound  melted  constantly  at  130°.  The  substances 
with  different  melting  point,  but  with  the  same  chemical  composition, 
were  identical  in  crystalline  form  with  those  obtained  by  Rabe  (loc. 
cit.).  The  modification  melting  at  130°  was  not  homogeneous,  but 
consisted  of  a  mixture  of  acicular  and  rhomboidal  crystals. 

The  variation  in  the  values  of  the  molecular  weight  of  the  benzyl- 
ideneaniline  additive  product  is  of  interest,  as  will  be  seen  from  the 
numbers  obtained  in  the  molecular  weight  determination  by  means  of 
Landsberger's  method. 

Molecular  weight  in  benzene 300     303     263     268 

Molecular  weight  in  carbon  tetrachloride...   293     280     245     240 
CjgHgi^s^  requires  311. 

These  numbers  suggest  that  a  dissociation  oF  ethyl  benzylidene- 
anilineacetate  into  its  constituents  occurs  when  it  is  heated  to  a 
temperature  near  its  melting  point  in  either  benzene  or  carbon  tetra- 
chloride. From  Rabe's  work,  we  conclude  that  the  constituents  are 
aniline  and  ethyl  benzylidenediacetoacetate.  Biltz  obtained  the  values 
210  and  205  for  the  molecular  weight  in  benzene  by  Landsberger's 
method.  Rabe's  values  were  226  and  213,  whilst  those  given  by 
Francis  are  292  and  305  in  benzene  and  302  and  232  in  carbon  tetra- 
chloride. 

GONVILLB  AND  CAIUB  COLLEGE   LaBORATORT, 

Cambridqb. 
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CXX  III.  Contributions  to  tlie  ChemiMnj  of  the  TerpeneMt 
Parf  I.  The  OxiJation  of  Pifietie  with  Chronxyl 
Chloride, 

By  GbOROI  GtRALD     HKNDBBSOIf  a&d   TnOMAS   OftAT. 

In  Um  {Miper  which  contains  an  account  of  his  inTestigatioo  of  tha 
oridiriiig  aotioo  of  cbromyl  chloride  on  certain  hydrocarbons  (An%%, 
CkUn,  Fkyi.,  1881,  [v],  22,  218),  J^tard  sUtea  that  some  of  the  ter- 
penes  yield  with  that  reagent  solid  addition  products  which  are  decom- 
posed by  water  with  the  formation  of  camphoraldehydes.  No  details 
of  his  experiments  are  given  in  this  paper,  but  in  a  later  one  (Compi, 
fWMl.,  1893,  116,  434)  he  describee  more  fully  the  results  obUined  by 
oxidising  camphene  and  pinene  with  chromyl  chloride.  Etch  of  these 
hydrooarbons  was  found  to  react  with  chromyl  chloride,  and  the  solid 
oompoands  which  were  formed  yielded  oily  products  when  treated  with 
water.  The  oil  obtained  from  camphene  combined  with  sodium 
hydrogen  sulphite,  and  the  crystalline  bisulphite  compound  gave  an 
aldehyde  when  decomposed  in  the  usual  manner.  The  aldahyde,  to 
whieh  l&tard  ascribed  the  formula  CjoHj^O,  resembled  eamphor  in 
appearance,  and  was  converted  into  a  crystalline  acid,  CjqHj^O,,  when 
exposed  to  the  air.  From  the  oil  obtained  from  pinene,  ^tard  failed 
to  prepare  a  crystalline  compound  with  sodium  hydrogen  sulphite,  and 
therefore  purified  it  by  distillation  in  a  current  of  steam  and  subsequent 
fractionation  in  a  vacuum.  The  product  was  an  oily  refractive  liquid 
with  an  agreeable  odour,  which  boiled  at  205—207*'  (760  mm.)  and 
showed  the  characteristic  reactions  of  an  aldehyde.  Analysis  gave 
C-79-5,  H  =  9'7  ;  C^H^O  re<]uires  C-8000,  H-.9-33.  The  paper 
concludes  with  the  following  sentence :  **  II  n'est  pas  douteux  qa'oo 
poisee  par  le  chlorure  de  chromyle  transformer  divers  torpioea  en 
aldehydes  et  exception nellement  en  ac<$toiies." 

Some  years  Uter,  Bredt  and  Jagelki  (Ann4»Un,  1899,  310,  112)  re. 
examined  the  action  of  chromyl  chloride  on  camphene  and  showed  that 
£tard's  **  camphenaldohyde  "  and  the  acid  which  is  formed  from  it  by 
spontaneous  oxidation  are  not  unsaturated  compounds,  but  in  rsalilj 
have  the  formula  C,^>HjjO  and  CjoHj^O,  respectively ;  for  these  wib- 
stances  they  propoeed  tbe%ames  camphenilanaldehyde  and  campbenil- 
anic  acid.  They  also  found  that  camphenilanic  add  is  converted  into 
an  isomeride,  isocamphenilanic  add,  when  boiled  with  dilute  oitrie 
add,  and  that  the  latter  is  also  obtained  when  the  aldehyde  is  ozidlMd 
with  dilute  permanganate.     They  are  of  the  opinion  that  camphene 


1300        HENDERSON   AND  GRAY:   CONTRIBUTIONS  TO  THE 

is  converted  into  camphenilanaldehyde  in  the  manner  indicated  by 
the  following  formulae : 

CHj-C^H OH  CHj-CjJH— V 

I       CMog      ||.  -^  I       CMej      CH-CHO. 

Experiments  on  the  action  of  chromyl  chloride  on  pinene  were  also 
made  by  one  of  us  (Trans.,  1889,  56,  45),  and  it  was  proved  that  the 
solid  additive  compound  has  the  formula  CnjHjgjSCrOgClg,  and  that  the 
oily  liquid  obtained  by  the  action  of  water  on  it  does  not  consist  of  an 
aldehyde  alone.  However,  the  attempt  to  separate  the  mixture  into 
its  components  was  at  that  time  unsuccessful. 

With  the  exception  of  the  work  summarised  above,  nothing  has 
been  done  in  this  direction.  We  have  recently  returned  to  the 
subject,  and  intend  to  study  the  action  of  chromyl  chloride  on  all  the 
terpenes.  The  present  paper  contains  an  account  of  the  results  which 
we  have  hitherto  obtained  with  pinene. 

The  solid  compound,  which  is  precipitated  by  adding  a  dilute  solution 
of  chromyl  chloride  in  dry  carbon  disulphide  to  a  similar  solution  of 
pinene,  yields  a  viscid,  brown  oil  when  treated  with  water.  When  the 
oil  is  distilled  in  a  current  of  steam,  a  large  quantity  of  resinous 
matter  remains  in  the  distillation  flask,  and  a  clear,  yellow,  oily  liquid 
volatilises  with  the  steam.  The  yield  is  very  small.  This  oily  liquid 
is  a  mixture  of  at  least  three  substances — a  saturated  aldehyde, 
CiQHjgO,  an  unsaturated  keione^  CiqHj^O,  and  a  cldorinated  oxidation 
product  of  pinene.  The  aldehyde  is  separated  by  means  of  its  crystal- 
line bisulphite  compound,  and  the  residual  ketone  is  separated  from 
the  chlorinated  compound,  which  has  a  considerably  higher  boiling 
point,  by  fractional  distillation  under  diminished  pressure.  The 
ketone  is  present  in  largest  quantity,  whilst  there  is  very  little  of  the 
chlorinated  compound.  On  exposure  to  air,  the  aldehyde  is  very 
quickly  oxidised  to  the  corresponding  saturated  acid,  CjoHj^Oj.  The 
same  acid  is  obtained  on  oxidising  the  aldehyde  with  boiling  dilute 
nitric  acid  or  with  dilute  aqueous  potassium  permanganate,  whence 
it  is  obvious  that  the  aldehyde  from  pinene  behaves  differently  in  this 
respect  from  Bredt  and  Jagelki's  camphenilanaldehyde.  The 
quantity  of  the  chlorinated  product  was  too  small  to  admit  of 
purification,  but  an  approximate  analysis  showed  that  it  contaiDS 
oxygen  as  well  as  chlorine. 

A  further  study  of  the  aldehyde  and  ketone,  with  which  we  are  now 
occupied,  is  necessary  before  any  conclusions  with  regard  to  their  con- 
stitution are  justifiable.  However,  if  the  action  of  chromyl  chloride 
on  pinene  proceeds  in  a  manner  analogous  to  its  action  on  camphene,  and 
if  Bredt  and  Jagelki's  view  of  the  constitution  of  camphenilanaldehyde 
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is  eorrtet,  %h«  fonnatioo  of  tht  piii«M  «lMij(k  and  tht  eorrwpoodiiif 
•M  •hould  Uke  place  in  the  waj  indieaUd  by  the  foUowiog  formula  : 

CH-CH,— OH  CH-CH,-v 

I^^CMe,  11  -^         I^^CMe,   .CMe-OHO         -► 

CH,CH--OMe  0H,CH-^ 

PiDcne.  Aldehyd*. 

CH-CH,-v 

I^^CMe,    CMe-00,H. 
CH^-CH-^ 
Acid. 


ExPBRIlflNTAL. 

[With  EwiMG  Smith,  A.I.C] 

OxicUuian  of  Pinene  with  Chrwnyl  Chloride, 

It  was  desirable  that  the  chromyl  chloride  used  in  oar  experiments 
should  be  as  far  as  possible  free  from  chlorine,  and  therefore  it  was 
purified  hj  two  distillations  under  diminished  pressure,  the  last  in  an 
atmosphere  of  dry  carbon  dioxide,  and  finally  by  passing  a  current 
of  dry  carbon  dioxide  through  the  gently  heated  liquid  for  a  consider- 
able time.  In  the  first  experiment,  we  used  pure  inactive  pinene,  pre- 
pared from  a  specimen  of  American  oil  of  turpentine,  for  which  we 
are  indebted  to  the  courtesy  of  Messrs.  Barry,  Ostlere,  and  Shepherd 
of  Kirkcaldy.  The  turpentine  was  dried  and  distilled  and  the  fraction 
boiling  at  158 — 161°  was  converted  into  the  nitrosochloride.  The 
purified  pinene  nitrosochloride  was  decomposed  by  heating  with  aniline 
and  alcohol,  and  the  liberated  pinene  was  extracted  with  ether,  washed, 
dried,  and  distilled  several  times.  The  portion  which  boiled  at 
155 — 157^  was  used  for  the  oxidation.  Subsequent  ezpariments 
showed  that  this  tedious  mode  of  purification  was  unneoetaary, 
because  the  oil  of  turpentine,  when  repeatedly  distilled,  yielded  a  large 
fraction  of  pure  (/-pinene  boiling  at  156*'  (755  mm.),  which,  on  oxida- 
tion, gave  products  quite  as  pure  as  thoee  obtained  from  the  pinene 
purified  by  means  of  the  nitrosochloride.  For  the  oxidation,  ten  par 
cent,  solutions  of  chromyl  chloride  and  pinene  in  dry  carbon  disulphtde 
were  employed.  The  solution  of  piDeoe  (1  moL)  was  placed  in  larga 
flasks  which  were  cooled  by  ioe  water,  and  tbe  solution  of  chromyl 
chloride  (rather  more  than  2  mols.)  was  added  slowly  in  small  quanti- 
ties at  a  time,  the  mixture  being  well  shaken  after  each  addition. 
When  the  reaction  was  completed,  the  Toluminous  dark  brown 
precipitate  which  had  formed  was  washed  by  deoanUtion 
with  dry  carbon  disulphide  until  every  trace  of  ehromyl  chloride  had 
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been  removed,  drained  quickly  at  the  pump,  and  transferred  to  bottles. 
The  pasty  mass  (a  mixture  of  the  precipitate  with  carbon  disulphide) 
was  then  added  in  small  portions  to  ice-cold  water  containing  some 
sulphurous  acid,  and  after  each  addition  the  flask  was  shaken  until  the 
solid  was  completely  decomposed.  In  order  to  reduce  the  chromic 
acid  which  is  formed  by  the  action  of  water  on  the  precipitate  and 
thus  to  prevent  any  further  oxidation  of  the  product,  some  sulphur 
dioxide  was  passed  into  the  solution  from  time  to  time.  When  the 
whole  of  the  precipitate  had  been  decomposed,  the  solution  of  the 
oxidation  product  in  the  carbon  disulphide  was  separated  from  the 
upper  aqueous  layer,  which  was  then  extracted  with  more  carbon 
disulphide.  The  carbon  disulphide  solution  was  thoroughly  washed 
with  water  and  the  solvent  was  then  removed  by  distillation,  leaving 
the  oxidation  product  in  the  form  of  a  viscid,  dark  brown  liquid 
having  a  pungent  odour. 

The  solid  compound,  formed  by  the  action  of  chromyl  chloride  on 
pinene,  has  the  composition  represented  by  the  formula 

C,,H,„2C.02C1,. 
When  dry,  it  is  a  greyish-brown  powder.  It  absorbs  moisture  with 
great  avidity,  and  on  exposure  to  the  air  is  very  quickly  converted  into 
a  viscid,  green  liquid,  which  has  a  nauseous,  sweet  odour.  It  is  com- 
pletely decomposed  by  water,  giving  chromic  chloride  and  chromic 
acid  in  addition  to  the  organic  substances. 

Separation  of  the  Aldehyde,  CgHj^'CHO. 

'  The  brown,  oily  substance  obtained  by  decomposing  the  compound 
CioHjg,2Cr02Cl2  with  water  was  distilled  in  a  current  of  steam,  when 
a  large  quantity  of  resin,  which  did  not  invite  further  examination, 
was  left  in  the  flask  and  a  clear,  yellow  oil  passed  over  into  the 
receiver.  The  distillate  was  extracted  with  ether,  the  greater  part  of 
the  ether  removed  by  distillation,  and  the  concentrated  solution  of  the 
oil  mixed  with  an  equal  volume  of  a  saturated  aqueous  solution  of  sodium 
hydrogen  sulphite.  In  our  first  experiment,  a  crystalline  bisulphite 
compound  was  only  formed  very  slowly  after  agitation  of  the  mixture 
for  about  two  days,  but  in  subsequent  preparations,  crystallisation  was 
easily  started  by  the  addition  of  a  few  particles  of  the  compound. 
After  separating  the  first  crop  of  crystals,  the  ethereal  liquid  was 
shaken  repeatedly  with  fresh  quantities  of  the  sulphite  solution 
until  no  more  crystals  were  formed.  The  bisulphite  compound  was 
collected  at  the  pump  (a  troublesome  process  owing  to  the  very  finely 
crystalline  condition  of  the  substance)  and  washed  thoroughly  with 
alcohol  and  then  with  ether.  It  forms  very  minute,  colourless  crystals  and 
18 completely  decomposed  when  heated  with  water.  In  order  to  obtain 
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the  aldthjrde,  the  bisiilphito  oompound  was  boiled  with  Aqueout  ■odium 
oarbonale^  ibt  aldehyde,  which  volatiliaed  with  the  •leaoiaadeoUdified 
in  tiM  teeeifer,  was  extracted  with  ether,  the  ethereal  eoloiioii  dried 

\Tith  oaldum  chloride,  the  ether  distilled  off,  and  the  aldehyde  ftoally 
purified  bj  distillation  in  an  atmohphere  of  carbon  dioxide. 

TIm  ofrfeAyrfe,  C^Hi^-CHO,  is  a  soft,  crjstalline  solid  with  a  peculiar 
pungent  odour.  It  melts  at  about  33°  and  boils  at  205—207°  (755  mm.) 
and  Tolattlieee  very  easily  in  a  current  of  steam.  It  is  practically 
ineolnble  in  water,  but  very  readily  soluble  in  alcohol  and  in  ether. 
1 1  shows  all  the  characteristic  reactions  of  aldehydes,  giving  a  colora- 
tion with  nugenta  decolorised  by  sulphurous  acid,  reducing  silver  nitrate 
and  uniting  with  sodium  hydrogen  sulphita  It  oxidises  spootaneouftly 
on  exposure  to  the  air,  and  with  such  rapidity  that  it  is  obtained  in  a 
slaie  of  purity  only  with  some  difficulty : 

0-0964  gave  02790  CO,  and  00922  H,0.     C  -  7893 ;  H  - 10-62. 

01936     „     0  5580COj    „    01825  H,0.     C - 78-60;  H- 10-47. 

Ci,H„0  requires  C - 7894  ;  H -  10-52  per  cent. 

The  aldehyde  readily  forms  a  crystalline  tsfnicarbazone, 

c,Hij-ch:noonh-nh,  ; 

this  oompound  crystallises  from  methyl  alcohol  in  lustrous,  pearly  leaflets 
and  melte  at  191° ;  it  is  readily  soluble  in  hot,  but  sparingly  so  in  cold, 
methyl  alcohol  : 

01582  gave  273  cc.  moist  nitrogen  at  15°  and  764  mm.    N  «  2033. 
CjiHi^ON,  requires  N  -  2010  per  cent. 

Preparation  of  the  Acid,  C,Hij«CO,lL 

When  the  aldehyde  is  exposed  to  the  air,  it  is  very  quickly  oxidised 
to  the  acid,  CgHj^-CX),!!,  the  same  product  being  obUined  when  the 
oxidation  of  the  aldehyde  is  effected  either  with  boiling  dilute  nitric 
acid  or  with  dilute  aqueous  potassium  permanganate.  After  purifica- 
tion by  conversion  into  the  sodium  salt,  precipitation  with  dilute 
sulphuric  add,  and  crystallisation  from  dilute  alcohol,  the  acid  forms 
colourless,  lustrous  leaflets  or  flat  prisms  melting  at  117°;  it  is 
very  sparingly  soluble  in  water,  but  very  easily  so  in  alcohol  or  ether, 
and  it  volatilises  slowly  in  a  current  of  steam.  The  add  iB  a  eatoraied 
compound,  because  it  does  not  decolorise  permanganate  and  does  not 
combine  additively  with  bromine.  It  is,  however,  attacked  by  bromine 
with  the  evolution  of  hy4|pgen  bromide  and  formation  of  a  substitu- 
tion product : 

0-2000  gave  0  5232  CX),  and  01790  H,0.     C  -  7134 ;  H  -  994. 

0-2000    „     0-5230  CO,    „    01730  H,0.     C-71-31 ;  H-9-61. 
C,oH„0,  requires  C  -  71  42  ;   H  -  9  52  per  cent. 
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The  lead  salt  is  precipitated  as  a  white  powder,  soluble  in  boiling 
water.  The  silver  salt,  Cj^Hj^'COgAg,  is  also  deposited  as  a  white  pre- 
cipitate, very  sparingly  soluble  in  boiling  water,  from  which  it  separates 
on  cooling  in  small,  colourless  needles  : 

0-2840  gave  O'llU  silver.     Ag  =  39  22. 

CjoHj^OgAg  requires  Ag  =  39*13  per  cent. 

Separation  of  tJie  Ketone y  CgHj^ICO. 

The  ethereal  solution  of  the  oily  oxidation  product,  from  which  the 
aldehyde  had  been  removed  by  means  of  sodium  hydrogen  sulphite, 
was  washed  successively  with  aqueous  sodium  carbonate  and  water, 
and  then  dried  with  anhydrous  calcium  chloride.  The  solvent  was 
then  distilled  off  and  the  residual  oil  fractionally  distilled  under 
diminished  pressure  (90  mm.)  in  an  atmosphere  of  dry  carbon  dioxide. 
After  repeated  distillations,  it  was  finally  separated  into  a  large  fraction 
boiling  at  131  — 133°  and  a  much  smaller  fraction  boiling  at  145 — 150°. 
The  latter,  which  solidified  on  cooling,  consisted  mainly  of  the 
chlorinated  compound.  The  large  fraction,  which  consisted  of  the 
ketone,  was  warmed  on  a  water-bath  with  moist  silver  oxide  in  order 
to  remove  the  last  traces  of  aldehyde,  and  then  extracted  with  ether, 
washed,  dried,  freed  from  ether,  and  finally  purified  by  distillation 
under  atmospheric  pressure. 

The  ketone,  CqHj^ICO,  is  an  almost  colourless  oily  liquid  with  a 
pleasant  aromatic  odour.  It  is  insoluble  in  water,  but  very  readily 
soluble  in  the  usual  organic  solvents.  It  boils  at  206 — 207°  (774  mm.). 
Its  specific  gravity  at  20°  is  0*9678,  and  its  refractive  index  1*477, 
and  hence  the  molecular  refraction  is  43*8.  The  calculated  molecular 
refraction  for  an  unsaturated  ketone  having  the  formula  Cj^Hj^O  with 
one  double  linking  is  43*7.  The  ketone  at  once  decolorises  per- 
manganate and  combines  additively  with  1  mol.  of  bromine.  These 
results  leave  no  doubt  that  it  is  an  unsaturated  compound  containing 
one  double  linking : 

01962  gave  0*5726  COg  and  01 758  H.p.     C  =  79*59;  H-9-96. 
01410     „     0*4124  COj    „    0*1276  HjO.     0-79*77 ;  H-1005.* 
CioHj^O  requires  C  =  8000 ;  H  =  9*33  per  cent. 

With  hydroxy lamine,  the  ketone  gives  an  oily  oxt'uM.  The  aemi- 
carfta«<m«,C9Hi^:C:N'C0*NH»NHj,  crystallises  from  methyl  alcohol  in 
minute,  colourless  needles,  which  begin  to  soften  at  about  210°  and  melt 
with  decomposition  at  226—228°.  It  is  fairly  easily  soluble  in  hot, 
but  sparingly  so  in  cold  methyl  alcohol : 

*  The  difficulty  of  obUining  the  ketone  in  a  ttate  of  purity  leaves  these  results 
open  to  revision. 
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0*1804  g»ir«  SI '7  co.  moiit  nitrogtD  at  \y  and  760  mm.    N  •  30*52. 
OjiHjfON,  require  N-S0*S9  ptr  c«nt 

TIm  (Mmrinai§d  oxidation  product  of  pi  none,  which  wm  ttparaUd 
from  tb«  keiooa  by  frmctioDal  distilUtioD  uDder  dimininhed  prMtart, 
was  not  obtained  in  soiBcient  quantitj  to  admit  of  purification  for 
itnaljiia  and  examination.  It  is  a  crystalline  solid  which  decompom 
when  heated  under  atmospheric  pressure,  but  can  be  distilled  under 
diminished  pressure.  It  boils  at  about  145 — 150**  (90  mm.)  and  is 
▼ery  readily  soluble  in  alcohol  or  ether. 

We  are  engaged  in  the  fuller  examination  of  the  oxidation  products 
of  pioene  described  in  the  present  paper,  and  also  in  studying  the 
action  of  chromyl  chloride  on  other  terpenes.  To  begin  with,  we 
hare  eelected  limonene  and  syWestrene  as  representatiyes  of  different 
gronps  of  terpenes,  and  have  found  that  these  hydrocarbons  also 
form  solid  additive  products  with  chromyl  chloride,  which  yield 
mixtures  of  aldehydes  and  ketones  when  decomposed  with  water. 

We  take  this  opportunity  of  expressing  our  thanks  to  Miss  Ruth 
Pirret,  B.Sc.,  for  assistance  in  the  earlier  6tage  of  this  work,  and  to 
the  Committee  of  the  Carnegie  Trust  for  a  grant  which  defrayed  the 

The  Glasgow  axd  Wan*  or  Sootlahd  Tbcbnical  Collbob. 


CTSAW .—Studies  on  Enzyme  Action.     1.   The  Corrtla- 
tion  of  the  Stereoisonxeric  a-  and  ff-Glucosides  with 
the  corresponding  Glucoses. 
By  E.  Fbanklavd  ABHSxaoNo  (Salters*  Company's  Research  Fellow). 

Of  the  explanations  put  forward  of  the  change  in  rotatory  power 
which  glucose  undergoes  in  solution— a  phenomenon  discovered  by 
Dubrunfant  in  1846— the  most  probable  is  that  suggested  by  Lowry 
(Trans.,  1899,  75,  213),  which  oonnecU  the  change  of  roUtory  power 
of  glucose  with  a  reversible  isomeric  change.  When  this  ezptanaiion 
was  first  given,  it  was  not  possible  to  decide  definitely  what  formolm 
were  to  be  assigned  to  the  dynamic  isomerides.  In  view,  however,  of 
observations  made  during  the  investtgation  of  varioiis  glneoside 
derivaUves  (Fischer  and  Armstrong.  Bsr..  1901,  34,  2885 ;  1902.  36, 
833,  3144  and  3153),  in  the  course  of  which  the  existence  of  two  un- 
doubtedly stereoisomeric  series  of  glucose  derivatives  was  discovered 
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and  their  relationship  to  the  a-  and  /^-methylglucosides  established,  it 
now  seems  probable  that  a  lactonic  structure  may  be  assigned  to  the 
isomeric  glucoses  :  these  isomerides  are,  in  fact,  the  two  possible 
stereoisomeric  lactones.  From  this  point  of  view,  the  labile  forms 
of  glucose  of  high  and  low  rotatory  powers  isolated  by  Tanret 
(Compt.  rend.,  1895,  120,  1060),  and  called  by  him  a-  and  y-glucose, 
are  the  parent  substances  of  the  a-  and  /3-glucosides  whereas, 
as  already  pointed  out  by  Lowry,  his  stable  ^-form  of  glucose  is 
a  mixture  of  the  a-  and  y-isomerides  in  the  proportion  in  which 
they  are  in  equilibrium.  Assuming  this  to  be  the  case,  the  changes 
taking  place  in  glucose — which  occur  slowly  in  simple  aqueous 
solution  but  instantaneously  in  the  presence  of  a  small  quantity 
of  alkali — involve  the  passage  from  one  or  other  form  of  the  lactone 
into  a  mixture  of  both. 

Lactonic  structure  of  glycosides. — The  following  arguments  may 
be  adduced  in  support  of  the  view  that  the  a-  and  ^S-glucosides  are 
y-lactones  and  that  the  isomerism  is  stereochemical. 

(1)  They  do  not  combine  with  phenylhydrazine  and  therefore 
cannot  contain  an  aldehyde  group  (E.  Fischer,  Ber.,  1893,  26,  2400). 

(2)  Even  assuming  that  in  the  initial  stage  of  the  alkylation  of 
glucose  the  latter  is  present  in  the  aldehydic  form,  the  separation  of 
water  at  a  subsequent  stage  necessarily  involves  the  participation 
of  a  hydroxy  1  group  attached  to  a  carbon  atom  other  than  the 
terminal  atom  ;  in  other  words,  it  leads  to  the  formation  of  a  compound 
of  lactonic  structure  (E.  Fischer,  loc.  cit.). 

^?*^  ^?<0h''^       ,    HO)      0((CH.0H), 

(CH-OH),   +   CH^-OH    -       (CH-OH)^       ^    "*y         NjJH 

CHj-OH  CHj-OH  CH-OH 

CHjOH 

(3)  To  judge  from  the  non-formation  of  glucosidic  derivatives  from 
compounds  such  as  benzoylcarbinol  and  benzoin — which  contain  the 
group  CO*CH*OH — an  a-IactoDio  or  ethylene  oxide  structure  is 
practically  excluded  (E.  Fischer,  loc.  cit.). 

(4)  On  the  other  band,  the  evidence  accumulated  by  Fittig  and 
others  brings  into  prominence  the  tendency  of  hydroxy-acids  to  form 
ylactones  wherever  possible.  Gluconic  and  similar  acids  have  there- 
fore  been  generally  regarded  as  y-lactones  and  the  argument  may 
fairly  be  extended  to  glucosides.  The  view  put  forward  by  Tollens 
(B0r»t  1883,  Id,  921)  that  sugars  in  solution  have  a  lactonic  structure 
was  based  on  this  argument. 

(6)  W.  H.  Perkin,  sen.  (Trans.,  1902,  81,  177),  in  the  course  of 
bis  inyestigations  on  the  magnetic  rotatory  power  of  the  sugars,  has 
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Khown  that  glucoM,  galaotoM  and  the  diiuu«harid«i  maltoM  aod 
laetOM  exhibit  a  roUtory  power  in  •greeme nt  with  that  oalealated  on 
the  awmnptioo  that  thej  poeaeea  a  laotonio  etruetura. 

(6)  InatBiieh  at  the  paan^  from  f Inooaa  to  the  floecMide  inToWea 
the  prodtMiion  of  a  fifth  aeymmetrio  carbon  atom,  the  eziateoee  of 
tiefoeh—iieal  iaomeridee  may  be  anttdpated. 

(7)  flirAoetylchloroglaooee  and  similar  oomponnde  are  Terj  eadlj 
ooBTerted  into  the  /S-modifioations  and  vie$  vtnd :  judging  from  the 
readinees  with  which  this  reversible  change  takes  plaoe^  it  is  highly 
probable  that  the  relationship  is  stereochemical  (FltelMr  ^tH 
Armstrong,  Ber.,  1901.  34,  2885). 


Cimvtnion  of  the  Glucondkt  into  the  eorruponding  Gluoomw. 

Assuming  that  Tanret's  a-  and  yglncoses  represent  the  two  possible 
stereoisomeridee,  it  is  only  necessary,  in  order  to  determine  their 
relationship  to  the  a-  and  /3-g1acosides,  to  convert  the  latter  into  the 
fonnor  by  some  method  which  does  not  involve  the  occurrence  of 
iflooierie  change.  Eosymes  appeared  to  be  the  most  likely  agents  to 
effect  the  desired  changes  without  giving  rise  to  secondary  inter- 
actions  ;  it  is  from  this  point  of  view  that  I  have  studied  the  action 
of  emuUin,  maltase,  and  invertase  on  a  series  of  glaoosides. 

The  a*  and  /8-alkylglacosides  differ  considerably  in  optical  rotatory 
power,  tha9 : 

a*methylgIucoside  -  +  157*5^  /9methylglucoside  -•  -  S3^ 

c^ethylglucoside    -+150*6°  /?-ethylglucoside    --30° 

It  is  to  be  supposed  that  the  same  order  of  difference  will  be  met 
with  in  the  case  of  the  glucoses.  Obviously,  Tanret's  observations  are 
in  accord  with  this  assumption  and  favour  the  view  that  a-  and 
y-glucoses  are  to  be  correlated  with  the  a-  and  /9-glncosides.  Inasmoch 
as  both  forms  are  unstable  in  solution,  the  rotatory  power  of  the 
glucose  formed  from  a  glucoeide  should  change,  falling  considerably  in 
the  case  of  the  a-gluoose  and  rising  in  that  of  the  /9«iodification ; 
as  alkali  brings  about  such  a  change  at  once,  a  sudden  fiall  in  the 
rotation  on  the  addition  of  a  trace  of  alkali  would  denote  the  pre- 
sence of  the  a-compound,  whereas  a  sodden  rise  would  indicate  the  fi" 
compound. 

The  experiments  mado<  have  in  every  case  confirmed  these  views. 
Thus,  in  the  case  of  the  hydrolysis  of  ormethylglocoside  by  means  of 
maltase,  the  marked  fall  in  the  roUtcry  power,  which  was  obeerved 
on  adding  ammonia,  not  only  proves  the  formation  of  a-glocoee  bat 
also  affords  proof  that  the  ordinary  erysUlline  glucose  of  high  rota- 
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torj  power  is  a-glucose,  and  should  accordingly  be  correlated  with  the 
a-glucosides. 

In  the  case  of  experiments  with  ^-methylglucoside  and  emulsin,  a 
fall  in  rotatory  power  was  observed  on  the  addition  of  alkali ;  this 
observation  shows  that  y3-glucose  is  the  immediate  product  of  hydro- 
lysis and  makes  it  possible  to  correlate  Tanret's  solid  y-glucose  with 
the  /3-glucosides. 

The  nature  of  the  sugar  first  formed  on  hydrolysing  some  di-  and 
tri-saccharides  has  been  investigated  in  a  similar  manner. 

When  maltose — which  has  long  been  recognised  as  an  a-glucoside — 
is  hydrolysed  with  maltase,  a  glucose  is  formed  the  rotatory  power  of 
which  diminishes  on  the  addition  of  ammonia ;  this  again  is  a  proof 
that  the  initial  product  of  hydrolysis  of  a-glucosides  is  a-glucose. 

When,  in  like  manner,  cane  sugar — also  an  a-glucoside — is  hydro- 
lysed with  invertase,  a  mixture  of  glucose  and  Itevulose  is  formed. 
The  addition  of  ammonia  to  such  solutions  causes  a  marked  diminu- 
tion in  the  rotatory  power,  mainly  due,  no  doubt,  to  the  conversion  of 
the  a-glucose  initially  formed  into  the  mixture  of  constant  rotatory 
power.  Moreover,  the  change  in  the  Isevulose  initially  formed 
undoubtedly  affects  the  rotatory  power,  but  judging  from  the  very 
small  change  in  rotatory  power  which  takes  place  in  freshly  prepared 
Isevulose  solutions,  the  magnitude  of  the  change  is  relatively  small. 
This  observation  confirms  that  previously  made  by  O'Sullivan  and 
Thompson  (Trans.,  1890,57,  920). 

Lastly,  when  the  trisaccharide,  raffinose  (derived  from  galactose, 
glucose  and  Isevulose),  is  hydrolysed  by  invertase,  a  mixture  of  Isevu- 
lose with  the  disaccharide  melibiose  is  formed,  which  diminishes  in 
rotatory  power  on  the  addition  of  ammonia.  This  result  is  evidence 
that  melibiose  is  an  a-sugar ;  it  may  be  mentioned  that  this  is  the 
first  occasion  on  which  the  mutarotation  of  melibiose  has  been 
recorded. 

In  studying  the  action  of  diastase  on  cold  starch  paste,  Brown  and 
Morris  (Trans.,  1895,  67,  309)  noticed  that  a  rise  in  rotatory  power 
look  place  on  adding  alkali,  showing  that  the  maltose  produced  was 
in  the  )3-form.  This  conclusion  involves  the  assumption  that  in  the 
case  of  maltose,  indeed  of  the  sugars  generally,  the  modification 
of  low  rotatory  power  is  the  /3-form.  The  rotatory  power  of  tbe  only 
known  maltoside,  )8-methylmaltoside  ([ajo  —  +  70°  approximately),  is 
such  as  to  support  this  supposition  (Fischer  and  Armstrong,  Ber,, 
1901,  34,  2896  ;  Konigs  and  Knorr,  itnd.,  3443).  The  ordinary  solid 
form  of  maltose  ([a Jo  +  118°  initially,  changing  to  [ajp  +  138°) 
must,  from  the  same  point  of  view,  be  regarded  as  the  /9-form ;  under 
normal  conditions  maltose  separates  from  solution  in  this  modi- 
fication. 
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Oihar  glaootidas  and  polysaooharidM  art  btiog  UtUd  In  tb«  tmm» 
direction ;  Um  fmoIU  obUined  are  alreadj  raflkient  to  tbow  that 
glnoondet  and  poljiaooharides  on  hjdroljtis  form  lugan  of  eorfttpoiid- 
ing  tlmoliire  and  that  the  sagan  which  exhibit  the  phenoMiSOO  of 
mutarotation  have  a  lactonic  structure. 

'  Nahtf  ^  tk$  Isomtrie  Changu^  a'z:zfi-Olwoo9u. 

On  the  assamption  that  the  glucoses  are  lactonef,  the  isomerism 
maj  obviously  arise  in  two  ways :  either  it  maj  be  conditioned  by  the 
different  relati^  position  of  the  hydrogen  atom  and  the  hydroxyl 
group  attached  to  the  carbon  atom  which  is  in  association  with  the 
lactonic  oxygen,  or  it  may  arise  from  a  difference  in  the  position  of 
the  hydrogen  atom  relatively  to  the  lactonic  oxygen  atom.  The 
manner  in  which  the  change  may  be  assumed  to  take  place  it 
represented  by  the  following  formulae  : 

(•hH,0)         k'^y^  (-H,0) 


OH       ,x^  o 


n<*;." 


^." 


Apparently,  the  possibility  of  the  latter  form  of  isomerism  has  not 
hitherto  been  considered,  although  the  behaviour  of  aeetylehloro- 
glucoee  is  such  as  almost  as  to  place  the  existence  of  this  relationship 
beyond  doubt. 

When  a-acetylchlorogluooee,  [ajo  + 193^,  dissolved  in  dry  chloroform, 
is  placed  in  contact  with  sodium  hydroxide  and  a  trace  of  water,  it  is 
to  a  large  extent  converted,  in  the  coarse  of  a  few  weeks,  into  what 
must  undoubtedly  be  regarded  as  the  sterotsomeric  ^-compound, 
[a]o  +165<'  (Fischer  and  Armstrong,  .8«r.,  1901  34,  2885).  In  this 
case,  a  change  from  the  Isotonic  to  the  enolic  type  would  involve  the 
elimination  and  subsequent  addition  of  hydrogen  chloride,  a  migration 
which  is  inconceivable  under  such  conditions.  Isomerism  must,  there- 
fore, be  regarded  as  being  conditioned  by  the  interchange  in  position 
of  the  lactonic  oxygen  and  hydrogen  groups,  somewhat  in  the  following 
manner : 

VOL.   LXXXIII.  4  T 
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Vks 


r^ 


CI 


O  0-H 


A  similar  expIaDation  may  be  given  of  the  partial  coDversion  of 
)3-pentacetylglucose  into  the  a-derivatives  under  the  influence  of  zinc 
chloride  (Erwig  and  Kbnigs,  Ber.,  1889,  22,  1464,  2207)  and  of 
a-  into  /?-methylglucosides  and  vice  versd  {Ber.,  1895,  28,  1146).  In 
the  latter  case  Fischer  has  assumed  that  an  intermediate  compound  of 
the  acetal  type  is  produced  and  that  the  lactone  ring  is  opened  : 

QCH,  HC<^^^»  CH.O^H 

(HC-OH)j  '  (H^OH§>0 


t 


HC-OH  -^  H( 

JH-OH  CH-OH 


Jungius  {Proc.  K.  Ahad.  Wetensch.  Amsterdam,  1903,  6,  99),  who 
has  recently  determined  the  velocity  with  which  the  change  takes  place, 
however,  considers  it  very  improbable  that  an  acetal  is  formed  as  an 
intermediate  product ;  he  concludes  that  the  two  glucosides  are  directly 
converted  into  each  other.  This  conclusion  is  in  harmony  with  that 
deduced  above  in  so  far  as  it  concerns  the  disruption  of  the  lactone 
ring. 

It  should  be  pointed  out  in  the  case  of  glucose  that,  besides  the 
above-mentioned  changes  occurring  in  the  relative  positions  of  the 
groups  attached  to  the  terminal  carbon  atom,  another  series  of  changes 
may  take  place  involving  enolisation  and  an  interchange  in  the  relative 
positions  of  the  groups  attached  to  the  terminal  and  penultimate  carbon 
atoms.  The  conversion  of  glucose  into  mannose  and  fructose  probably 
involves  changes  of  this  order. 

The  view  here  established,  namely,  that  glucose  in  solution  is  a 
mixture  of  two  stereoisomerio  lactones,  affords  a  very  simple  explana- 
tion of  several  experimental  facts  observed  in  the  sugar  group. 

Thus  it  is  probable  that  the  formation  of  two  isomeric  nitriles  in 
unequal  quantities  when  glucose,  dissolved  in  water,  combines  with 
hydrogen  cyanide  merely  involves  the  direct  addition  of  hydrogen 
cyanide  to  the  lactone  ring  of  both  modifications  as  shown  below  ; 
it  is  not  neoeasary  to  assume  that  the  hydrogen  cyanide  combines 
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MUoiiT«lj«  M  moat  be  the  cMe  if  it  be  euppoeed  to  eonbiiM  with  an 
aldehjde  group : 

ncoH 

HCN     .     ("9-OH)., 

CHon 

CH,OH 

no-CH 

HCN     =        ("90H), 
HCOH 
CH-OII 
CU,-OH 

As  the  action  of  enzjmes  on  a-  and  ^  methjiglaoosides  is  selectiTe, 
it  is  to  be  supposed  that  differences  will  be  met  with  in  the  physio- 
logical behaviour  of  the  a-  and  /^-modifications  of  sugars  :  thus  it  is 
ooDoeivable  that  the  one  form  of  glucose  would  be  fermented  at  least 
more  easilj  than  the  other;  it  is  proposed  to  test  this  view  ezperi  men  tallj. 
Brown  (British  Association  Report,  Dover,  1899,  p.  703)  has  already 
SQggetted  that  maltose  in  the  form  in  which  it  is  initially  present 
when  produced  from  starch  may  be  fermented  at  a  different  rate  than 
the  optically  stable  form. 

EXPIRIMBNTAL. 

The  solution  of  the  enzyme  having  been  prepared  by  extracting  the 
dried  enzyme  with  water  and  filtering  several  times,  was  mixed  with  a 
solution  of  the  glucosides,  and  kept  at  a  constant  temperatore.  At 
stated  intervals,  about  7  c.c.  were  withdrawn  by  means  of  a  pipette, 
rapidly  filtered  and  examined  in  the  polarimeter.  In  the  case  of 
invertaee  and  similar  rapidly  acting  enzymes,  it  waa  neeeesary  to  stop 
the  hydrolysis  before  putting  the  solution  in  the  polarimeter  tube : 
this  was  effected  by  adding  a  drop  of  salicylaldebyde.  After  noting 
the  angle  of  rotation,  a  drop  of  dilute  ammonia  was  introduced  into 
the  solution  and  a  new  reading  taken.  Control  experiments  were 
made  to  ascertain  the  effect  of  minute  quantities  of  salicylaldebyde  or 
ammonia  on  the  specific  vtatory  power  of  sugar  solutions.  Salicyl- 
aldebyde has  no  effect ;  ammonia,  however,  causes  a  slight  diminu- 
tion in  the  rotatory  power  of  the  reducing  sugars,  although  it  has  no 
action  on  the  glucoeidea 

Thus  the  rotatory  power  of  a  10  per  cent,  glucose  solution  in  a 

4  T  2 
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1-dcm.  tube  fell  from  +4*38°  to  4-32"  on  adding  a  drop  of  ammonia. 
In  these  experiments,  however,  as  the  quantity  of  reducing  sugar 
present  is  always  very  small,  the  ammonia  causes  at  the  most  a 
diminution  of  2'  or  3'  in  the  rotatory  power. 

p-  Methylglucoaide  and  Eviulain. 
Concentration  of  glucoside  »  54  per  cent.     Temperature  =  37°. 


rime. 

Rotatory  power. 

Initial. 

Alkali  added. 

Difference. 

0 

-  1°40' 

-  1°40' 

rise    0 

1*25  hours 

- 1°34' 

-  1°20' 

.,  u' 

2-75     „ 

- 1°26' 

-1°16' 

„    10' 

5          „ 

-1°17' 

- 1°10' 

„      T 

23 

-  0°44' 

-^0°44' 

„      0' 

Concentration  of  glucoside  =10  per  cent.     Temperature  =  37^ 


me. 

Rotatory  power. 

Initial. 

Alkali  added. 

Difference. 

0        hour 

-  2"30' 

-2°30' 

0-25     „ 

-  2°23' 

-2°9' 

rise  14' 

0-5       „ 

-  2°18' 

-2°6' 

,,     12' 

10       ., 

-2°10' 

-2°0' 

.,     10' 

The  change  in  rotatory  power  on  the  addition  of  alkali  is  very 
clearly  expressed  in  the  following  curve. 


I 


no' 


-  1-20 


"Vzo 


-r4o 


TitM  in  Apwr*. 
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OMOMtraUon  of  gluoodde  - 10  ptr  omL    Tmnptniun  -  27^. 
'^■^  Bototoiy  powr. 

InitUl.  Alkali  aiM«l.        OiffcMi^ 

0  hour  +16»6'  +15**6' 

•     0  5      ^  +150  +U<'4l'  falllO' 

1  M  +14°50'  +14^16'  „    34' 
2hoar«              +14°36'            +13^40'  „    56' 

liaUom  and  MaUam, 

Cuucciu ration  of  disaccharide  «  10  per  cent.     Temperature  -  2V, 
Time.  Rotatory  power. 

InitUl.  Alkaliaddad.      Difforraeo.^ 

0  hour  +11°38'  +1P33'  fall    5' 
0-5      „              +11^14'            +10°52'  „    22' 

1  M  +11°0'  +10^24'  ,.    36' 
8  hours             + 10°33'            +  10*»r               „    32* 

Cam$  Sugmt  and  Invtrkm. 

CoDcentratioD  of  disaccharide  «  10  per  cent.     Temperature  »  17^. 


ime. 

Rotatory  power. 

Initial. 

AlkaU  added. 

DUTenaoa. 

0       hour 

+  5°12' 

+  5^12' 

0-5      „ 

+  4°32' 

f3«59' 

fall  33' 

1 

+  3°48' 

+  3°1' 

»    47' 

S      hours 

+  2*^1' 

+  1^0' 

„    41' 

»                 M 

+  0^30' 

-0°4' 

,.    34' 

475    „ 

-1°9' 

-i^r 

..    18' 

Raffinoie  and  Inveria»e. 
Ck>iioeotration  of  trisaccharide » 5  per  cent.    Temperature— 17®. 


ima. 

Rotatory  power. 

Initial. 

Alkali  added. 

Difference. 

0-5  hour 

+  5^3' 

+  4''4r 

faUSC 

10      „ 

+  4^50' 

+  4^18' 

„    38- 

2-5  hours 

^1^48' 

+  8«20' 

„    33' 

Chemical  Dbpaktmi5t, 

Cmr  Axo  GuiLM  or  Londox  iKarrnrrB, 
Cbhtral  Tbcbxical  Collbob. 
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CXXV. — Studies  of  Dynamic  Isomerism.    I,    The  Muta- 
rotation  of  Glucose. 

By  T.  Martin  Lowey,  D.Sc. 

The  gradual  change  in  the  rotatory  power  of  freshly  prepared  aqueaus 
solutions  of  glucose,  observed  by  Dubrunfant  in  1846,  was  at  first 
regarded  as  being  due  to  purely  physical  causes.  The  chemical 
character  of  the  phenomenon  was  not  recognised  until  Emil  Fischer, 
in  1890,  discovered  that  similar  changes  of  rotatory  power  were 
produced  by  the  partial  hydrolysis,  in  aqueous  solution,  of  optically 
active  lactones  and  suggested  that  the  mutarotatiou  of  glucose  might 
be  due  to  the  conversion  of  the  sugar  by  combination  with  water  into 
a  heptahydric  alcohol  of  lower  rotatory  power  : 

CeHjoOe   +   H^O         ^         CeHj^O, 

gluconolactono.  gluconic  acid. 

glucose.  glucose  hydrate. 

This  theory  explained  all  that  was  known  of  the  mutarotatory 
sugars  until  Tanret,  in  1896,  showed  that  it  was  possible  to  isolate, 
not  only  ordinary  a-glucose,  [ajp  +105°,  and  the  ^-glucose,  [a]o 
4-52'5°,  into  which  it  passes  in  solution,  but  also  a  y-glucose  of 
low  rotatory  power,  [a]o  +22°,  which  was  also  convertible  into 
/8-glucose;  y-glucose  proved  to  be  isomeric  with  a-glucose,  not  the 
hydrate  which  Fischer's  theory  indicated. 

Three  years  later,  nitrocamphor  was  observed  to  undergo  changes  of 
rotatory  power  which  were  undoubtedly  due  to  reversible  isomeric 
change ;  it  then  became  clear  that  mutarotation  was  a  normal  accom- 
paniment of  dynamic  isomerism  in  optically  active  substances,  although 
similar  effects  might  be  produced  by  reversible  polymeric  change  or  by 
association  with  the  solvent.  The  application  to  the  case  of  glucose 
was  obvious:  Tanret's  a-  and  y-glucose  were  dynamic  isomerides; 
his  /S-glucose  was  not  a  third  isomeride,  as  he  had  supposed,  but  a 
mixture  in  equilibrium  of  the  a-  and  y-forms. 

At  that  time,  it  was  not  possible  to  assign  definite  formulas  to  the 
isodynamic  glucoses  ;  in  addition  to  the  aldehydic  formula,  two  oxide 
formulie,  II  and  III,  had  been  proposed,  each  representing  two  stereo- 
isomerides,  and  an  enolio  modification,  IV,  was  not  impossible ;  any 
two  of  these  possible  compounds  might  exhibit  dynamic  isomeriso) 
apd  give  rise  to  mutarotation  : 


1        IIIK  UUTAROTATION  or  ai.UCOBE.  IHIS 

III.  1\. 

CHOH  CHOH 

^^noH  8.0H 

\(^Mron  CH-OH 

911  9H'0H 

CllOU  9HOH 

;h,-oh  ch,-oh  cHjOii 

For  purely  ohamioal  rMtoos,  the  etbjlene  oxide  formula  for  gliioo»« 
has  been  generally  abandoned ;  the  enolio  form,  as  will  be  sbowu 
later,  can  searoely  be  present  except  in  minute  quantities ;  it  is 
therefore  probable  that  the  main  constituents  have  an  aldehydio  or  a 
y4>xide  structure :  indeed  this  view  has  been  held  by  lappmann,  Tanret 
and  othars.  Quite  recently,  Simon  (Compt.  rend.,  1901, 132;  487—490) 
has  tnggestod  that  a-  and  y-glucosesare  the  lower  homologues  of  a-  and 
/Jmethylglucopides  respectively,  and  supports  this  view  by  referring  to 
the  specific  rotatory  power  of  the  four  substaoces  : 

a-Meihylgluooside +157''  aOluoose +105'' 

jS-Hethylgluooside -   32  yOlucose 4-   *i3 

Mean     +  63*6''  -f  ^Z^ 

This  theory  accords  with  the  fact  that  a-  and  y-gluooses  can  both 
be  crystallised  from  solution,  a  property  specially  characteristic  of 
sugar  derivatiTes  containing  a  yoxide  ring,  and  is,^moreoFer,  much 
more  probable  than  the  altematiTe  yiew  that  the  aldehyde  is  in 
equilibrium  with  only  one  of  the  stereotsomeric  y-oxides.  A  direct 
proof  of  the  glucoeidic  structure  of  a-  and  y-gluooses  was,  how- 
ever,  wanting;  this  is  now  afforded  by  the  experiments  which 
Dr.  E.  F.  Armstrong  describes  in  the  preceding  paper.  The  actual 
production  from  ^methyl glucoside  of  a  gluooee  of  low  initial 
rotatory  power,  whilst  the  a-gluooddes  yield  a  sugar  of  high  rotatory 
power,  affords  very  strong  evideooe  in  favour  of  the  y-oxide  formula 
which  had  been  provisionally  assigned  to  a-  and  y-glu  coses. 

Simon,  like  Lippmann  (Ber.,  1896,  29,  203)  and  Tanret  {BhIL  Soc. 
Ckim.,  1896,  iii,  16,  195),  regards  /Sgluoose  as  a  third  isomeride, 
ascribing  the  mutarotation  of  a-  and  y-gluooses  to  their  (complete) 
conversion  into  the  isomeric  aldehyde.  Such  a  view  is  directly 
opposed  to  the  theory  of  dynamic  isomerism,  which  postulates  a 
reversible  isomeric  change  in  which  both  isoroerides  are  converted  into 
a  mixture  in  equilibrium  of  the  two  forms ;  it  is,  moteoirer,  not  in 
agreement  with  the  experimental  data,  for  if  the  change  into  the 
aldehyde  were  complete  it  would  be  impossible  by  mere  crystal- 
lisation to  reconvert  this  into  the  a-glucoee  which  normally  separates 
from  the  solution. 
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But  whilst  the  mutarotation  of  the  glucoses  must  be  regarded  as 
being  mainly  due  to  the  establishment  of  equilibrium  between  the 
stereoisomeric  y-oxides,  it  is  not  improbable  that  the  aldehyde 
may  also  be  present  in  the  mixture,  either  in  the  free  state  or 
as  a  hydrate.  This  conclusion  is  based  on  the  view  that  it  is 
impossible  to  interchange  directly  the  points  of  attachment  of  the 
H  and  OH  radicles ;  the  simplest  mechanism  by  which  this  can  be 
brought  about  is  that  which  involves  the  breaking  of  the  y-oxide  ring 
and  the  formation  of  the  aldehyde  or  its  hydrate  as  an  intermediate 
product : 

HC-OH  <,^H(0H)2  HO-^H 

X  (jJH-OH  CH-OH  /(jJH-OH 

H,0   +    \^^'01I  ^       (}h-OH  jj  (^  4-  \9^-^^ 

*              ^CH  <—       CH-OH  <-          ^            ^H 

CH-OH                    (|)H-OH  CH-OH 

CHg-OH                   CHg-OH  CHj-OH 

If  this  view  be  correct  the  conversion  of  a-  into  y-glucose  involves  a 
two-fold  change,  and  can  only  proceed  rapidly  if  the  aldehyde  be 
formed  with  considerable  velocity  and  be  present  in  appreciable 
quantity  in  the  solution. 

A  similar  argument  may  be  used  to  show  that  only  traces  of  the 
enolic  form  are  present.  Glucose,  fructose  and  mannose  have  a 
common  enolic  form : 


CHO 

CH-OH 

^H-OH 

CH-OH 

9-OH 

(jJH-OH           __ 

(jJHj-OH 
VO 
^          CH-OH 

CH-OH 
CH-OH 
CH2-OH 

<— 

(jJH-OH           ^ 

CH-OH 

CHj-OH 

1 

0-0-0- 

ft  ft  ft 

'sis 

Glucose. 
Manuose. 

Enolic  form. 

Fructoae. 

and,  as  Lobry  de  Bruyn  has  shown  (Bee.  irav,  chim.,  1895,  14,  201), 
are  convertible  into  one  another  in  alkaline  solution.  But  whilst  a- 
and  y-glucose  reach  a  condition  of  equilibrium  in  a  few  hours  when 
merely  dissolved  in  water  or  instantaneously  in  the  presence  of  a  mere 
trace  of  alkali,  mannose,  glucose  and  fructose  are  changed  only  slowly 
and  incompletely  in  the  presence  of  large  amounts  of  the  catalyst.  This 
excessively  slow  conversion  indicates  clearly  that  the  enolic  form  can  be 
produced  only  at  a  very  slow  rate  and  in  the  most  minute  proportions. 
The  mut&rotation  of  nitrocamphor  in  neutral  solvents  having  been 
found  to  depend  on  the  presence  of  traces  of  some  third  substance 
(Trans.,    1899,   75,    219),  it  was  of  interest  to   find   whether  the 


I.     THB  MUTAROTATION  OF  QLU006B.  1817 


maluroUlMMi  of  aqueous  •olutiont  of  glueoM  w«r«  ooi  abo 
diikwwi  bj  AMomaUd  imparitiei.  In  Tiew  oT  ibo  gntki  mntUkw- 
MM  of  gloooM  to  alkaline  eaUlyaU  and  the  impoadbUitj  of  preparing 
and  keeping  ''pore"  water  in  glaee  yfttmU,  ibe  preparaikm  of  a 
'* pore"  eolation  of  glnooee  wbiob  thoold  not  exhibit  mnUroUtioik  wae 
not  andeiiaken.  Bat  ae  neatral  ealte  ba?e  little  or  no  influenoe  on 
the  change,  it  was  thought  that  the  mutarotation  might  be  checked  or 
altogeibtr  prevented  bj  neutralising  any  acid  or  baeio  imparitiee 
preeeoi  in  Um  solution. 

Before  attempting  such  a  neutralisation,  it  was  nsossiery  to 
aaoertain  (1)  the  extent  to  which  the  activity  of  acids  and  bases  ooold 
be  destroyed  by  neutralisation ;  (2)  the  amount  of  add  or  baee 
required  to  account  for  the  rate  of  change  normally  observed.  On  the 
former  point,  the  evidence  was  conclusive :  the  rotatory  power  of  a  5 
per  cent  solution  of  glucose  in  normal  potassium  chloride  decreased 
■omewhat  less  rapidly  than  tbat  of  a  simple  aqueous  solution,  the 
change  at  1 1°  being  half  completed  in  1*9  hours  in  the  former  and  in 
1*8  hoars  in  the  latter  case ;  a  decinormal  solution  showed  a  greater 
retardation  bat  this  was  perhape  due  to  some  slight  contamination  of 
the  aqoeoas  aolotion  used  for  eomparieon. 

Qoantitative  experiments  on  the  influence  of  acids,  the  results  of  which 
are  plotted  in  Fig.  1  (p.  1318),  showed  that  whilst  the  change  in  a  5  per 
oent.  solution  of  gluooee  in  AY  10  hydrochloric  acid  was  half  complete 
in  0*27  hour  at  U°,  the  corresponding  period  for  A7^^  hydrochlorio 
aeid  was  0*7  hour,  and  for  a  simple  aqueous  solution,  0*9  hour  at  15*'. 
Oeaka  (ZeU.  physHal.  Chtm,,  1900,  36,  661—706)  has  shown  that  the 
•ffeota  prodaoed  by  aoids  are  proportional  to  the  square  root  of  the 
eoneentration,  eo  that  doubling  the  amount  of  acid  increases  the 
▼elodty  by  about  40  per  oent. ;  as  the  actual  increase  produced  by 
AT/lOO  hydrochloric  acid  was  only  SO  per  oent.,  if  the  matarotation 
were  dependent  on  acid  imparities  theee  matt  be  preeent  to  a  greater 
extent  than  ^/ 100  in  the  5  per  cent,  solution.  This  is  obviously  not 
the  oaee^  inasmuch  as  not  only  is  the  solution  not  appreciably  acid  but 
it  leeponds  readily  to  the  addition  of  quantities  of  alkali  which  would 
be  completely  neutralised  by  much  smaller  proportions  of  add  imparity. 

QoantiUtive  experiments  on  the  infloenoe  of  alkali  broaght  oat  in  a 
very  striking  way  the  extraordinary  sensitiveness  of  glucose  to  these 
agents,  a  fact  to  which  numerous  experimenters  have  oalled  attention. 
Whilst  ^/lOO  hydrochloric  acid  prodaoed  only  a  slight  aoeeleralion, 
the  equivalent  quantity  «f  caustic  potash  brought  about  so  rapid  a 
change  that  equilibrium  had  already  been  attained  when  the  first 
reading  of  the  polarimeter  was  taken  only  four  minutes  after  preparing 
the  solution.  A  soluUon  in  A'/ 1000  caustic  potash  showed  an  equally 
remarkable  acceleration:  the  isomeric  change  at  11^  was  half 
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pleted  at  the  end  of  five  minutes,  and  equilibrium  was  reached  in  little 
more  than  half  an  hour.  A  distinct  acceleration  was  produced  even 
by  ^/ 10000  caustic  potash,  the  action  being  half  completed  in 
0'8  hour,  whilst  a  solution  in  iV^/100000  caustic  potash  and  a 
comparison  solution  in  wat^r  each  required  1*5  hours.  Osaka  has 
shown  that  the  effects  produced  by  alkalis  are  directly  proportional  to 
the  concentration,  a  result  which  is  confirmed  by  the  values  given 
above   for   iV/1000   and   iV^/10000    caustic   potash.    The  velocity  of 


110" 


100' 


90" 


80° 


70' 


60' 


ll 

V 

^ 

\ 

--(>"'^^ 

::^ 

[•]d=  60 

Hums       12  3  4 

Fio.  1. — Influenct  of  acids  on  Vu  miUaroUUion  qfglueo$e, 

isomeric  change  is  doubled  by  the  addition  of  iVyiOOOO  caustic  potash,  ao 
that  if  the  mutarotation  of  the  aqueous  solution  were  due  to  an  alkaline 
impurity  this  need  only  be  present  to  the  extent  of  iVVlOOOO  in  the 
6  per  cent,  solution.  Even  this  small  amount  of  alkali  could  not  be 
derived  from  the  water,  which  had  a  specific  conductivity  of  only 
0*000002  reciprocal  ohms  per  cubic  centimetre  at  18°,  whilst  ^/lOOOO 
caustic  potash  gave  the  value  0*000056.     Tho  glucose  solatioo,  how- 
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•▼•r,  in  spiU  of  an  incrMM  of  lonio  10  ptr  otnl.  in  iU  Waootitj  aa 
compared  with  waitr,  had  a  conduotiTttj  0*000053  at  18®.  This  in 
prohablj  due  in  pari  to  the  feehly  acid  proparUtt  of  tba  tufar  bat 
might  have  been  eaoaed  bj  ateodated  alkali .  Atttrnpla  wvre  tiMrtfore 
made  to  check  the  mutarotation  hj  the  addition  of  actdi :  in  a  oom* 
paratiT*  experiment,  using  5  per  cent,  solutions  of  gloooee  in  (1)  water, 
(S)  iir/10000  hydiochlorio  acid  and  (3)  .V/IOOO  hydrochloric  acid- 


FlO.  2,—  Injlwenc*  of  atkalU  an  tk*  mutari.tnttun  of  at 


the  amounts  of  acid  present  were  toi  smaii  to  produce  soj  specific 
aooeleration,  but  more  than  soiBctent  to  neutralise  all  alkaline  impuri- 
ties— the  numerieal  resulle  were  so  closely  in  agreemeot  that  it  was 
not  possible  to  represent  them  by  separate  cunres.* 

*  At  the  end  of  three  honn,  the  eolations  gsre  identical  taIom  (67*0,  67  0,  and 
66*8),  bat  the  readinge  at  ose  hour  sad  two  hoan  indicated  that  the  sqacooe  sola- 
tion  had  changed  a  trifle  more  rapidly  and  wae  perhaps  five  minatas  ia  sdvaaes  of 
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It  is  therefore  clear  that  the  mutarotation  of  glucose  cannot  be 
checked  by  neutralisation  and  is  not  dependent  on  the  presence  of 
acid  or  basic  impurities  in  the  aqueous  solution.  This  result  was 
somewhat  unexpected  and  indicates  a  behaviour  quite  different  from 
that  of  nitrocamphor  dissolved  in  chloroform.  The  difference  may 
perhaps  be  ascribed  to  the  fact  that  water  is  an  ionising  solvent.  When 
solvents  of  this  class  were  used,  labile  solutions  of  nitrocamphor  were 
never  obtained,  and  indeed  such  solutions  could  scarcely  be  expected  to 
withstand  the  catalytic  action  of  the  strongly  acid  ;?seuc/onitro-com- 
pound.  It  may,  however,  be  pointed  out  that,  apart  from  its  ionising 
properties,  water  is  probably  directly  concerned  in  the  isomeric  change 
of  glucose  since  this  change  appears  to  depend  upon  a  process  of 
reversible  hydrolysis ;  chloroform,  on  the  other  hand,  merely  brings 
the  nitrocamphor  into  the  liquid  state  and  cannot  assist  directly  in 
the  isomeric  change. 

Whilst  the  experiments  now  described  show  that  the  mutarotation 
of  glucose  is  not  due  to  alkaline  or  acid  impurities,  they  give  no  indica- 
tion of  the  probable  behaviour  of  pure  glucose  dissolved  in  pure  water  : 
if  the  solution  could  by  extreme  purification  be  rendered  non-conducting, 
it  is  possible  that  the  mutarotation  would  not  take  place. 

Experimental. 

In  order  to  obtain  comparable  results  at  atmospheric  temperatures, 
the  method  adopted  was  to  observe  the  rate  of  change  of  rotatory 
power  of  a  5  per  cent,  solution  of  glucose  containing  a  known  quantity 
of  acid,  base,  or  salt,  and  to  compare  it  with  that  of  a  simple  aqueous 
solution  prepared  at  the  same  time.  The  change  was  usually  complete 
in  about  8  hours,  and  a  series  of  half  a  dozen  readings  of  each  tube 
was  taken  at  intervals  of  about  an  hour ;  the  solutions  which  changed 
more  rapidly  were  observed  at  shorter  intervals,  and  the  curve  for 
i^71000  caustic  potash  was  plotted  from  observations  made  at  intervals 
of  less  than  a  minute.  As  the  change  of  specific  rotatory  power 
amounts  to  over  50°,  no  difficulty  was  experienced  in  obtaining  smooth 
curves. 

The  glucose  used  was  a  commercial  **  pure  "  sample  from  Kahlbaum  ; 
the  solutions  prepared  from  it  gave  normal  values  for  the  specific 
rotatory  power,  and  no  alteration  was  produced  by  recrystallising 
twice  from  dilute  methyl  alcohol.  As  recrystallisation  produced  no 
retardation  in  the  velocity  of  change,  the  commercial  sample  was  used 
in  all  the  remaining  experiments. 

The  waUr  had  been  purified  (for  conductivity  measurements)  by  a 

tho  acid  solutiona  ;  this  may  be  merely  accidental,  but  might  also  indicate  that  a 
traca  of  alkaline  dirt,  amounting  to  about  JV72OOOOO,  had  been  neutraliaed  and 
the  velocity  of  isomeric  change  thus  slightly  reduced,  in  the  acid  solutions. 
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of  oontinttotis  fraotional  dittilUtioo,  and  had  a  oondociMty  of 
0  OOOOOS  radprooal  ohnu  per  cubic  centimetre. 

Tbo  julMtiiiiw  Mar%d$  was  puriBed  by  crjatallihing  untn  it  gave 
■ololiOM  of  oonalaiit  oonductinty  ;  the  normal  eolution  prepared  from 
tbo  foaed  salt  had  a  conductivitj  which  agreed  ejmoilj  with  that 
gtTon  by  Kohlrauach,  Uolborn,  and  Dusseldorf. 

The  kydrooUcrie  add  was  prepared  by  abeorbing  a  weighed  qoantiyr 
of  %h%  dry  gaa  in  purified  water. 

The  ctnuHe  poia$k  waa  the  purest  commercial  alkali  containing  no 
alumina  or  silica,  and  was  freed  from  carbonate  by  means  of  purified 
baryta. 

The  TaloM  obaerred  in  5  per  oent  solutions  of  glucose  were  as 
follows : 

I. 


(a)  0»mm«tasl  glacoM. 

(6)  RacrjaUlliMd  gluooM. 

Tim* 

(.]> 

Time.                        [.J^ 

8in. 

10  n. 

55  m. 
1  h.  88  m 
2h.  18  ni. 
4  h.  10  ni. 

98-5' 
98-0 
78-7 
87-2 
81-7 
:>\-7 

10  ro. 
49  m. 

1  b.  38  m. 

2  h.  18  m. 
4h.    Om. 

98  r 

80S 
887 
827 
55  2 

Temperature  17*5°. 
fialf-penod.  (a)  0*82  h. 

IL 


(6)  0-71  h. 


(a)  Water. 

(6)  JV'/IO  KCl. 

>710  HO. 

Time. 

[•V 

(«V 

Time, 

[•k 

11m. 

94  ^' 

9  m. 

100 -s* 

4  m. 

97-r 

15  m. 

92-5 

14  m. 

98-0 

8  m.   1 

92t 

28  m. 

87-8 

81  m. 

87-8 

8  m.   1 

87-8 

42  m. 

81-8 

47  m. 

82-8 

18  m.   1 

81*8 

Ih.    8  m. 

757 

Ih.    9  m. 

777 

84m.    ; 

87-6 

1  h.  40  m. 

877 

1  b.  48  m. 

707 

48  m. 

82^ 

2h.22m. 

880 

2^  29  m. 
sIL  53  m. 

68^ 

Ih.l2m. 

58-0 

8  h.  48  m. 

577 

597 

Ih.  40  m. 

54*8 

6  b.  24  m. 

58  0 

6  b.  82  m. 

587 

2  h.  20  m. 

541 

next  day. 

52-0 

next  day. 

521 

DMt  day. 

58-8 

Temperature  U''. 
Half  period  intervals (a)  0-82  h.     (6)  10  h.     (e)  0*27  h. 
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III. 


(a)  Water. 

(b)  Normal  KCl. 

Time. 

[«].. 

Time. 

[«]!>. 

8  ni. 

104-7' 

8  m. 

105 -S* 

17  m. 

100-0 

20  m. 

101-0 

61m. 

90-8 

62  m. 

91-7 

2  h.  22  m. 

74-8 

2  h.  24  m. 

76-6 

3  h.  18  m. 

68-5 

3  h.  21  m. 

69-2 

4  h.  15  m. 

68-8 

4  h.  17  m. 

64-7 

4  h.  69  m. 

610 

5h.    7  m. 

61-5 

6  h.  39  m. 

67-2 

6  h.  42  m. 

67-2 

next  day. 

58-3 

next  day. 

52-7 

Temperature  11°. 
Half-period (a)  18  h.         (6)  1-9  h. 


IV. 


(a)  Water. 

(b)  N/100  HCl. 

Time. 

[«]«H 

Time. 

[«]p. 

6  m. 
18  m. 

1  h.  83  m. 

2  h.  80  m. 

3  h.  30  m. 

102-3° 
96-6 
68-6 
60  0 

65-0 

8  m. 
18  m. 

1  h.  82  m. 

2  h.  80  m. 

3  h.  30  m. 

98 -e* 

94-7 
64-0 
66-7 
63-8 

Temperature  14°. 
Half-period (a)  0*9  h. 


(b)  0-7  b. 


There  i^as  some  uncertainty  as  to  the  zero  reading  of  the  polarimeter 
during  this  series,  but  this  would  affect  the  values  for  both  solutions 
to  ED  equal  extent. 


I.     TUB  MUTAROTATION  Of  OLUCOtlB. 
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V 

'. 

(•)  Water. 

(6)  AT/IOOOO  IICl. 

(r)  A7I000  net 

Tim«. 

[•]». 

1       Ti«no. 

[•]». 

Time. 

(•J- 

10  m. 

68  m. 
SIl  4m. 
ill.  6m. 
4h.24m. 
B«zt  day. 

101  ^^ 
84-8 
78-8 
67-0 
81-6 
6S-8 

10  m. 
1  68  m. 
'  Sh.    2m. 

8h.    6  m. 

4  h.  S4  m. 

naxt  day. 

102  V 
86-6 
76-0 
68-8 
61*2 
68*8 

10  m. 

68  m. 
2h.  8  m. 
8h.  6  m. 
4h.24m. 
next  day. 

101  r 

86-6 

74-8 
67-0 
60-8 
62-8 

VJ. 


\\  .• 


(b)  AyiOOOOO  KOH. 


(r)  JVyiOOOO  KOH. 


Time. 

[•!► 

Time. 

[.JiH 

Time. 

1 

[•)► 

Om.' 

102-6* 

6  m. 

lOS-7* 

6  m. 

n-y 

88  m. 

92^8 

88  m. 

04 -5 

18  m. 

98-6 

ih.    4  m. 

8«'6 

Ih.    8m. 

86  0 

,          82  m. 

88-8 

1  h.  48  ro. 

77-2 

1  b.  48  m. 

77-5 

'   Ih.    2m. 

76-2 

S  h.  61  m. 

68-2 

2  b.  62  m. 

60 -0 

1  h.  42  m. 

67 -0 

next  day. 

62-7 

next  day. 

64-2 

2  h.  60  m. 
1    next  day. 

80-2 
62*7 

{d;  A/iwvO  KOH. 

A'/IOOO  KOH. 

(<)  JV/lOO  KOU. 

Time. 

[•]o. 

Time. 

[«]». 

Time. 

i      (.V 

1*6  m. 

97-0' 

74  0* 

4  m. 

68  8* 

92-0 

.  .. 

71^ 

2*6  m. 

89-8 

69-8 

8m. 

88-7 

' 

87-8 

S-6m. 

88-2 

].   ■ 

81-7 

4  m. 

88-8 

1 

68-8 

6  m. 

80-0 

!■    ■ 

64  7 

8m. 

77-0 

ncxi  u^v. 

62-7 

Temperature  1 P  C. 

Half  period  (a)  and  (6)  1*50  h.     (e)  0  8  b.     (d)  008  b. 

(ej  probably  about  0008  b-30 

Cbbmical  Dspaktmeht, 

Cmr  AMD  GuiLDf  iKfrmm, 
CBirrmAL  Tbcbkioal  Colliob. 
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CXXVI. — The  Rotatory  Power  of  Maldiamide,  Maldi- 
li-propylamide,  and  Maldihenzylamide. 

By  John  McCrae. 

The  researches  of  Frankland  and  his  pupils  and  others  have  clearly 
demonstrated  that  by  the  introduction  of  the  radicles  of  fatty  acids 
and  of  aromatic  acids  into  the  esters  of  active  hydroxy-acids  the 
effect  produced,  so  far  as  rotatory  power  is  concerned,  depends  on  the 
nature  of  the  group  introduced.  In  the  case  of  diethyl  tartrate,  the 
introduction  of  two  fatty  acyl  groups  either  slightly  increases  or 
only  slightly  diminishes  the  rotatory  power  (Freundler,  Ann.  chim. 
phy8.,  1894,  [vii],  3,  433;  Frankland  and  Patterson,  Trans.,  1898, 
73,  181 ;  Frankland  and  Turnbull,  ibid.,  203  ;  McCrae  and  Patterson, 
Trans.,  1900,  77,  1096;  compare  also  McCrae,  Trans.,  1901,  79, 
1103),  but  if  the  acyl  groups  introduced  are  those  of  an  aromatic 
acid,  the  dextro-rotation  of  the  original  ester  is  changed  into  a  high 
Itevo-rotation  (Freundler,  loc.  cit.  ;  Frankland  and  Wharton,  Trans., 
1896,  69,  1309,  1583;  Guye  and  Babel,  Arch.  Sci.  phys.  not,  Geneve, 
1899,  [iv],  7,  23;  compare  also  McCrae,  loc.  cit.). 

It  has  been  shown  (McCrae  and  Patterson,  loc.  cit. ;  compare  also 
Freundler,  loc.  cit.)  that  when  two  phenacetyl  groups  are  introduced, 
the  effect  produced  is  similar  to  that  brought  about  by  the  fatty 
acyl  radicles,  and  not  to  that  caused  by  the  aromatic  groups.  Similar 
observations  have  been  made  in  other  series. 

In  the  case  cited,  the  alkyl  radicles  are  attached  to  the  active 
nucleus  through  a  carbonyl  group,  and  the  following  observations  were 
made  in  order  to  find  whether  or  not  the  same  effect  is  produced 
when  the  alkyl  groups  are  united  with  the  active  nucleus  through  an 
imino-group. 

For  the  purpose  in  view,  malic  acid  was  selected,  and  its  diamide, 
din-propylamide,  and  dibenzylamide  were  prepared  and  studied.  The 
first  has  already  been  polarimetrically  examined  by  Waldeo  (Zeii, 
phynkaX.  Chem.,  1895,  17,  264),  but  a  re-examination  was  made  in  the 
i»ame  solvents  as  those  used  for  the  other  compounds  in  order  to  obtain 
comparable  values. 

EXPBBIIIBNTAL, 

The  diethyl  ^malate  used  in  the  preparation  of  the  following  com- 
pounds was  obtained  by  the  Fischer  method  described  by  Roitter 
(Zeii.  phy$ik>od.  Chmn.,  1901,  36,  135);  it  had  a  rotaUon  of  -11-63^ 
(/-1,<-160). 
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\-MaUiamiiU, — ^Thii  wm  prepartd  aoeordiof  to  PAcUur's  OMibod 

{JmkrmUr,,  1851,  411)  bj  saturatiog  a  •olutioo  of  dioibjl  maUU  in 

aboolaU  aloobol  with  dry  ammonia  in  tbt  oold.     AiUr  tbrto  or  four 

:ija,  tbe  maldiamide  aeparatod,  and  wbon  orjitalliaod  from  hot  abto- 

iuto  aloobol  it  mftltod  at  157^. 

I'Mmldi'U'prcpyimmidt, — Five  grams  of  f»-propjlamine  and  7'5grami 
of  diethyl  malate  were  heated  together  in  a  sealed  tube  at  60^  for  tn 
bour  and  a  half.  The  product,  which  solidifies  on  oooling,  was 
dried  on  a  porous  tile  and  then  melted  at  116 — 120°.  It  is  easily 
•oluble  in  water,  alcohol,  ether,  or  chloroform,  and  is  best  crystallised 
from  hot  bensene,  as  it  it  only  sparingly  soluble  in  thia  solvent 
when  oold.  The  purified  tabstanoe  melts  at  125*5°,  tbe  yield  being 
60  per  oent. 

0*1580  gave  18*0  c.c  of  nitrogen  at  20°  and  758  mm.     N- 13*29. 
CjoH^OjN,  requires  N- 12*91  per  cent. 

l-Maldibemfflamide. — By  heating  together  7  grams  of  bensylamioe 
and  5  grams  of  diethylmalate  in  a  sealed  tube  at  70 — 80°  for  several 
boors,  8*1  grams  of  crude  maldibenzylamide  melting  at  15P  were 
obtained,  tbe  yield  being  97  per  cent.  The  diamide  can  be  recrystal- 
lised  from  water  or  chloroform,  but  it  separated  most  readily  from 
bensene  ;  the  crystals,  which  are  prismatic,  melt  at  155*5°. 

01772  gave  14*25  cc.  of  nitrogen  at  17*5°  and  760  mm.     N-947. 
CjgH^OjN,  requires  N  -  8*98  per  cent. 

In  order  to  be  able  to  compare  the  rotatory  powers  of  tbase  com- 
pounds with  tbe  corresponding  dianilide  and  ditoluididea  eiamined  by 
Walden  {loc.  eii,)  and  by  Guye  and  Babel  (loe,  ciC),  tbe  rotation  was 
determined  in  glacial  acetic  acid  and  in  pyridine  solutions.  The 
results  obtained  are  tabulated  on  p.  1 326,  the  rotations  and  the  densities 
being  both  determined  at  the  temperature  given.  In  the  author's 
experiment«,  the  length  of  the  polarimeter  tube  was  198*5  mm.  The 
table  also  contains  tbe  numbers  obtained  by  Walden  and  by  Guye 
and  Babel. 

Coneftcsum*. 

Tbe  profound  influence  of  the  solvent  on  the  rotatory  power  is 
demonstrated  by  the  foregoing  data ;  as  a  rule,  the  rotation  is  higher 
in  pyridine  solution  than  in  acetic  acid,  bat  maldi-n-propylamide  is  an 
exception,  for  it  shows  a  Somewhat  bigbsr  rotation  in  tbe  latter 
solution. 

Compiring  tbe  specific  rotations,  it  is  seen  that  tbe  reptacaoMnt  of 
a  hydrogen  atom  of  each   of  the  amino-groups  of  maldiamide  by 

VOL.  LXXXIU.  4  V 


1326 


THE  ROTATORY  POWER  OF  MALDIAMIDE,  ETC. 


Maldiamido    

Maldi-n-propylaniide.. 

Maldibenzylamide 

*Maldianilide     

*Maldi-o-toluidide 

•Maldi-p-tolnidide    ... 


Maldianiide    

Maldi-n-propylamide . 

Maldibenzylamide 

tMaldianilide     

tMaldi-o-toluidide 

tMaldi-m-tolaidide  .. 
+Maldi-^-toluidide    .. 


Tem- 
perature. 


Grams  of 
substance 
in  100  c.c. 
of  solution. 


Density. 


d. 


Ob- 
served 
rotation. 


Solvent :  glacial  acetic  acid. 


20' 
ri9 

22 


4-678 

1-0652 

4-798 

1-0525 

4-977 

1-0662 

4-664 

1-0660 

1-60 

— 

2-00 

— 

1-00 

— 

-4n2' 

-4  28 
-4  41 
-162 


Solvent :  pyridine. 


Specific 
rotation. 


[«]». 


46  •2* 

46  9 

47-4 

20-2 

60-7 

66  0 

700 


1-998 

10002 

1 

-2n8'  1 

4-789 

0-9973 

-3  69    ' 

4-865 

1-0028 

-3    7 

4-825 





4-82 





4-82 

— 

4-82 

— 

— 

-41-9 
-32-4 
-101-1 
-61-8 
-76-9 
-92-5 


Mole. 

cular 

rotation. 


-69-7' 
-101-3 
-102-4 

-68  0 
-172-4 
-202  8 
-218-4 


-76-2» 

-90-5 
-101-1 
-287-1 
-192-8 
-236-8 
-288-6 


*  Determined  by  Walden. 


t  Determined  by  Guye  and  Babel. 


n-propyl  or  benzyl  either  scarcely  alters  the  rotatory  power  or 
actually  diminishes  it. 

On  comparing  the  tabulated  results,  it  is  seen  that  the  introduction 
of  aromatic  groups  into  the  amino-groups  of  maldiamide  exerts  a  very 
different  quantitative  effect  from  that  caused  by  the  replacement  of 
the  hydrogen  of  the  amino-groups  by  fatty  radicles.  The  difference, 
although  not  so  clearly  marked  as  in  the  case  of  diethyl  tartrate,  is, 
nevertheless,  quite  distinct,  and,  as  the  replacement  takes  place  in  a 
different  part  of  the  molecule,  it  was  hardly  to  be  expected  that  the 
difference  in  the  effects  would  be  eo  great;  with  the  amides  in 
question,  the  replacement  takes  place  at  a  point  further  removed  from 
the  active  carbon  atom  than  in  the  case  of  the  tartrates  cited,  and, 
consequently,  its  effect  on  the  rotation  should  not  be  so  great  (Oaje 
and  Babel,  Arch.  Sci.  phyt.  nat.  Gen^,  1899,  [iii],  7,  114,  and  Guye, 
Trans.,  1901,  70,  476). 

The  results  also  show  that  the  benzyl  group  approximates  in  its 
effect  much  more  closely  to  the  fatty  than  to  the  aromatic  radicles, 
and  this  establishes  the  fact  that  the  different  influences  referred  to 
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ill  oonnocUoQ  with  diethyl  tartnta  are  in  do  way  due  to  the  ^ 

ol  the  cMrboDjl  group  beyoud  iU  negative  chaiuoUr,  which  will,  of 
course,  peraiat  in  all  the  compounds.  Thia  oooolusioo  b  not  at  all 
iturpnsiDg,aiiice  it  is  known,  from  p"- jirinn  nhminal  mmurMUnti  and 
also  from  tha  chemical  deportment  of  the  bensyl  radicle,  that  thia 
group  is  to  be  cls«aed  with  the  fatty  rather  than  with  tha  aitNnatio 


I  am  indebted  to  the  Committee  of  the  Chemical  Society  Basaaroh 
Fund  fur  assistance  in  procuring  the  materials  used  in  this  investiga- 
tion, and  I  desire  to  express  my  thanks  to  Prof.  Stroud  of  the  York- 
shire College  for  kindly  placing  his  polarimeter  at  my  disposaL 

QrsBK  IIakoarxt*8  Oollbob, 
Glasgow. 


KXVII. — The  Constitution  of  Chrysophanic  Acid  and 

of  Emodin. 
By  HoopiR  Albert  Dickinson  Jowbtt  and  Charles  Ettt  Pottes. 

Althouob  chrysophanic  acid  and  emodin  have  long  been  known  to 
be  respectively  the  di-  and  tri-hydroxy-derivatives  of  a  methylanthra- 
quinone,  the  position  of  the  substituting  groups  has  remained  un- 
determined. The  exact  constitution  of  these  substances  is,  however, 
of  considerable  importance  from  a  pharmacological  standpoint,  inas- 
much aa  they  occur  naturally  in  several  drags  possessing  a  cathartie 
action.  Heaae  (AnMoUn,  1899,  809,  32)  has  suggested  certain 
formule  for  these  subiitance8,  but  he  adduces  no  evideooe,  either 
theoretical  or  experimental,  in  support  of  his  assumptions.  The  object 
of  thitf  investigation  was  to  determine  the  position  of  the  sabatitutiag 
groups,  aud,  if  possible,  to  synthesise  the  substances  themselvea. 
Although  we  have  failed  to  accomplish  theee  syntheses  we  are  able, 
with  a  considerable  degree  of  certainty,  to  propose  formula  for  both 
theee  compounds. 

Chrysophanic  acid  yieldi«,  on  distiihttion  with  zinc  dust,  a  product 
which  Liebermann  (Annalen,  1876,  183, 159)  considered  to  be  2-methyl- 
anthracene,  but  owing  to  tfk  great  similarity  which  exists  baiwaeo 
the  isomeric  methylanthracenes  this  point  cannot  be  considered  as 
being  definitely  proved.  Chryaophanic  acid  was  not  methylated,  even 
when  treated  with  excess  of  sodium  and  methyl  iodide  in  methyl 
alcohol  at  100°  (Jowett  and  Potter,  Trans.,    1902,   81,    1584).     It 
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follows  that  both  hydroxyls  must  be  contiguous  to  a  carbonyl  group  in 
the  anthraquinone  molecule.  Furthermore,  by  fusion  with  caustic 
alkali  or  by  oxidation  with  permanganate,  it  does  not  yield  any 
derivative  of  benzoic  acid,  but  gives  rise  only  to  simple  oxidation 
products  such  as  oxalic  acid,  from  which  it  may  be  concluded  that  the 
hydroxy  1  groups  are  attached  to  one  benzene  residue  and  the  methyl 
radicle  to  the  other.  If  all  three  substituting  groups  were  attached 
to  one  benzene  residue  or  a  hydroxyl  to  one  and  the  methyl  radicle 
and  a  hydroxyl  to  the  other,  fusion  with  caustic  alkali  would  certainly 
furnish  either  benzoic  acid  or  one  of  its  derivatives  (Liebermann,  Ber., 
1879,  12,  1293).  Moreover,  the  methyl  radicle  attached  to  one 
benzene  residue  and  the  quinol  group  present  in  the  other  afford  to 
oxidising  agents  two  points  of  attack,  and  furnish  an  explanation  of 
the  ease  with  which  disruption  of  the  molecule  occurs.  The  only 
possible  formulsB  for  chrysophanic  acid  are  therefore 

OH 

OH 

II. 

5  : 8-Dihydroxy-2-methylanthraquinone  (formula  II)  has,  however, 
been  synthesised  (Niementowski,  Ber.,  1900,  33,  1634),  and  appears  to 
coincide  in  physical  and  chemical  characters  with  chrysophanic  acid. 
As  it  seemed  likely  that  the  possibility  of  the  identity  of  the  synthetical 
and  natural  products  had  been  overlooked,  we  prepared  some 
5 : 8-dihydroxy-2-methylanthraquinone  and  found  that  it  was  not 
identical  with  chrysophanic  acid.  Formula  II  must  therefore  be 
abandoned,  and  we  may  regard  I  as  the  constitutional  formula  of 
chrysophanic  acid,  which  is  that  previously  suggested  by  Hesse 
(loe.  cit.). 

If  this  formula  for  chrysophanic  acid  is  accepted,  it  necessarily 
follows  that  chrysarobin  and  dichrysarobin  must  be  represented  as 

followB :  [6 : 8](0H),C,H,<J^^C,H,-CH,[1], 
(Chrysarobin.) 


Kc.H,<g<^£bKJ,H,.i^^^         HoeH,<^^^C,H,.£4. 

I O 1 

(Dichrysarobin.) 

We  have  endeavoured  to  synthesise  6  : 8-dihydroxy-l-methylanthra- 
quinone  by  the  condensation  of  hydroxysalioylic  acid  with  o-  and  with 
m-toluic  acids  and  of  1-methylphthalic  anhydride  with  quinol,  but  in 
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all  0M6t  without  lucoeM.      The  failurt  in   the  UtUr  am  it  in- 
txplioahk^ M  S^methylphthalio  anhydride  rMdil/  ooodMiMe  wiih  quinol. 
Hatt*  haa  abo  suggested  the  following  formula  for  aaodiD : 

OH  OH, 

OH  OH 

This,  howeTer,  is  incorroct,  as  emodin  yields  a  mooomethyl  ether, 
which  would  not  be  the  case  if  the  three  hydroxyl  groups  occupied  the 
podtioas  indicated  in  the  above  formula.  It  follows  that  ods  hydroxyl 
gnmp  in  amudin  occupies  the  meta-position  with  regard  to  a  carbonyl 
residue.  There  are  three  reasons  why  emodin  should  be  regarded  as  a 
hydrozjl  derivative  of  chrysopbanic  acid  :  (1)  as  both  substances  occur 
together  in  certain  plants,  notably  rhubarb,  it  is  most  probable  that 
both  contain  the  same  complex,  and  differ  only  by  the  presence  of  an 
additional  hydroxyl  group  in  emodin  ;  (2)  both  chrysopbanic  acid  and 
emodin  behave  similarly  when  fused  with  caustic  alkali  or  when 
oxidised  with  permanganate,  neither  yielding  any  derivative  of  benzoic 
add;  (3)  emodin,  on  distillation  with  zinc  dust,  yields  a  methyl- 
anthraeeoe,  which  is  regarded  by  Liebermann  as  being  the  2-methyl 
compound,  whereas  Perkin  (Trans.,  1894,  65,  925)  supposes  it  to  be 
the  1-methyl  derivative. 

If  it  is  admitted  that  emodin  contains  the  chrysopbanic  acid  residue, 
then  the  additional  hydroxyl  must  occupy  one  of  the  following  positions 
a,  a',  6,  or  b' : 

OH  CH, 


O^O- 


OH 

If  the  third  hydroxyl  in  emodin  occupied  position  6  or  6',  we  should 
expect  to  find  indications  of  dyeing  properties,  owing  to  the  position 
of  the  two  contiguous  hydroxyl  groups  with  respect  to  the  carbonyl 
radicle.  Emodin,  however,  has  been  shown  to  be  quite  devoid  of  these 
properties.  It  is  therefore  most  probable  that  the  additional  hydroxyl 
group  occupies  position  a  or  a\  and  emodin  would  thus  be  represented 
by  one  of  the  following  formulie  : 

OH  CH,  •  OH  CH, 

'^■^      -     C:^K>» 

OH  OH 

Emodin. 
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Inasmuch  as  the  synthesis  of  emodin  could  alone  serve  to  dis- 
tinguish between  these  formulae,  we  have  made  numerous  attempts  to 
accomplish  this  by  the  condensation  of  hydroxysalicylic  acid  with  the 
different  hydroxytoluic  acids  under  varying  conditions  of  temperature 
and  by  the  use  of  different  condensing  agents,  such  as  zinc  chloride 
and  phosphoric  anhydride,  in  addition  to  sulphuric  acid.  The  desired 
condensation,  however,  did  not  take  place,  and  it  would  appear  that 
the  hydroxysalicylic  acid  is  so  readily  oxidised  that  it  undergoes 
decomposition  before  the  temperature  necessary  for  condensation  is 
reached. 

In  attempting  the  condensation  of  hydroxysalicylic  with  hydroxy-p- 
toluic  acid  (CH3  :  OH  =  1:2),  it  was  found  that  a  reaction  had  occurred, 
but  the  examination  of  the  resulting  products  proved  that  they  were 
formed  by  the  condensation  of  two  molecules  of  the  hydroxy-/>-toluic 
acid,  and  that  the  hydroxysalicylic  acid  took  no  part  in  the  reaction. 
This  was  afterwards  confirmed  by  the  condensation  of  hydroxy-j»- 
toluic  acid  alone.  The  formation  of  three,  and  only  three,  isomeric 
dihydroxydimethylanthraquinones  by  the  condensation  of  two  mole- 
cules of  hydroxy-/?-toluic  acid  is  possible,  and  three  isomerides  have 
actually  been  isolated.     The  formulae  of  the  isomerides  are  as  follows  : 

OH  OH 

f'^CO-f^CHg  OH/\-cO-f^0H, 

CHs^^-CO-l^  CH3l^    ,-CO-l/ 

OH 

I.  II. 

0H/\-C0-f^NcH3 
CH8'\^^-<^0~'\/0H  • 

III. 

The  correct  formulas  of  the  products  were  determined  by  the 
behaviour  of  these  substances  towards  ammonia  and  methylating 
agents.  On  methylation,  the  substance  denoted  by  formula  HI  would 
yield  a  dimethyl  ether,  the  compound  No.  II  would  furnish  a  mono- 
methyl  ether,  whilst  the  isomeride  indicated  by  I  would  remain  un- 
changed.    The  pure  substances  have  been  isolated  and  characterised. 


Experimental. 

Smodin  methyl  ether,  C,Hj(0H),<^^>0jH,(CHj)(O0H,).  . 

This  compound  was  prepared  as  follows:  2*7  parts  of  emodin,  45  parts 
of  methyl  iodide,  and  0*7  part  of  sodium  dissolved  in  methyl  alcohol 
were  heated  together  in  a  reflux  apparatus  at  60°  for  24  hours,  or  in 


CHRrsoPtUNlC  ACID  AND  OF  KMODIN.  ISSl 

aMdedtabeat  lOO^for  3  to  3  hours.  TIm  alooholin  liquid,  which 
had  DOW  loit  iU  original  red  colour,  depodiod  yallow  oryttala*  and 
Umm^  whan  raerjaUlliaed  from  hot  idoohol,  aeparatad  in  fina,  jaUow 
naedlaa  melting  at  200^,  the  melting  point  remaining  unchanged  on 
forihir  erjttalliMiion.  The  ether  waa  inaoluble  in  eodium  carbonate 
Hohilioii,  but  diaeolTcd  in  cold  aqueooa  iodium  hjdrozide  to  a  red 
•olution. 

0O864  gaTe  0-2134  CO,  and  0  0346  H,0.    C  -  674  ;  H  -  4  4. 
0 0783     ,.    bj  Zeisel's  method,  00638  Agl.     OOH, - 52. 
•0-2306     „  „  „        e-185    AgL     OCH,-5-3. 

^if^i A  roquires  C  =  67-6 ;  H  -  4*2  ;  OCH, -  6-3  per  cent. 

The  ooflyf  compound,  C|0H,9Oj(C,H,O),,  prepared  by  the  action  of 
acetic  anhydride  and  sodium  acetate,  was  purified  by  recrystallisation 
from  hot  alcohol  until  its  melting  point  waa  constant  at  157^ 

0  1406  gave  03364  00,  and  0  0676  H,0.     C-65-2 ;  H-4 5. 
^M^ifii  requires  C  -  652 ;  H  -  43  per  cent. 

When  emodin  methyl  ether  was  fused  with  potassium  hydroxide,  a 
small  quantity  of  phenol  was  produced,  together  with  a  small  amount  of 
an  acid  which  sublimed  forming  light  green  crystals  which  did  not  melt 
below  350^,  and  developed  purple  and  red  colorations  with  ferric  chloride 
and  sulphuric  acid  respectively.  Unfortunately,  the  quantity  of  this 
acid  produced  was  too  small  to  admit  of  further  examination.  It  would 
appear  that  this  emodin  methyl  ether  is  not  identical  with  that  obtained 
by  Perkin  and  Hummel  from  Ventilago  madraaapatana  (Trans.,  1894, 
66^  932),  since  the  acetyl  compound  of  the  latter  melted  at  185^  and 
the  ether  yielded  crystalline  mono-  and  tetra-nitro-compounds. 

Under  similar  conditions,  the  ether  prepared  from  emodin  afforded 
no  definite  compound  with  nitric  acid. 

3 :  b'Dihydroanf-2  :  ^-dimelhylanthraquinon$f  Ci^HijO^. 

This  was  produced  during  an  attempt  to  condense  hydroxysalicylic 
with  hydroxy-/>-toluic  acid  (CH,  :  OH  -1  : 2),  but  it  was  aftarwarda 
found  that  the  former  add  took  no  part  in  the  condensation.  if»-Hydr- 
oxy'/>-toIuic  acid,  either  alone  or  mixed  with  an  equal  part  of  hydroxy- 
salicylic acid,  was  heated  in  an  oil-bath  at  110^  to  140°  for  from  7  to 
10  hours  with  ten  parts  of  concentrated  sulphuric  add.  WhiUt  still 
warm,  the  deep  red  liquid  was  poured  into  ten  volumes  of  water  and 
allowed  to  cooL  The  dirty  green  predpitate  produced  was  thoroughly 
washed  with  water,  dried,  and  then  extracted  with  bensene  in  a 
Soxhiet's  apparatus.     After  removing  the  benzene  by  distillation,  the 

*  This  fpedmen  was  ohUined  by  the  tmtetim  at  100*  in  a  sealed  tnbe. 
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residue  was  dissolved  in  a  large  volume  of  hot  glaciul  acetic  acid,  the 
solution  being  boiled  with  animal  charcoal.  The  crystals,  which 
separated  on  cooling  from  the  filtered  solution,  did  not  melt  below 
300°;  they  were  crystallised  twice  from  ethyl  acetate  and  thus 
obtained  as  bright  golden-yellow  leaflets.  The  substance  dissolved  in 
concentrated  sulphuric  acid  to  a  deep  pink  solution,  and  developed  a 
brownish-red  coloration  in  ammonia,  a  full  red  tint  being  produced  in 
aqueous  caustic  alkalis  ;  it  is  only  slightly  soluble  in  aqueous  sodium 
carbonate,  forming  a  reddish-yellow  solution. 

0-0854  gave  02224  COg  and  00344  H2O.     C  =  71-0  ;  H  =  4-5. 
0-1164     „     0-3030  CO2    „    00504  HgO.     C  =  71-0 ;  H  =  4-8. 
CigHijO^  requires  C  =  71-6  ;  H  =  4  5  per  cent. 

The  acetyl  compound,  CiglIjQO^(C2H30)2,  prepared  by  the  action  of 
acetic  anhydride  and  sodium  acetate,  formed  long,  yellow,  acicular 
crystals  melting  at  215°,  and  this  melting  point  was  not  altered  on 
recrystallisation. 

0-0842  gave  02102  COj  and  00372  H.O.     0  =  68*1 ;  H  =  4-8. 
CgoHigOg  requires  C  =  68-l  ;  H  =  4-6  per  cent. 

The  monomethyl  ether,  CigHu04(CH3),  was  formed  by  heating  the 
dihydroxydimethylanthraquinone  at  100°  for  2  hours  in  a  sealed  tube 
with  equivalent  amounts  of  sodium  and  methyl  iodide  dissolved  in 
methyl  alcohol.  The  product,  which  separated  on  cooling,  was 
collected,  washed  with  water,  and  repeatedly  crystallised  from  hot 
ethyl  acetate,  the  ether  being  thus  obtained  in  golden-yellow,  acicular 
crystals  melting  at  214—215°. 

0093  gave,  by  Zeisel's  method,  00702  Agl.     0CH3  =  4-8. 
Cj^Hj^O^  requires  OCH3  =  5-3  per  cent. 

A  dimethyl  ether  could  not  be  obtained. 

The  acetyl  compound,  CigHioO^(CH3)(C2H30),  prepared  in  the  usual 
way  with  acetic  anhydride  and  sodium  acetate,  when  crystallised  from 
absolute  alcohol,  formed  light  yellow,  acicular  crystals  melting  at 
195—196°. 

01012  gave  02580  COj  and  00440  H,0.     C-69-5  ;  H-i'S. 
00946     „     0-2412  CO,    „    0  0428  HjO.     C«69-5;  H-5-0. 
CjjHjflOj  requires  C  -  703  ;  H  -  49  per  cent. 

The  formation  of  the  monomethyl  ether  proves  that  the  condensa- 
tion  product  contains  only  one  hydroxyl  group  contiguous  to  the 
carbonyl,  and  as  of  the  three  isomerides  possible  by  the  condeDsation 
of  two  molecules  of  tn-hydrozy-p-toluio  acid  only  one  fulfils  this  con- 
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dition,  ii  fotlowt  that  the  subetaoco  jutt  dMoribed  miitt  bt  rtprinnUd 
bj  tho  following  formaU : 


cH.MlSal^       • 


This  sabstanoe  is  formed  together  with  the  isomeric  3  :  S-dihjdrozy- 
2  :  ^-dimethylanthraquinone  under  the  conditioos  previously  described 
(p.  1331).  It  is,  however,  only  produced  in  very  small  quantity,  and 
we  have  not  obtained  it  by  the  condeuBation  of  hydroxy-;^toluio  acid 
alone.  It  was  isolated  from  the  mother  liquors,  from  which  its  iso- 
meride  had  separated,  by  adding  water  to  the  glacial  acetic  acid 
solution.  The  product  was  puriBed  by  dissolving  in  hot  chloroform,  in 
which  the  yellow  isomeride  is  almost  insoluble,  and  precipitating  from 
the  chloroform  solution  by  the  cautious  addition  of  methyl  alcohol. 
After  repeated  crystallisation  from  chloroform  and  petroleum  ether, 
the  compound  was  obtained  in  scarlet,  acicular  crystals  melting  at 
224— 225^ 

0-Oi32  gave  0191  CO,  and  00298  H^O.    C  -  71  2  ;  H  -  45. 
CjfHjjO^  requires  C««71'6  ;  H»  4*5  per  cent. 

The  crystals  were  insoluble  in  ammonia  or  sodium  carbonate  solu- 
tion, but  dissolved  in  concentrated  sulphuric  acid  to  a  purple  solution, 
and  developed  a  pink  coloration  with  aqueous  caustic  alkalis.  The 
■nbetance  remained  unchanged  when  heated  with  excess  of  methyl 
iodide  and  sodium  in  methyl  alcohol  at  100°  in  a  sealed  tube.  The 
insolubility  of  this  isomeride  in  ammonia  and  its  inertness  towards 
methylating  agents  prove  that  both  hydroxyl  groups  must  be  contigu- 
ous to  carbonyl,  and  the  compound  must  therefore  be  repreaeiited  by 
the  following  formula : 

OH 


"<>^™-- 


OH 


3  : 1'Dikydroxy2^^-dini€ihylafUkraquinom,  Q^fi^fi^, 

This  substance  is  formed  in  very  small  proportion  together  with 
the  isomeric  3  :  5-dihydroxy-2 :  6-dimethylanthraqninone  by  the  con- 
densation of  two  molecoleeof  m-hydrozy-p-toluic  acid  ;  it  was  separated 
from  the  glacial  acetic  acid  mother  liquors  by  precipitation  with  water, 
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and  crystallised  repeatedly  from  absolute  alcohol  until  of  coDstant 
melting  point.  It  then  formed  fine,  orange-yellow,  acicular  crystals 
melting  at  232°,  was  readily  soluble  in  ammonia  to  a  red  solution,  and 
developed  a  reddish-purple  coloration  in  concentrated  sulphuric  acid. 

00486  gave  0-1264  COg  and  0021  H2O.     0  =  71*0;  H=.4-8. 
CigHjgO^  requires  0  =  71*6;  H  =  4*5  per  cent. 

Although  sufficient  material  was  not  available  for  any  further 
experiments,  yet  the  ready  solubility  of  the  substance  in  ammonia  and 
its  distinctive  character  leave  no  doubt  but  that  this  substance  is  the 
third  possible  isomeride,  and  therefore  by  exclusion  has  the  following 
formula  : 

oh/\_co_/\ch3 
ohJ^^-co-'\^oh  • 

Emodin  was  fused  with  caustic  alkali  and  oxidised  with  potassium 
permanganate  under  varying  conditions,  but  in  no  case  could  any 
definite  product  be  isolated. 

An  attempt  to  prepare  a  methyl  ether  of  5  :  8-dihydroxy-2-methyl- 
anthraquinone  was  unsuccessful.  Further  proof  is  thus  afforded  of 
the  correctness  of  the  generalisation  that  in  derivatives  of  anthra- 
quinone  under  the  conditions  mentioned,  only  those  hydroxyl  groups 
are  capable  of  methylation  which  are  not  contiguous  to  either  of  the 
two  car  bony  1  groups. 

The  Wellcome  Chemical  Research  Laboratories, 
London,  E.C. 


CXXVIII. — Additive    Compounds    of  s-Trinifrohenzene 
and  Alkylated  ArylamineS'. 

By  Harold  Hibbert  and  John  J.  Sudborough. 

In  a  previous  communication  (Trans.,  1901,  70,  522),  it  has  been 
shown  that  «-tri nitrobenzene,  ^-trinitrotoluene,  and  a  number  of  other' 
trinitro-derivatives  readily  form  additive  compounds  with  a-  or 
^•naphthylamine.  These  compounds  are  well-defined,  relatively 
stable,  crystalline  substances,  having  a  deep  red  or  purple-black 
colour.  They  may  be  crystallised  from  various  solvents,  even  glacial 
acetic  acid,  without  being  resolved  into  their  components,  but  are  all 
decomposed  on  boiling  with  dilute  mineral  acids.  They  readily  yield 
sulphur-coloured  acetyl  derivatives,  which  are  identical  with  the  pro- 
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ducts  obuiu^d  by  the  udiod  of  t*trinitrobM>Mn«  with  tho  aoetjUtMl 
naphthjliuniDM.  In  the  prMeDt  paper,  we  further  show  thai  ihej 
ere  oepeble  of  yielding  bensoyl  derivetiTee. 

Ai  Murly  ee  1883,  Hepp(^iiiiaiifs  1882, 215,  344)  deeoribed  unHeble 
edditive  oompounds  of  euiline  with  trinittx>btfnsene,  ^.  Hen  (B«r,, 
1890,  23|  3540)  mentionR  a  compound  of  picryl  chloride  and  diphenyU 
amine  |rhioh  oontains  two  moleculee  of  the  chloride  united  with  one 
of  the  baee.  Hen  also  states  that  oarbasole  gires  a  similar  oomponnd 
with  picryl  chloride.  Wedekind  {Annaltn,  1902,  323,  257)  deecribes 
an  eddittve  compound  of  pyridine  and  picryl  chloride  containing  1 
molecular  proportion  of  each  constituent.  PauI  Lemoult  (Compl. 
rmd„  1902,  136,  346)  has  obtained  additive  compounds  of  1-chloro- 
2 :  i-dinitrobensene  with  bases  of  the  diphenylmethane  series ;  for 
example:  C,H,CI(NO^„CH,(OeH^NMe,),  and 

CeH,Cl(NO,)„CH,(C,H,NEt,)^ 

both  in  the  form  of  reddish-brown  needles.  Picryl  chloride  and  pier- 
amide  also  combine  with  the  same  bases  yielding  black  compounds. 
Bamberger  and  Miiller  (Ber.,  1900,  33,  102)  mention  additive  com- 
pounds of  picrylmethylnitrosoamine  with  a-  and  /3-naphtbylamines  of 
the  type  ((NO,),CjH^-NMe-NO]j,CioH7NH,.  Reitsenstein  (J,  pr. 
CUm.,  1903,  [ii],  68,  252)  describes  additive  oompounds  of  1-chloro- 
2  : 4-dinitrobenzene  with  various  bases.  Most  of  these  additive  com* 
pounds  are  relatively  unstable,  and  thus  differ  from  the  naphthylamine 
derivatives  previously  described  by  one  of  us  {loe,  cU.), 

Ko  de6nite  constitutional  formulae  were  ascribed  to  the  oompounds 
mentioned  in  the  previous  communication,  although  aeveral  possibilities 
were  suggested.  We  are  continuing  the  investigation  of  theee  additive 
products  with  the  object  of  answering  the  following  questions. 

(1)  Are  secondary  and  tertiary  bases  of  the  naphthylamine  esries 
capable  of  forming  additive  compounds  with  t-trinitrobeoxene,  and,  if 
snch  compounds  are  produced,  in  what  important  points  do  they  differ 
from  the  additive  compounds  already  described  f 

(2)  What  is  the  effect  of  introducing  substituents  into  the  trinitro- 
benzene  molecule  on  the  formation  of  additive  compounds  t  We  have 
already  shown  that  «-trinitrobenzene  and  ^-trinitrotoluene  form  these 
additive  compounds,  whereas  rtrinitrozylene  and  trinitromeritjlMie 
do  not.  We  hope  to  determine  whether  other  substitoenta,  for 
example,  OMe,  Br,  NO^  Ac,  have  similar  inhibiting  effects. 

(3)  Is  the  property  ofc  forming  additive  oompounds  affected  at  all 
by  the  introdnciion  of  substituents  into  the  arylamine  ;  more  etpeeially 
do  such  subetituents  as  bromine  and  the  KO,  group,  which  tend  to 
lessen  the  basic  properties  of  the  arylamine,  also  tend  to  destroy  its 
power  of  forming  additive  products  t 
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(4)  Are  polynitro-derivatives  of  other  aromatic  hydrocarbons,  more 
especially  naphthalene,  also  capable  of  uniting  with  arylamines,  and,  if 
so,  do  the  products  differ  materially  from  those  already  described  ? 
So  far,  preliminary  experiments  have  shown  that  tri-  and  tetra-nitro- 
naphthalenes  are  capable  of  forming  additive  compounds  with  a-  and 
^  naphthylamines.  Certain  of  these  contain  one  molecular  proportion 
of  the  nitro-compound  combined  with  one  of  the  base,  and  in 
others,  two  molecules  of  the  nitro-compound  are  united  with  one  of  the 
base. 

The  present  paper  gives  an  account  of  the  work  undertaken  with 
the  object  of  deciding  the  first  of  the  foregoing  questions.  The  fact 
that  Hepp  describes  a  compound  of  trinitrobenzene  and  dimethylaniline, 
and  Wedekind  one  of  pyridine  and  trinitrobenzene,  indicates  that 
certain  tertiary  bases  are  capable  of  forming  these  additive  compounds. 
We  find  that  s-trinitrobenzene  is  capable  of  combining,  not  merely 
with  primary  arylamines  of  the  type  of  the  naphthylamines,  but  also 
with  secondary  and  tertiary  bases  such  as  the  mono-  and  di-alkylated 
naphthylamines,  yielding  well-defined  compounds  which,  in  appearance 
and  stability,  closely  resemble  those  already  described. 

The  products  obtained  from  trinitrobenzene  and  mono-alkylated 
naphthylamines  may  be  acetylated  or  benzoylated,  whereas  the  cor- 
responding derivatives  of  the  tertiary  bases  may  readily  be  crystallised 
from  acetic  anhydride  without  undergoing  any  alteration.  We  have 
also  found  that  the  compound  obtained  from  trinitrobenzene  and 
a-naphthylamine  may  be  benzoylated,  and  that  the  same  compound, 
when  heated  with  ethyl  iodide  and  freshly  ignited  magnesia,  yields  a 
monoethyl  derivative  identical  with  that  obtained  by  the  addition  of 
ethyl-a-naphthylamine  to  8-trinitrobenzene.  At  first,  we  considered 
that  these  facts  pointed  to  the  presence  of  a  hydroxyl  or  an  amidogen 
group  in  the  additive  compounds  from  naphthylamine  and  its  monoalkyl 
derivatives  and  to  the  absence  of  any  such  radicles  in  the  compounds 
from  trinitrobenzene  and  dialkylated  naphthylamines. 

We  had  previously  noticed,  however,  that  when  solutions  of  the 
coloured  compounds  were  considerably  diluted,  the  depth  of  colour 
diminished  considerably,  and  determinations  of  the  molecular  weights 
of  some  of  the  additive  compounds  in  moderately  dilute  benzene  solu- 
tion have  proved  that  these  substances  are  almost  completely  dissociated 
into  their  two  components,  even  although  the  solution  still  retains 
an  appreciable  amount  of  colour.  It  appears  probable,  therefore,  that 
the  acylating  and  alkylating  agents  interact  not  with  the  additive 
oompound  itself  as  such,  but  with  its  basic  constituent,  and  if  this  is 
a  tertiary  base  (dimethylaniline,  for  example)  no  reaction  occurs. 


8.TR1K1TB0BINZBNE  AND  ALKTLATID  ARTLAMINn.      1997 
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A    a-.^  (i;>^lAy/aiiiifi«    D$rivaliv$9, 

1.  A'MyHft.iM/4lAy<amwi«t.rnmlro6MMe,  CjoH^NHEt.CgH/NO,),. 
— Kthjl*«-DaphthjlAmiD«  wm  prepared  bj  hoating  100  gnuni  of 
a-n«phthjlamiD6,  85  grams  of  ethyl  bromide,  and  230  grama  of  eibjl 
aloobol  on  the  water-bath  in  a  reflux  apparatus  for  7 — 8  hour*.  The 
erytlals  of  the  hydrobromide,  which  separated  on  oooUng,  were  deooa* 
poeed  with  aqneoue  potaeeium  carbonate  and  the  free  baee  extracted 
with  ether,  the  ethereal  solution  being  repeatedly  shaken  with  small 
amounts  of  dilute  sulphuric  acid  in  order  to  remove  any  nnaltered 
primary  baee  until  no  further  precipitate  of  a-napbthyUmine  sulphate 
was  obtained  ;  the  puri6ed  extract,  after  treatment  with  potassium 
carbonate  solution,  was  dried  and  fractionated.  Pure  ethyl  a-naphthyl- 
amine,  which  was  obtained  as  a  pale  yellow  oil  distilling  at  301 — 302^, 
rapidly  tamed  brown  on  exposure  to  light.  The  additive  compound 
was  prepared  by  mixin;^  together  warm  benzene  solutions  of  the  two 
constituents  in  equivalent  quantities ;  the  dark  red  solution  thus 
obtained  deposited  long,  brick-red  needles  which  were  recry stall iaed 
from  glacial  acetic  acid. 

0*2008  gave  25  cc.  moist  nitrogen  at  15°  and  766  mm.     N-  14*71. 
0-5047     „    0-2870.     C,H,(NO^,  =  56  8. 
C,gH„0,N^  requires  N-  14-58  and  C,H,(NO,),  -  554  per  cent 

The  compound  melts  at  153*5 — 154°,*  dissolves  readily  in  bensene, 
acetone,  glacial  acetic  acid,  and  hot  alcohol ;  its  molecular  weight  waa 
determined  by  the  cryoscopic  method  in  benzene  solution. 

01070  in  18-4724  grams  of  solvent  gave  At  0140°.      M  -  202. 
0-0899  „  21-8892      „  „  ,.    A<  01044°.    M-193. 

CjgHj^OaK^  requires  M- 384. 

No  deflnite  acetyl  derivative  could  be  obtained.  When  the  red  com- 
pound was  mixed  with  cold  acetic  anhydride,  the  characterietio  ooloor 
gradually  disappeared,  and,  on  pouring  the  solution  into  water,  a 
cream-coloured  product  was  deposited,  which,  when  crystallised  from 
acetone,  yielded  tri nitrobenzene.  Attempts  to  prepare  an  acetyl  deriva- 
tive  by  the  union  of  trinitrobenxeoe  and  jy-ethylaceto^naphthaUde 
also  proved  unsuooeesfol. 

2.  I>ietht^Hi^mMpMth^lm^»'TrimUrob$Hmiu,  Ci^H^-NEt^C^H/NO,),. 
— Diethylanaphthylamine,  prepared   by  Morgan's  method  (Trans., 

*  All  the  meltiiig  points  girra  in  this  commanicstion  wert  detciTOined  by  th« 
aid  of  short  normsl  thennoin«t«»,  ths  wholt  of  the  stem  bsiag  imawssd  ia  the 
liquid. 
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1900,  77,  823)  and  freed  from  primary  and  secondary  bases  by  distil- 
ling several  times  with  small  amounts  of  acetic  anhydride,  was 
obtained  as  a  pale  yellow  oil  distilling  at  282 — 285°  under  atmospheric 
pressure  ;  it  did  not  show  the  same  tendency  to  darken  as  the  isomeric 
)8-compound.  The  tertiary  base  was  also  prepared  by  heating  a-naph- 
thylamine  hydrochloride  with  ethyl  alcohol  (5 — 6  mols.)  in  sealed 
tubes  at  250°  for  24  hours. 

When  hot  benzene  solutions  containing  molecular  proportions  of  the 
tertiary  base  and  trinitrobenzene  were  mixed,  a  deep  red  coloration  was 
produced,  but  after  a  time  the  solution  deposited  a  considerable 
amount  of  colourless  trinitrobenzene.  The  additive  compound  was 
obtained  by  using  a  large  excess  of  the  base ;  it  crystallises  in  long, 
scarlet  needles,  melts  at  95 — 95*5°,  may  be  crystallised  from  acetic 
anhydride  without  undergoing  any  change,  and  dissolves  fairly 
readily  in  benzene,  acetone,  acetic  acid,  and  hot  alcohol. 

0-2010  gave  238  c.c.  moist  nitrogen  at  17°  and  762  mm.    N=  13*78. 
0-5220     „     0-2619.     C6H3(N02)3  =  50-17. 
CgoHgoOgN^  requires  N  =  13-59  and  CgH8(N02)3  =  51-7  per  cent. 

3.  Dimethyl-a-iiaphthylamine  s-THnitrohenzene, 
C„,H,NMe„CeH3(N02),. 
— Dimethyl-a-naphthylamine,  prepared  by  Friedlander  and  Welmann's 
method  (Ber.,  1888,  21,  3124),  was  obtained  as  a  colourless  oil  dis- 
tilling at  271°  under  atmospheric  pressure. 

An  almost  theoretical  yield  of  the  additive  compound  was  obtained 
by  mixing  together  warm  benzene  solutions  of  the  two  constituents  in 
molecular  proportion ;  the  product  slowly  separated  in  orange-red 
needles  melting  at  105 — 107°  ;  it  dissolved  readily  in  acetic  acid, 
benzene,  or  hot  alcohol. 

0-2534  gave  31 '4  c.c.  moist  nitrogen  at  14°  and  7635  mm.    N-14  65. 
0-5268     „     0-2908.     CaH3{N02)8-55-2. 
0-5110     „    0-2829.     C«H3(N02)3-55-3. 
CigHijO^N^  requires  N-  14-58  and  CgH3(N02)s  =  55-4  per  cent. 

The  additive  compound  was  quite  stable  in  the  presence  of  acetic 
anhydride,  and  after  boiling  with  4  parts  of  this  reagent  for  4 — 5 
hours  it  separated  again  on  cooling  in  crystals  melting  at  105 — 106°. 

The  molecular  weight  was  determined  by  the  cryoscopic  method  in 
acetic  acid.  01363  gram  in  13*13  grams  of  solvent  gave  At-0-27^ 
M  -  188*3.     OjgH,jOjN^  requires  M  -  384. 
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1.  iMy^^  nafiJUAi/^mtiM  ■•TVmOfvftmMiii.OioH.'N 

— The  •thyl/S naphthylaimoe,  prepared  by  O.  Fitoher't  method  (B^r.. 
1893,  20^  193),  wms  obtained  as  a  practically  oolonrleis  oil  diitilling 
at  Stt^  imder  102  mm.  preMore;  it  darkened  on  keeping.  TIm 
additiT*  oompoand  waa  prepared  in  the  usual  manner  by  mixing 
benaene  solutions  containinf^  molecular  quantities  of  the  two  oon- 
•tiioMita.  A  deep  blui»h-red  solution  was  thus  obtained  from  whieh 
giiftaning,  blaek,  rhombic  prisms  were  deposited.  These  melted  at 
106^,  crystallised  unchanged  from  acetic  scid,  and  dissolved  readily  in 
meet  organic  solvents. 

0*1966  gave  84*4  cc.  moist  nitrogen  at  15^  and  761  muL     N  - 14  56. 
0  5412     „    0*3108.     C,H,(NO,),-57*4. 

C,gHi,OjN^  requires N - 1458  and  CjH,(NO,),  =  55*4  per  cent 

2.  Jf-Eik^laeiUhp-napkihalid^  a-TriniiroUnuns, 

C,oH,*NEtAcCeH,(NO,),. 
— ^Two  grams  of  ethyl-/3-Daphthylamine  trinitrobeozene  were  shaken 
in  the  cold  with  excess  of  acetic  anhydride  for  about  5 — 10  minutes. 
As  soon  as  the  characteristic  red  colour  was  completely  destroyed,  the 
mixture  was  poured  into  water  and  left  for  several  hours ;  the  yellow, 
crystalline  solid  was  then  collected  and  dried  at  the  ordinary  tempeia- 
ture  and  extracted  with  cold  carbon  disulphide.  A  small  residue  of 
eolourless  trinitrobenzene  was  obtained,  and  the  solution,  when 
allowed  to  evaporate  at  the  ordinary  temperature,  deposited  sulphur- 
yellow,  gUfiteniog  prisms  melting  at  77 — 78°. 

Extremely  well-developed  crystals  were  obtained  when  the  erode 
product  was  dissolved  in  cold  acetone  and  the  solvent  allowed  to 
evaporate  at  the  ordinary  temperature. 

0*2198  gave  25*0  cc.  moist  nitrogen  at  12^  and  748*5  mm.     N  - 13*3. 
O^HjgOyN^  requires  N  - 13  14  per  cent 

The  same  compound  was  also  obtained  when  acetone  solutions  of 
trinitrobenzene  and  3^-ethylaceto-/3-naphthalide  meltiog  at  50—52^ 
were  mixed  and  the  solvent  allowed  to  evaporate. 

This  acetyl  derivative,  unlike  the  other  additive  eonpoiuide,  was 
found  to  be  relatively  unstable,  and  when  dissolved  in  warm  benaeDe 
or  alcohol  was  resolved  into  its  components,  the  solution,  on  cooling, 
depositing  crystals  of  triDitrobenzena 

3.  Dtethyi-fi-napkihylaminsB-Triniirobenzent,  Cj^H,*NEtyCgH,(NO^,. 
—The  diethyl-^naphthylamine  was  obtained  by  Morgan's  method  as 
a  practically  colourless  cdl  distilling  at  3 1 S"  under 


1340      HIBBERT  AND  8UDB0R0UGH  :   ADDITIVE  COMPOUNDS   OF 

it  rapidly  turned  brown  and  acquired  a  deep  violet  fluorescence. 
Black,  lustrous  prisms  of  the  additive  compound  were  obtained  on 
mixing  benzene  solutions  of  the  constituents  in  molecular  proportions  ; 
the  product  crystallised  unchanged  from  glacial  acetic  acid,  melted  at 
116°,  and  dissolved  readily  in  most  organic  solvents.  Prolonged 
boiling  with  acetic  anhydride  did  not  decompose  this  additive  com- 
pound, and  it  remained  unchanged  when  subjected  to  the  Schotten- 
Baumann  reaction. 

0-2305  gave  27*3  c.c.  moist  nitrogen  at  18°  and  762  mm.     N  =  13*7. 
0-5214     „     0-2612.     CgH3(NO2)3«=50'l. 
CjoHgoOgN^  requires  N  =  13-6  and  CeH3(N02)3  =  51-7  per  cent. 


Action  of  Methyl  Alcoholic  Potash  on  ilie  Additive  Compounds. 

It  has  been  previously  shown  (Trans.,  1901,  79,  528)  that  cold 
methyl  alcoholic  potash  decomposes  a-  and  )3-naphthylamine  trinitro- 
benzenes,  yielding  Lobry  de  Bruyn's  compound, 

CeH3(N02)3,MeOK,^H20  (K  =  13-3  per  cent). 

The  action  of  the  same  reagent  on  dimethyl-a-naphthylamine  and  on 
diethyl-/3-naphthylamine  trinitrobenzenes  has  also  been  investigated. 
The  compounds  were  dissolved  in  benzene,  the  solutions  cooled  down 
to  about  -  10°,  when  part  of  the  benzene  solidified,  and  then  the 
theoretical  amount  (1  mol.)  of  potassium  hydroxide  dissolved  in  pure 
methyl  alcohol  was  slowly  added. 

At  the  low  temperature,  very  little  action  occurred,  but  as  the 
temperature  rose  a  dark  brown  product  was  formed.  This  was  removed 
when  the  temperature  was  about  0°,  washed  with  methyl  alcohol  and 
benzene,  and  then  dried  and  analysed.  The  percentage  of  potassium 
found  in  each  case  was  12-9.  The  product  had  all  the  properties  of 
Lobry  de  Bruyn's  compound,  and  it  appears  highly  probable  that 
these  compounds  of  trinitrobenzene  and  tertiary  bases  are  decomposed 
by  methyl  alcoholic  potash  in  the  same  manner  as  the  compounds 
of  trinitrobenzene  with  the  naphthylamines  themselves. 


Benzo-a-naphthalids  B'Trinitrobenxene,  CioH7*NH«COPh,CaH3(NO,)s. 

It  has  already  been  shown  that  a-naphthylamine  trinitrobenzene 
yields  a  monoacetyl,  but  not  a  diacetyl  derivative  (Trans.,  1901,  79, 
522) ;  a  monobenzoyl  derivative  has  now  been  obtained  by  the  aid  of 
the  Schotten-Baumann  method ;  the  product  crystallises  from  carbon 
tetrachloride  in  brilliant,  yellow  needles  melting  at  131 — 132®. 


B-TRINITROBINZKNC  AND  AMCTLATKD  ARTLAMlNtM       IHil 


TIm  mbm  oiMipoiind  wat  producod  by  mixing  akoiiolk  •ftiqUooa  of 
irinitrobMkatne  and  benio^-Daphthalide. 

0*3504  gaT«  23*8  c.c.  moist  nitrogen  at  13*8^  and  758*3  mm.  N-13'14. 
C^Hj^OyN^  roqairot  N- 13*17  por  omt. 


Throe  grama  of  a-naphthylamine  trinitrobenieno,  1*8  grami  of 
freahly  ignited  magnesia,  and  30  grams  of  ethyl  iodide  were  boiled  for 
16  hours  in  a  reflux  apparatus ;  the  excess  of  ethyl  iodide  was  remored 
by  distillation  and  the  residue  extracted  with  hot  alcohol.  As  the 
solution  cooled,  1*3  grams  of  reddish-brown  crystals  melting  at 
147 — 153^  were  obtained,  and  a  further  quantity  (1*4  grams)  melting 
at  about  145^  separated  from  the  mother  liquor.  The  two  fractions, 
frhen  crystallised  together  from  alcohol,  yielded  dark  reddish -brown 
needles  of  ethyl-a-naphthylamine  trioitrobenxene  melting  at  153^  So 
far  it  has  not  been  found  possible  to  obtain  the  diethyl  compound  by 
the  alkylation  of  a-naphthylamine  trinitrobenzene  in  the  presence  of 
magnesia. 

The  results  of  similar  experiments  carried  out  according  to  the 
Pnrdie-Lander  method  of  alkylation  were  not  at  all  latisfaetory,  as 
the  silver  oxide  appears  to  oxidise  the  basic  part  of  the  moleeiile,  oon- 
Terting  it  into  black,  resinous  substanoet. 


Compoundi  qf  Triniirobenzint  wUh  AUcylaUd  AnUmu, 

The  compounds  formed  by  the  union  of  trinitrobenxene  and  mono- 
and  di-alkyUted  anilines  (compare  Hepp,  loe,  eil.)  are  fomewhat 
difficult  to  prepare,  as  they  readily  decompose  into  their  components 
when  crystallised  from  the  ordinary  solvents.  In  all  cases,  it  is 
neeesMury  to  employ  a  large  excess  of  the  base,  as  otherwise  unaltered 
trinitrobenzene  crystallises  out.  In  some  cases,  the  only  praetieable 
method  of  preparation  is  to  dissolve  the  trinitrobensene  in  an  eoBoess 
of  the  base  and  allow  the  additive  compound  to  crystallise.  The  oom* 
pounds  of  this  series,  when  exposed  to  the  air  for  eone  time,  even  at  the 
ordinary  temperature,  give  up  the  base  and  leave  n  pnelieeUy  eoloor- 
less  residue  of  trinitrobenzene. 

The  compounds  we  have^repared  are : 

(1)  Mitk^mMikM  94Hmiir9b$mmm,  dark  red  needles  melting  at 
81—82°. 

(2)  DimtihyUmiUm  %4nminih$mMn€,  purple-black,  prinnatie  needlet 
melting  at  108—109^. 

VOL.  LXXXIII.  •*   X 


1342    FRANKLAND  AND  ORMEROD :  THE  INFLUENCE  OF 

(3)  Ethylaniline  B-triniti'obenzene,  dark  red  needles  melting  at 
55—56°. 

(4)  Diethylanilin«  B-trinitrohenzene,  black  prisms  melting  at 
42—42-5°. 

We  wish  to  acknowledge  our  thanks  to  the  Grant  Committee  of  the 
Chemical  Society  for  financial  assistance,  and  to  the  firm  of  Messrs. 
Levinstein,  Limited,  for  a  gift  of  a-  and  )3-naphthylamines. 

Chemical  Laboratories, 

University  College  of  AVales, 
Aberystwyth. 


CXXIX. — The  Injluenee  of  Cyclic  Radicles  on  Optical 
Activity  :  Tartaric  ar-  and  SLC-Tetr'ahydro-ff-naphthyl- 
amides,  Furfnrylamide,  and  Fiperidide. 

By  Percy  Faraday  Feankland  and  Ernest  Ormerod,  M.Sc. 

In  the  extended  investigation  on  the  relative  rotatory  effect  of 
different  groups,  on  which  one  of  us  has  been  engaged  for  a  number 
of  years  past,  one  of  the  methods  of  comparison  employed  has  consisted 
in  introducing  the  various  radicles  under  examination  into  the  amido- 
group  of  optically  active  amides  (P.  F.  Frankland,  Wharton,  and  H. 
Aston,  Trans.,  1901,  79,  266). 

The  present  communication  deals  with  the  rotatory  influence  of  the 
partially  reduced  naphthalene  rings,  the  furfuryl,  and  the  piperidine 
groups ;  it  includes  a  description  of  the  preparation  and  properties  of 

(1)  Tartaric  di-ar-tetrahydro-/8-naphthylamide. 

(2)  „        di-ac-tetrahydro-^-naphthylamide. 

(3)  „        difurfurylamide. 

(4)  „        dipiperidide. 

The  simpler  substitution  derivatives  of  tartramide  form  the  subject 
of  the  succeeding  communication. 

The  results  of  the  present  investigation  are  intimately  connected 
with  those  recently  recorded  by  Rupe  in  his  comprehensive  and 
important  paper  **  Ueber  den  Einfluss  der  Kohlenstoffdoppelbindung 
Auf  das  Drehungsvermogen  optisch  activer  Sub8tan2en"  {Annalen, 
1903,  327,  157),  which  only  appeared  after  the  greater  part  of  our 
work  had  been  completed. 

In  order  to  ascertain  the  i*elative  rotatory  effects  of  the  aromatic  and 
alioyclic  riogn,  we  have  comptred  the  rotations  of  tartaric  a*naphthyl- 
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amid*,  /f-naphlhyUiiiid^  ar4«trahjdn>-/3-Daphth7lami<l«,  and  o^Utra* 
hjrdio-/3*BapbUijlaaiid«,  all  of  whioh  w«rt  itottrmintd  in  pjridUM 
dolnlioii  with  Um  following  retulu : 

cur  ,       [ur 

Tutario    di-a-Daphthyl-  j  Tartaric  di-or-toiraSydro- 


amide +400® 

Tartano'  di/Snaphihyl- 


/SnapbthjUmido   +BiO^ 

TarUrio  di-<ic-t«trahjdro- 
+  1160    I       /S-oaphtbjUmide    +240 

figuTM  tlu>w  that  the  rotatory  effect  of  the  aaphihatone  niioUat 
▼arki  greatly  (a)  according  as  it  it  attached  to  the  amlnio  nitrogeo  by 
the  tf  or  the  /S^tom  of  carbon,  and  (6)  according  aa  to  which  beniene 
ring  of  the  tetimhydronaphthalene  nudeos  is  reduced. 

It  has  been  shown  by  Slator  and  one  of  us  that  the  substituted 
tartramides  containing  aromatic  radicles  have  much  greater  deztro- 
rotations  than  those  containing  fatty  groups ;  we  should  anticipate, 
therefore,  that  the  ar*tetrabydro-/3-Qaphthylamide  would  have  a 
rotation  of  tbe  same  order  as  /3-naphthyUmide,  whilst  that  of  the 
ac-tetrahydro-/3-naphthylamide  should  approximate  to  the  rotation  of 
tartramide  substituted  by  fatty  radicles.  This  is  actually  found  to  be 
the  oaae^  for  the  molecular  rotation  of  tartaric  ar-tetrshydro-^ 
naphthylamide  is  less  than  that  of  /S-uapbthyUmide  itself,  but  greater 
than  that  of  tartaric  f>-toluidide  ([M]?*-  +793^),  whilst  the  molecular 
rotation  of  tartaric  ae-tetrahydro-/3-naphthylamide  is  even  lees  than 
that  of  either  tartaric  methylamide  ([M]?'«  +278^)  or  ethylamide, 

([M]y=+27n 

It  has  been  shown  by  F.  W.  Aston  and  one  of  us  (Trans.,  1901,  70, 
514)  that  the  rotatory  effect  of  the  pyromucyl  group  is  very  similar  to 
that  of  the  bensoyl  and  toluyl  groups,  which  implies  that  the  rotatory 
effects  of  the  furfuran  and  bensene  rings  must  doeely  reeemble  each 
other ;  it  would  be  anticipated,  therefore,  that  tartaric  furfurylamide 
ahoold  poeeosn  a  molecular  rotation  similar  to  that  of  the  bensylamide. 
Thia  was  actually  found  to  be  the  ease,  the  rotations  of  the  two  being 
practically  identical ;  thus,  in  pyridine  solution  : 

[Mir. 

Tartaric  dif urf uryUmide +  300—507® 

„       dibenzyUmide  +300° 

By  way  of  commencing  tbe  study  of  optically  active  amides 
derivable  from  secondary  amines,  we  have  prepared  tarlarie  dtpiper- 
idide,  which  proved  to  be  praetieally  inactive  in  a  S  per  eenk  tolntion 
of  pyridine  or  aniline. 

That  a  diminution  in  the  moleeular  rotation  should  take  place  when 
both  instead  of  only  one  atom  of   hydrogen  in  the  KH   group  are 

4X2 
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replaced  wag  to  be  expected  in  view  of  Forster's  results  with  the 
mono-  and  di-substituted  bornylamines  (Trans.,  1899,  75,  936).  It  was, 
however,  not  to  be  anticipated  from  these  results  that  the  rotation  of 
the  piperidide  would  actually  fall  below  that  of  tartramide  itself. 

The  further  investigation  of  this  and  similar  amides  is  being  con< 
tinned  by  one  of  us. 

Experimental. 

Tartaric  Di-SLr-ietrahydro-p-naphthi/lamide. 

The  or-tetrahydro-^-naphthylamine  was  prepared  by  Clarence 
Smith's  improvement  {Theaia,  University  of  London^  1903)  on  Bam- 
berger's method  {Ber.y  1890,  23,  882) ;  a  process  which  depends  on  the 
fractional  crystallisation  and  subsequent  hydrolysis  of  the  acetyl 
derivative  of  the  crude  aromatic  base  obtained  by  the  reduction  of 
)S-naphthylamine  by  means  of  sodium  in  amyl  alcohol  solution.  The 
corresponding  tartaric  ar-tetrahydro-^-naphthylamide  was  prepared  by 
the  action  of  the  base  on  methyl  tartrate  as  well  as  on  free  tartaric 
acid. 

Methyl  tartrate  (1  mol.)  and  the  aromatic  base  (2  J  mols.)  were  heated 
together  for  5  hours  in  an  oil-bath  at  140°.  The  dark  coloured  product 
was  extracted  with  alcohol,  the  solution  boiled  with  animal  charcoal, 
and  filtered ;  the  solid  which  separated  on  cooling,  after  being 
repeatedly  crystallised  from  alcohol,  melted  sharply  at  186°  without 
decomposition. 

0-2424  yielded  14*6  c.c.  moist  nitrogen  at  14°  and  7465  mm.     N  =  696. 
Cg^HggO^Ng  requires  N  =  6*86  per  cent. 

The  substance  readily  crystallises  in  colourless,  clustered  needles 
from  either  absolute  or  dilute  alcohol ;  it  is  moderately  soluble  in  cold 
alcohol  and  more  so  in  the  hot  solvent.  Although  insoluble  in  water,  it 
dissolves  in  benzene,  toluene,  ethyl  acetate,  glacial  acetic  acid,  and  is 
extremely  soluble  in  pyridine. 

The  following  polarimetric  results  were  obtained : 

Rotation  qf  Tartaric  Di-dkr-tetrahydro-fi-naphthylamide. 
(Prepared  from  methyl  tartrate.) 

Pyridine  solution.     Temp. « 20°,     Length  of  tube-  199-89  mm. 
Per  cent. 


8olution=;». 

d  2074*. 

•r- 

[«]r- 

[Mlf. 

1-379 

0*9810 

+  6-60° 

+  203-4° 

+  830O 

3-266 

0-9868 

1313 

204-6 

834 

3-300 

0-9872 

13-38 

206-6 

838 

4-427 

0-9897 

18-03 

206-9 

840 

CTCUC  RADICLI8  OK  OPTICAL  ACTIVITY.  1345 

TIm  tulMUoM  WM  also  preparwl   by  btaiing  frM  UrUrifl  idd 

(1  mol.)with  the  Imm  (2  mols.)  in  an  oil-bnth  at  130— UO<*ror  6 
hours ;  ihe  further  treatment  was  exaotlj  similar  to  that  deteribcd 
aboTe;  the  crystals  obtained  also  melted  at  186^ 

A  pyridine  solution  gave  the  following  polarimetric  rssultn  : 


.p- 

d  2074*. 

•r 

[•ir- 

IMlf. 

2-517 

0-9841 

+ 1007*' 

+  203-4« 

+  830* 

Thus  the  products  obtained  by  the  two  different  methods  of 
preparation  gave  practically  identical  results,  affording  strong 
presumptive  evidence  against  any  racemisation  having  taken  place. 


Tartaric  Di-tLC-ietrahydro-p-naphthylamide. 

The  a€-tetrahydro-/3-naphthylamine  was  prepared  by  Bamberger's 
method  {Ber.,  1888,  21,  850). 

After  numerous  trials,  the  following  process  was  found  to  be  the 
most  satisfactory  for  the  preparation  of  the  amide.  Ethyl  tartrate 
(1  moL)  and  ac-tetrahydro-)3-naphthyIamine  (2 J  mols.)  were  heated 
together  in  an  oilbath  for  12  hours  at  140— 145^  On  cooling,  the 
mixture  solidified  to  a  brown,  brittle  mass,  which  was  powdered 
and  boiled  with  very  dilute  hydrochloric  acid  in  order  to  remove 
any  unaltered  base.  The  alcoholic  solution  of  the  residue  was 
heated  with  animal  charcoal  for  2  days,  then  filtered  and  poured  into 
water,  the  yellow,  amorphous  precipiiate  being  dried  and  digested  with 
ether  free  from  alcohol.  This  treatment  removed  almost  the  whole  of 
the  remaining  colouring  matter,  and  the  powder,  which  was  now 
almost  white,  was  crystallised  6  or  7  times  from  alcohol,  and  then 
from  a  mixture  of  alcohol  and  pyridine.  Finally,  it  was  extracted 
with  cold  pyridine,  which  dissolved  almost  the  whole  and  left  only  a 
small  quantity  of  substance  melting  at  255—260*'.  The  pyridine 
eolation  was  evaporated  and  the  residue  recrystallised  from  alcohol. 

The  subetance  so  obtained  is  a  white,  micro^rystalline  solid  melting 
at  221°  without  decomposition.  It  is  insoluble  in  water,  ether,  and 
benzene,  slightly  soluble  in  boiling  alcohol,  and  moderately  so  in 
pyridine. 

01342  yielded  7*95  c.c.  moist  nitrogen  at  12^  and  764  mm.     N  m  7-07. 
C^H^O^N^  requires  N-6-86  per  cent. 
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notation  of  Tartaric  Di-a,ctetrahydro-P'naphthylamide. 
(Prepared  from  ethyl  tartrate). 

Pyridine  solution.     Temp.  =  20°.     Length  of  tube  - 199 '89  mm. 


Per  cent. 

solution  =jp. 

d  2074'. 

«?- 

[«]f. 

[M]f. 

0-951 

0-981 

+  1-08° 

+  57-9° 

+  236° 

1-996 

0-983 

2-31 

58-9 

240 

2-173 

0-986 

2-50 

58-4 

238 

The  tartaric  di-ac-tetrahydro-)8-naphthylamide  was  also  prepared  by 
heating  together  tartaric  acid  (1  mol.)  and  the  alicyclic  base  {2{  mols.) 
in  an  oil  bath  at  160°  for  10—12  hours.  The  amide  was  extracted  in 
the  manner  described  above,  but  the  yield  was  much  inferior;  the 
purified  product  melted  at  220—221°  and  exhibited  the  following 
rotation  in  pyridine  solution  : 

p.  ^2074'.  a/.  [«]».  [M]f. 

1-881  0-983  +2-19°  +591°  +241° 

The  products  obtained  by  both  methods  of  preparation  had  thus 
practically  the  same  rotation. 

Tartaric  Di/ur/urylamide. 

The  furfurylamine  was  prepared  by  the  reduction  of  f urfuraldoxime 
with  sodium  amalgam  in  alcoholic  solution  in  the  presence  of  acetic 
acid  (Goldschmidt,  Ber.,  1887,  20,  730). 

Furfuraldoxime  was  first  prepared  by  Odernheimer  {Ber.t  1883,  16, 
2988),  by  the  interaction  of  furfuraldehyde  and  hydroxylamine  at  a 
moderate  temperature,  as  a  substance  crystallising  from  ligroin  in 
needles  melting  at  45 — 46°,  but  on  boiling  its  alcoholic  solution  with 
hydroxylamine  hydrochloride,  the  melting  point  is  raised  to  89°. 
Goldschmidt  (loc.  cit.)  obtained  the  aldoxime  of  melting  point  89® 
directly  by  boiling  an  alcoholic  solution  of  furfurol  with  free 
hydroxylamine  for  one  hour. 

Goldschmidt  and  Zanoli  (Ber.,  1892,  25,  2573)  have  further  shown 
that  the  compound  melting  at  89°  is  the  «yn-f urfuraldoxime,  that  the 
ana'-aldoxime  melts  at  73 — 74°,  and  that  the  product  melting  at 
45 — 46°  is  a  mixture  of  the  two. 

On  employing  Goldschmidt's  method,  however,  we  always  obtained 
a  beautifully  crystalline  product  melting  at  60 — 70°,  even  after  6  or 
7  crystallisations  from  ligroin,  and  thus  showing  that  both  syn-  and 
an/t  aldoximes  were  still  present  On  treating  this  product,  however, 
with  hydrochloric  acid,  decomposing  the  resulting  hydrochloride  with 
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oaOAtio  Mda,  and  Umd  erytUdluing  from  ligroin,  ib«  fyiMUdoiim*  wm 
oblaiMd  with  a  tbarp  BMltiDf  poini  of  89**,  Um  MaMtldozinM  haTiiif 
bMB  oooT«rUd  into  ibo  fsfi^-oompoaiid  in  Um  prncmi 

UltimAtelj  wo  adopted  tho  following  mothod  of  profMiration  : 
furfuraldehydo  (I  mol.)  was  heated  with  an  aloohoUo  eolation  of  free 
hydroxjlamioe  (1|  moU.)  on  the  weter^bath  for  3^3  boon,  after 
which  the  alcohol  waa  evaporated  and  the  black  reeidoe  extracted 
eeveral  times  with  boiling  ligroio.  The  crystals  deposited  from  the 
ligroin  extract  were  twioe  distillod  under  reduced  preesure,  with  a  riew 
to  conrerting  any  anti-  into  «yi»-aldoxime,  end,  after  recrystallising 
from  ligroin,  the  pure  »ynf  urfnraldoxi  me  was  at  once  obtained,  melting 
at  89^ 

The  syi»>farfuraIdoxime  was  reduced  to  the  amine  by  the  method 
indicated  by  Qoldschmidt :  15  grams  of  the  oxime  were  dissolTed  in 
300  grams  of  absolute  alcohol,  and  700  grams  of  2}  per  cent,  sodium 
amalgam  were  added  in  small  quantities  at  a  time,  the  liquid  being 
kept  add  by  the  addition  of  glacial  acetic  acid,  of  which  altogether 
abont  60  grams  were  required,  whilst  the  temperature  was  throughout 
maintained  at  35 — 30**.  The  reduction  being  complete,  water  was 
added  and  most  of  the  alcohol  driven  off  on  the  water-bath ;  the 
residual  liquid  was  then  extracted  with  ether  to  remove  some  restnons 
matter,  oaostio  soda  being  added  to  set  free  the  amine,  which  was  then 
extraoted  with  ether.  The  ethereal  solution  was  dried  and  the 
furfurylamine  fractionated ;  the  yield  was  40  per  cent,  of  the 
theoretical. 

The  tartaric  difurfuryUmide  was  prepared  as  usual  both  by  action 
of  the  amine  on  the  ester  as  well  as  on  free  tartaric  acid« 

Ethyl  tartrate  (1  mol)  and  furfurylamine  (2|  mols.)  were  heated 
together  for  6  hours  at  130—140^  in  an  oilbUb.  The  dark-coloured 
xesidae  was  boiled  with  water  and  filtered.  The  crystals,  which 
separated  on  cooling  the  filtrate,  were  collected,  dissolved  in  water, 
and  the  solution  boiled  with  animal  charcoal  until  ooloorlesi.  The 
product  crystallising  from  the  colourless  solution  was  further  crystal- 
lised several  times  from  water.  The  tartaric  difurfuryUmide  thus 
obuined  separated  in  beautiful,  colonrless  plates  melting  sharply  at 
179^;  it  is  easily  soluble  in  hot,  bat  only  slightly  in  cold  wat«r,  very 
easily  soluble  in  pyridine,  and  moderately  so  in  alcohol  and  in  ethyl 
acetate.  The  amide  readily  dissolvee  in  cold  aqaeoas  caastic  potash, 
being  repredpitated  on  the  addition  of  adds,  but  when  boiled  with 
caustic  potash  solution  or  with  hydrochloric  acid  it  is  rapidly  hydro- 
lyaed  with  the  formation  of  tartaric  add  and  f  urf aryUmine. 

0  2408  yielded  18  2  cc  moist  nitrogen  at  14**  and  758  mm.   N  ->  8*87. 
C,^H„O^N,  requires  N  -  909  per  cent. 
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The  following  polarimetric  results  were  obtained  in  pyridine 
solution : 

Rotation  of  tartaric  difurfurylamide  (prepared  from  ethyl  tartrate). 
Temp.  20°.     Length  of  tube  =  199-89  mm. 


Per  cent, 
solution  =/). 

0-9182 

d  2074°. 
0-980 

+  1-75° 

[air. 

+  97-3° 

[Mir. 
+  300° 

3-013 

0-988 

5-85 

98-3 

303 

4-883 

0-992 

9-62 

99-4 

306 

The  tartaric  difurfurylamide  was  also  prepared  by  heating  together 
finely  powdered  tartaric  acid  (1  mol.)  and  furfurylamine  (2  J  mols.)  for 
6  hours  at  140—150°  in  an  oil-bath.  The  resulting  black  mass  was 
dealt  with  in  the  manner  described  in  the  foregoing  preparation,  a 
similar  product  melting  at  178 — 180°  being  obtained;  the  yield  was, 
however,  much  less  satisfactory.  This  preparation  gave  the  following 
polarimetric  results  in  pyridine  solution : 


p- 

d  2074'. 

«f. 

[air 

[M]r. 

M36 

0-981 

+  2-17° 

+  97-4° 

+  300° 

3-806 

0-9898 

7-50 

99-6 

307 

Identical  rotations  were  thus  obtained  with  the  furfurylamide  pre- 
pared by  the  two  different  methods. 

Tartaric  Dipiperidide  — Ethyl  tartrate  (1  mol.)  and  piperidine 
(2i  mols.)  were  heated  together  for  5  hours  at  140 — 150°  in  an  oil-bath. 
On  cooling,  the  mass  became  very  viscid,  and  yielded  crystals  when 
left  overnight.  The  unchanged  piperidine  was  extracted  with  a  little 
water;  the  crystals  were  collected,  dissolved  in  benzene,  and  the 
Bolulion  boiled  with  animal  charcoal  until  colourless.  After  a  few 
crystallisations  from  benzene,  very  fine,  small,  colourless  needles  were 
obtained  melting  at  189 — 190°:  these  were  moderately  soluble  in  hot, 
but  only  slightly  in  cold  water,  soluble  also  in  alcohol  and  in 
pyridine. 

0-1696  yielded  14*5  c.c.  moist  nitrogen  at  11°  and  753  mm.   N-  lO'l. 
^H^aA^s  requires  N  —  9-8  per  cent. 

A  3  per  cent,  solution  in  pyridine,  even  when  examined  in  a 
200  mm.  tube,  was  found  to  be  almost  inactive,  as  was  also  a  solution 
of  similar  strength  in  aniline. 

Th«  Univkrhitt, 

RltlMINOIIAM. 
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CXX\'.  -Tlkc  Lijluenoe  of  Various  Substu..<,.u  on  the 

Optical  Activity  of  Tartramide. 
Bj  Pbict  Faraday  Fbajiblaiid  and  Artbce  Slatob,  M.8c.,  Ph.D. 

Tbis  rtteareh  forms  a  part  of  the  ■jattmaiio  jpYillgation  which  it 
baing  oarried  out  by  one  of  us  on  the  rotatory  power  of  optically 
aetiTa  amtdea  and  their  substitution  products  (see  P  F  Fmnkland, 
P.  M.  Wharton,  and  U.  Aston,  Trans.,  1901,  70,  266 

In  this  part  of  the  inyestigatioo,  various  subiititutod  amidat» 
(CHOH)j(CONUR)j  of  tarUric  acid  have  been  prepared  and  tb«r 
rotation  observed  in  solution,  the  primary  object  being  to  asoertain  the 
influence  on  optical  rotation  of  the  various  radicles  H.  Some  of  theee 
amides  have  been  prepared  before,  but  with  the  exception  of  the 
toluidides  and  anilide  their  rotations  have  not  been  determined. 

P.  A.  Guye  and  A.  Babel  {Arek,  Sei,pky$.  fiol.,  1899,  [iv],  7,  34)  have 
published  determinations  of  the  anilide  and  toluidides  in  pyridine 
solutioos  of  5  per  cent,  concentration,  but  the  figures  given  diSer 
considerably  from  those  recorded  in  this  paper,  and  these  discrepanoies 
are  discussed  later  (p.  1352).  The  following  is  the  general  method  of 
preparation  :  the  amine  (2  mols.)  is  heated  with  tartaric  acid  or 
methyl  tartrate  (1  mol.)  either  directly  or  in  aloohoUc  solution.  The 
yields  are  good,  and  the  resulting  amides  are  pnrified  by  crystallisa- 
tion from  a  suitable  solvent  until  the  melting  point  is  constant.  In 
general,  the  amides  are  white,  somewhat  insoluble  substancas,  usually 
crystallising  in  needles  or  flat  plates  ;  they  melt  at  high  temperaturss, 
undergoing  more  or  less  decomposition. 

The  methyl  ester  was  obtained  by  the  method  of  preparation  described 
by  P.  F.  Frankland  and  F.  W.  Aston  (Trans.,  1901,  70,  517);  when 
distilled  in  vacuo  and  crystallised  from  benzene  and  ligroin,  it  had  a 
roUtiono}r-+7-79^ 

The  aromatic  amides,  which  were  only  slightly  soluble  in  the  com- 
moner solvents  at  the  ordinary  temperature,  dissolved  fairly  readily  in 
cold  pyridine.  The  amide  and  the  hydrazide  were  the  only  two 
derivatives  which  ware  practically  insoluble  in  pyridine,  and  thair 
rotations  were  detarmioad  io  aqoeoos  solution. 

The  compounds  were  recrystalltsed  until  they  were  optically  constant, 
and  the  roUtions  were  then  determined  at  various  concentrations  by 
means  of  a  Laurent  half-stiadow  poUrimatar.  The  length  of  the  Ube 
was  usually  100  mm.  for  strong  solutions  and  800  mm.  for  dilata  solu- 
tions ;  the  tube  was  surrounded  by  a  water-Jackai  with  an  arrangemant 
for  obtaining  a  constant  temperature,  and  the  rotations^  saoospfc  wbare 
otherwise  stated,  were  determined  at  20^. 
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The  pyridine  used  for  the  rotation  was  Kahlbaum's  ^' gereinigt/' 
which  was  dried  with  lime  or  caustic  potash  and  distilled.  This  base 
is  a  remarkably  good  solvent  for  many  organic  substances  and,  as 
has  been  shown  (W.  R.  Innes,  Trans.,  1901,  79,  261)  by  ebuUio- 
scopic  observations,  the  compounds  are  not  associated  in  solution. 
The  molecular  weight  of  tartaric  p-toluidide  as  determined  by  the 
rise  in  boiling  point  of  pyridine  solutions  was  331,  330,  and  354  with 
concentrations  of  1*23,  2*42,  and  3*67  grams  per  100  grams  of  the 
solvent,  the  normal  molecular  weight  being  328. 

Pyridine  is  a  strongly  dissociating  solvent  as  compared  with  other 
organic  liquids,  and  its  effect  on  the  specific  rotation  of  optically 
active  substances  at  various  concentrations  has  not  hitherto  been 
determined.  It  will  be  seen  that  for  low  concentrations  the  specific 
rotation  is  in  most  cases  constant.  Ethyl  tartrate  in  pyridine  solution 
(now  being  examined  by  one  of  us)  gives  a  specific  rotation  which  is 
almost  constant  up  to  10  per  cent.  This  constant  is  about  8  times  as 
large  as  the  specific  rotation  of  the  pure  ester,  and  also  several  times  larger 
than  that  determined  in  any  other  solvent  (alcohol,  water,  &c.),  even 
at  the  highest  dilution.  In  the  case  of  the  amides,  again,  it  is 
noticeable  that  water  and  alcoholic  solutions  generally  give  lower 
rotations  than  pyridine  solutions. 

Most  of  tihe  amides  of  rf-tartaric  acid  have  very  high  positive  rota- 
tions, and  the  appended  list  (p.  1367)  gives  a  comparison  of  their  mole- 
eular  rotations.  Tartramide  has  a  positive  molecular  rotation  of  nearly 
160°  in  water  solution  and  about  210°  in  methyl  alcohol  solution. 
With  the  exception  of  the  phenylhydrazido,  the  substituted  amides 
hitherto  examined  have  a  higher  molecular  rotation.  Aromatic  groups 
(such  as  toluidide,  anilide,  naphthylamide)  raise  the  rotation  very  con- 
siderably, whereas  the  effect  of  the  aliphatic  radicles  (such  as  ethyl- 
amide  and  methylamide)  is  smaller. 

The  dextro-iuduence  of  the  anilide  and  toluidide  groups  is  as 
follows  :  p-toluidide  >  w-toluidide  >  anilide  >  o-toluidide.  The  otoluidide 
is  considerably  lower  than  the  others.  It  is  noticeable  that  in  the 
substitution  of  hydroxy-groups  by  benzoyl  and  the  three  toluyl 
groups  it  has  been  found  that  the  dextro-influence  is  in  the  order 
/>-toluyl>mtoluyl>o-toluyl,  whilst  the  relative  position  of  the  benzoyl 
group  varies  in  different  substances  (P.  F.  Frankland,  Trans.,  1899, 
76,  345).  The  same  order  is  noticed  in  the  isomeric  toluidides  as 
given  above,  whilst  the  m-toluidide  and  anilide  have  almost  identical 
molecular  rotations. 

The  i9-naphthylamide  has  a  much  higher  rotation  than  the  a-compound. 
There  is  a  resemblance  in  constitution  between  an  a-  and  an  ortho- 
oompound,  and  also  between  a  fi-  and  either  a  para-  or  a  meta- 
compound,  and  this  similarity  is  brought  out  in  the  rotation  of  these 
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Thvia  the  a-nAphthjlamide  ii  mort  Mlobl«,  has  a  lowtr  atli- 
ing  point,  and  a  lower  roUUoD  than  iu  /S-iaoiMrida,  aod,  limilarljr,  iba 
cMoUiidida  ia  mora  Mlubla,  has  a  lowar  malting  poia^  Md  a  lowar 
rolalios  than  Iha  para-oompoond. 

Tha  ethjiamide  and  mathylamide  have  almost  identical  molecukr 
rotationa  in  pjridine,  bat  in  water  the  former  haa  a  iligbtly  higher 
i-outjon.'  The  iofloaooa  of  thaee  two  groups  is  in  the  positive  direction, 
\m%  la  not  naarlj  ao  great  at  that  of  the  aromatic  groupa  praWooslj 
diecmud  above. 

Tartaric  hydraside  haa  a  slightly  higher  molecular  rotation  than 
tartimmida;  tba  phanjlhydraside,  however,  nnaxpeotedlj  ezhibito  a 
mimh  lower  rotation  than  either  of  the  former  compounds,  but,  on  the 
other  hand,  the  bjdrasones  have  extremely  high  rotations,  thus  : 

[Mr- 

Tartramide    -^)-00-NH,  +15r» 

Tartaric  hydraxide  -(^)-CO-NH-NH,  170 

Tartaric  phenylhydraiide     -(c)-00-NH*NH'CeH4  ...  <80 

Tartaric  beDzylideoehydrazooe  .  -^c)-CO*NH*N:OH*C«Hj  .  554 

Tartaric  furfurylidenehydraione  -{o)-CO'NH*N:CH-C4H,0  736 

Tartaric  acetophenonehydraione    -(c)-CO'NH«N:C<^     *   .         397 

The  great  influence  on  the  rotation  brought  about  by  the  introduction 
of  the  bensylidene,  f urf urylideoe,  and  aoetopheDooe  residues  respectively 
ia  doubtless  an  example  of  the  phanomanon  which  haa  recently  beao 
attracting  much  attention,  namely,  the  powerful  rotatory  effect  of  a 
double  linking,  either  between  two  carbon  atoms  or  between  an  atom 
of  carbon  and  an  atom  of  nitrogen  (Eykman,  Ber.,  1891,  24,  1278 ; 
Bins,  Zeit.  phynkal.  Chem.,  1893,  12,  723 ;  Forster,  Trans.,  1899,  75, 
1149;  Walden,  ZeU.  phytihai.  Chsm.,  1896.  20,  569;  Usller  and 
Miiller,  Cimpt.  rend.,  1899,  128,  1270;  129,  1005;  Haller  and 
Minguin,  Campl.  rmd,,  1900,  130,  362;.Rupe,  AnnaUm,  1903,  SOtf, 
157  ;Ber„  1903,36.  2796  ;  HaUer,  Compt.  fwu/.,  130,  1323). 

It  is  worthy  of  note  that  the  tartaric  hydrasones  may  be  capable  of 
existing  in  two  (or  even  three)  geometrically  isomeric  forms,  and,  as 
these  isomeridas  would  doubtless  differ  considarablj  in  rotation,  it  is 
obvious  that  a  atrict  comparison  of  the  rotations  obeervad  is  hardly 
warrantable  un^  these  compounds  have  been  more  fully  investigated 
from  this  point  of  view. 
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In  order  to  ascertain  the  influence  of  a  benzene  ring  united  through 
a  side  chain,  the  benzylamide  of  tartaric  acid  has  been  prepared.  It  is 
interesting  to  note  that  this  amide  ranks  with  the  fatty  amides  and 
has  a  molecular  rotation  slightly  higher  than  the  methyl-  and  ethyl- 
amides,  and  not  nearly  so  high  as  the  aromatic  amides,  thus  confirm- 
ing the  rule  previously  enunciated  with  respect  to  distance  from  the 
asymmetric  carbon  atom.  This  was  also  previously  found  to  be  the 
case  in  the  substitution  of  hydroxyl  radicles,  in  which  the  phenacetyl 
group  ranks  rather  with  the  aliphatic  radicles  than  with  the  aromatic 
ones.  Thus  we  have  a  uniform  resemblance  between  acetyl,  phenacetyl, 
benzoyl,  and  toluyl  groups,  replacing  the  hydrogen  of  the  hydroxyl 
group,  and  the  ethylamide,  benzylamide,  anilide,  toluidide,  and  other 
groups  replacing  the  hydroxyls  of  the  carboxyl  groups. 

As  already  mentioned,  the  rotations  of  the  anilide  and  tolu- 
idides  observed  by  Guye  and  Babel  differed  considerably  from  the 
values  obtained  in  the  present  communication.  Our  results  were 
verified  by  observations  of  the  rotatory  power  of  specimens  of  the 
anilide  and  toluidides  prepared  from  the  ester  of  tartaric  acid  and  the 
corresponding  aromatic  amine.  Fresh  preparations  of  these  amides, 
made  by  Miss  M.  B.  Thomas,  afforded  a  further  confirmation  of  our 
results. 

The  following  table  gives  a  comparison  of  the  different  values*  ob- 
tained : 

notations  in   PyHdine  Solutions. 

. * s  . ' X 

Amide.  Slator.  Miss  Thomas.  Miss  Thomas.  Guye. 

Anilide       246               246               249  269 

p-Toluidide 242               241               243  240 

o-        „       199              203               205  239 

m-       „        224              226               228  233 

»        n        218 

The  first  specimen  of  the  t/t- toluidide  was  prepared  from  Kahl> 
baum's  m-toluidine,  the  second  from  KOnig's  specially  pure  base.  It 
is  remarkable  that  the  density  of  Guye  and  Babel's  5  per  cent,  solutions 
(about  0*966)  is  so  considerably  smaller  than  that  determined  by 
Miss  Thomas  and  ourselves  (about  0*994),  and  even  smaller  than 
that  of  pure  pyridine  itself  (about  0*980). 

By  correcting  for  the  manifestly  erroneous  density  of  the  pyridine 
solutions  given  by  Quye  and  Babel,  their  rotations  for  the  anilide  and 
m-toluidide  become  practically  the  same  as  ours,  whereas  their  rota- 
*  Thete  valaet  are  independent  of  the  concentration  of  the  solutions. 


KUBSTtTUENTS  ON  THE  OPTICAL  ACTIVITT  Of  TAItTRAMinB.       1S5S 

tioot  for  the  orUo-oompouod  ar«  maUrUllj  higher,  and  for  tb«  para. 
low«r,thaa  our  own  obsonraUona  for  tho  fforrttpftiidinf 
ipoanda. 

BiiidM  iho  amidM  doaeribed,  two  of  tba  imida  compotinda  bava 
baaa  praparad,  namalj,  taHranil  and  taruHc  p-toluiL  VMimMotm 
of  tba  rotaliona  bava  baan  taken  in  pyridine  and  methyl  alaoM 
aolntiona.  As  wa  aboald  expect,  the  toluil  baa  a  higher  roution  than 
tba  anil,  altbougb  tbay  are  not  so  high  aa  the  oorraapondisg  toloidida 
and  anilide. 

Ladanburg  (JS^.,  1896,  20,  2710)  daaonbM  two  imidaa,  bmmIj 
matbyl  and  atbyl  tartrimide,  which  bava  reapaetively  molecular  rota- 
tions of  -I-  S8P  and  +  261'^  in  7*3  per  cent,  aqueous  solution. 

In  tbaaa  oaaaa,  the  imide  compound  has  a  slightly  higher  molecular 
rotataon  than  the  corresponding  amides  in  aqueous  solution,  but, 
inasmneb  as  the  ethylimide  has  a  lower  molecular  rotation  than  the 
methylimida,  it  auggeata  tb%t  with  aromatic  radidea  the  rotatioo 
abould  be  still  lower,  aa  with  tartranil  in  aqueous  solution  we  haTa 
actually  found  to  be  the  case. 

Walden  (ZeiL  phynkal,  Ch$m.,  1895,  17,  248)  similarly  found 
malanil  [and  malic  /3-napbtbimide  to  bare  lower  rotations  thsn  tba 
amides.  The  comparatively  low  rotation  of  all  these  imides  is  re- 
markable in  view  of  the  fact  that  they  contain  a  cyclic  grouping, 
which  is  generally  attended  with  a  high  rotation. 

If  only  one  series  of  compounds,  tbe  amides,  for  example,  ba  pra- 
pared  from  tartaric  acid,  only  the  oomparatiTe  rotatory  influancaa  of 
tba  Tarious  amide  groupa  in  the  molecule  will  be  obtained.  Similarly, 
by  preparing  amides  of  aoetyltartario  acid,  another  aeriea  is  obtained, 
and  it  will  be  possible  to  judge  whether  tbe  acetyl  group  baa  in  any 
way  a  constant  infiuence  and  whether  tbe  amide  groupa  have  tba 
aame  comparatiye  influences  as  in  the  foregoing  seriea.  So  far,  wa 
bave  only  one  acetyl  derivative,  the  rotatory  power  of  which  has  been 
deCarmined.  Others  have  been  prepared,  but  their  rotationa  are  aa 
yet  unknown.  Tbe  o-toluidide  of  acetyltartaric  acid,  which  baa  baan 
prepared  by  acetylating  the  o-toluidide,  gives  a  lower  molecular  rota- 
tioo  than  any  of  tbe  other  compounds  daaeribad  in  tbia  papar 
aaeapling  tbe  phenylhydraxide. 

The  diminution  in  rotation  which  we  have  obaarrad  on  acetylating 
tartaric  o-toluidide  is  what  would  be  anticipated  from  tbe  known 
relationship  between  tbe  rotations  of  tbe  tartaric  esters  and  their 
diacetyl  derivativea.  • 

Similarly,  inasmuch  as  it  baa  been  abown  by  Purdie  and  Irrina 
(Trans.,  1901,  70,  957)  that  tbe  dextro-roUtion  of  tbe  tartaric  eatara 
is  enhanced  by  replacing  tbe  >CH*OH  groups  by  >CH*OMe,  wa 
should  anticipate  that  the   dextro-rotation  of   tartramide  would  be 
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exceeded  by  that  of  dimethoxysuccinamide,  and  this  is  actually  found 
to  be  the  case.  A  survey  of  these  relations  is  conveniently  obtained 
by  means  of  the  following  data  : 

[M]f  [M]f; 

Ethyl       dimethoxysuc-  Ethyl       diacetyltartrate 

cinate  (liquid)    +210*6°  (liquid)       +      9'9° 

Dimethoxysuccinamide  Tartaric     o-toluidide 

(aqueous  solution)...       166*2  (pyridine  solution)...      +667*0 

Tartramide      (aqueous  Diacetyltartarico-toluid- 

solution) 168*0  ide  (pyridine solution)      +   800 

Ethyl  tartrate  (liquid)         15*8 


Experimental. 
Tartramide. 

This  substance  slowly  crystallised  in  well-defined  needles  from  a 
methyl  alcoholic  solution  of  methyl  tartrate  which  had  been  saturated 
with  dry  ammonia  at  the  temperature  of  a  mixture  of  ice  and  salt,  a 
further  crop  of  crystals  being  obtained  by  removing  ammonia  from 
the  mother  liquor  in  a  vacuum  desiccator.  The  amide  melted  at  195° 
with  decomposition. 

0*1307  gave  21*3  c.c.  moist  nitrogen  at  20*3°  and  759*7  mm.  N  =«  18*63. 
C^HgO^Ng  requires  N=«  18*92  per  cent. 

Tartramide  is  insoluble  in  chloroform,  benzene,  ligroin,  acetone, 
ether,  and  cold  pyridine;  it  is  slightly  soluble  in  alcohol  and  dissolves 
more  readily  in  water.  At  12°,  100  grams  of  methyl,  ethyl,  and 
wobutyl  alcohols  dissolve  respectively  0*1987,  0*0355,  and  0*0152  gram 
of  tartramide. 

Rotations  were  taken  in  aqueous  and  in  methyl  alcohol  solutions,  but 
owing  to  the  insolubility  of  the  substance  very  dilute  solutions  had  to 
be  used.  The  rotation  in  aqueous  solution  remained  unaltered  after 
81  days,  and  on  heating  the  solution  from  1 4 — 30°  no  variation  in 
rotation  was  observed;  [a]D  at  14°,  20°,  and  30°  was  found  to  have 
the  values  +107°,  106°,  107°,  respectively. 

notations  in  Water. 

Per  cent.  Density 

80lution=|».  af(/=l).        rf£074'.  [o]f.  [M)f. 

1-306  +1-394°        10031  +106*5°         +158° 

0077  0-083         0-9984  108  160 
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B9taiiofu  iM  UdM^l  Alcohol. 
IVr  cwt  DMMiijr 

01797  OiOr»        0-7997  +144''  Jir 

0O807  0090         079S0  141  i08 

TWirwiilMit  (Polikier,  JStr.,  1891,  24,  9959). 

This  oompoand  was  prepared  bj  slowly  adding  1  part  of  dry  iarUrio 
acid  to  5  parts  bj  weight  of  boiling  aniline. 

A  white  mass  (aniline  hydrogen  tartrate)  at  first  separated,  but  soon 
rediseolved,  and  when  all  the  tartaric  acid  had  been  added  the  con- 
tents of  the  flask  suddenly  solidified  to  a  msss  of  yellowish- white, 
pearly  plates.  These  crystals,  which  were  rendered  oolourleM  by 
washing  snooeanTely  with  dilute  hydrochloric  acid  and  a  small  quantity 
of  alcohol,  were  found  to  be  insoluble  in  water,  only  very  slightly 
soluble  in  bensene,  ligroin,  chloroform,  glacial  acetic  acid,  and  nitro* 
bemene,  bat  dissolving  readily  in  cold  pyridine ;  when  reorjstaUised 
from  methyl  alcohol,  they  melted  at  250^  with  decomposition. 

1.  0-2003  gavel  6*7  c.c.  moist  nitrogen  at  SI"*  and  746-9  mm.  N-9*33. 
3.0-2012    „     0  1001  Hp  and  0  4725  00,.     0-64-06  ;  H- 5*53. 
8.0-2002    „     0  0994H,O    ,.    0-4691  00^     0-63  90;  H -552. 
O^HtfO^N,  requires  N  -  9*33 ;  0  -  64*00 ;  H  -  5*33  per  cent 

BoiUUiomM  in  Pyridint, 


Perotat 

DenMty 

•olataoBsjik 

«r(/=i). 

duriv. 

[•r- 

[Mr. 

5421 

+  13-26« 

0-9920 

+  246-5*> 

+  740» 

1-820 

4-39 

0-9825 

245-6 

737 

This  anilide  was  also  prepared  from  methyl  tartrate  and  aniline, 
and  wss  purified  by  crystallisation  from  alcohol.  This  speeimen  gave 
the  following  daU:  ;»-3100;  ar(/-l)  -•l-7-535<>;  <i  20°/4<»  - 
0-9854;  [ajT  -  +246-7°;  [MjT  -  +740«. 

These  results  were  confirmed  by  rotations  obtained  from  another 
specimen  made  from  the  acid.**  Traces  of  water  in  the  pyridine  solu* 
tion  were  found  to  affect  the  rotation  appreciably  (to  3  or  4  per  cent.), 
and  the  following  resultl  were  obtained  from  the  specially  dried 
solvent : 


*  This  spedaea  wm  faideptadMitly  prspsred  sad  tvswiasd  bjr  Mim  M.  B. 

Thomaa. 
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Per  cent.  Density 

8olution=;>.  ajl=n  d  207*''  [«]^  .  [M]^. 

..oQo/ 2-289       +5-54°       0-9847  +2459°  738° 

I  4-05  9-86        0-9877  246-4  739 

d  15°  I  i". 
At  15°    4«05  10-03        0-9936  249-3  748 

The  rotation  diminishes  slightly  with  increase  of  temperature,  as 
shown  by  the  above  numbers. 

Rotation  in  Methyl  ^/co/io^.—p  =  0-0803  ;  air(^=  1)  = +0-127°; 
d  20°/4°  =0-792;  [a]^°  =  +200°;  [M]^  =  +600°. 

Tartaric  ^Toluidide,  (C^H7-NH-CO)2-(CH-OH)2. 

This  substance  can  be  prepared  by  heating  />-toluidine  hydrogen  tar- 
trate (1  mol.)  with  toluidine  (1  mol.)  (Bischoff,  Ber.,  1890,  23,  2049), 
but  is  more  readily  obtained  by  heating/?- toluidine  (2  mols.)  and  tartaric 
acid  (1  mol.)  for  about  10  hours  in  an  oil-bath  at  180—185°.  The 
mixture  of  reagents  did  not  fuse  and  the  reaction  was  rather  slow. 

The  jo-toluidide,  which  remained  after  extracting  the  product 
successively  with  boiling  water,  dilute  hydrochloric  acid,  and  alcohol, 
was  crystallised  from  a  mixture  of  alcohol  and  pyridine  and  then 
melted  at  about  240°  with  decomposition.  This  substance  is  slightly 
soluble  in  ethyLand  methyl  alcohols,  and  still  less  so  in  chloroform, 
acetone,  carbon  disulphide,  and  water ;  it  dissolves  in  hot  aniline,  hot 
nitrobenzene,  strong  sulphuric  acid  (without  blackening),  and  also  in 
pyridine. 

0-2863  yielded  210  c.c.  moist  nitrogen  at  14*6°  and  751  mm.  N-8-51. 
CigHgoO^Ng  requires  8  56  per  cent. 

Rotations  in  Pyridine. 

The  first  preparation,  which  bad  possibly  slightly  racemised,  gave  a 
constant  rotation  [a]o°=  +238°  in  solution  of  from  1/2  to  7  per  cent, 
strength.  With  a  later  preparation,  which  was  subsequently  shown 
to  be  non- racemised,  the  following  data  were  obtained  :  4  per  cent, 
solution,  aS*(/-l)= +9-54°;  d  2074°- +09863;  [a]r-+242«; 
[M]jr=+793°. 

A  preparation  made  from  methyl  tartrate  and  />-toluidine  and 
purified  as  before  gave  the  following  result :  3*885  per  cent,  solution, 
a*^(/-l)-  +9-23°;  d  20°/4°-  +0-986;[a]y=  +241° ;  [M]y=  +790°.^ 

As  a  comparatively  high  temperature  was  used  in  the  foregoing  pre- 
paration from  tartaric  acid,  it  was  considered  necessary  to  prove  more 
conclusively  the  absence  of  racemisation  in  the  product.   The  specimen 


Sl'IWTlTI'rvTS  r»\*   TIIK  oI»Ttril     A<*TIVtTV  '»r  T^«»flM\iilii,*         1557 

r-    v:.:         v\  a  :,\    .;  ■    :  ,       .  .a    I  iJ'l  -  125* 

fui'  .'>  :u>  .1 -.  .4i..i  '.i.t-  I  :.i'....:.  ;i,.  i.  ..,;,!,^  lii'.  .j..  icii!  m^Mttrtd. 
The  tartaric  acid,  which  waa  ttparaUd  in  tha  form  of  iU  Itad  rait, 
was  libaratad  from  this  subataoM  bj  the  action  of  hydrogao  aolphid* 
and  finally  obtained  from  the  filtarad  solution  by  oTaporalioii. 

A  blank  experiment  was  performed  by  heating  some  tartaric  add 
in  hydrocblorie  acid  solution  in  a  sealed  tube  uiider  oonditionN  «imilAr 
to  those  employed  in  the  hydrolysis  tube. 

The  following  rotttions  were  obtained  with  10  per  cent,  lartanc 
scid  ^solutions  (/=  2-962) : 


Pure  tart :iric  Acia  ^caicu-  I    Ut  hydrolysis     +8^9 

Uted) +4<>15' 

Pare  tartaric  acid  (used 

in  pieparations) +4*^13' 


2nd         „  +4°  3' 

„  „    (blank  experi- 

ment) +  4^  2* 


From  tlieee  results,  it  is  probable  that  the  foregoing  specimen  of 
;»toluidide  was  not  appreciably  racemised,  but  that  a  ^light  racemisa- 
tion  took  place  during  hydrolysis. 

A  later  obserration  of  the  rotatory  power  of  this  amide  gare  the 
following  reenlts : 


Peroeat 

Twep. 

•olation  ~p. 

•»(^=1). 

Density. 

[•]. 

(MJ 

20» 

4-502 

+ 10-70« 

0-987 

+  241* 

+  790 

15 

«t 

1087 

0994 

243 

796 

Tarlaric  o-Toluidide. 

Tartaric  acid  (I  mol.)  and  o-toluidine  (2  molf.)  were  heated  logtibcr 
for  about  8  hours  in  a  flask  placed  in  an  oilbath  at  160*.  The  import 
product  was  boiled  with  water  to  get  rid  of  tarUric  acid,  and  the 
residual  di-o-toluidide,  when  crystallised  from  70  per  cent,  alcohol, 
separated  in  acicular  pUtes  and  melted  at  184—185'';  it  was  slightly 
soluble  in  hot  benxene,  carbon  disulphide,  and  other  common  solvents, 
easily  soluble  in  pyridine,  and  also  in  hot  alcoboL 

0  2694  gave  198  c.c.  moUt  nitrogen  at  15^  and  7395  mm.  N- 8*36. 
Cj^Hj^O^N,  requires  N - 856  per  cent. 


Rolatumt  in  Pyridin4, 

This  toluidide  was  also  prepared  from  the  methyl  ester  ;  it  melted 
at  189^  and  when  the  two  specimens  were  dried  the  rotations  of  boih 
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were  found  to  agree,  recently  distilled  pyridine  being  used  as  the 
solvent. 

Per  cent. 

Temp,    solution  =^.  oi,(Z  =  l).           Density.             [o]©.  [Mlo. 

20°    3-012  +  590°    0-9845    +199°  +653° 

20    4-994  10-02    0-9868     203  667 

15    4-994  1018    0-9936     205  673 


Tartaric  m-  Toluidide. 

Tartaric  acid  (I  mol.)  and  Kahlbaum's  purest  w-toluidine  (2  mols.) 
were  heated  in  a  flask  placed  in  an  oil-bath  at  160°  for  about  8  hours. 
The  whole  became  liquid  and  after  a  time  resolidified  owing  to  the 
separation  of  ditoluidide.  The  product,  when  purified  by  the  method 
employed  for  its  o-  and  jo-isomerides,  crystallised  from  alcohol  in  needles, 
and  its  solubility  lay  between  those  of  the  other  two  isomerides ;  it 
melted  at  184°. 

0-2309  gave  17-1  c.c.  nitrogen  at  16*5°  and  750  mm.     N«8'50. 
CigHjoO^Ng  requires  N=s8-56  per  cent. 

Rotations  in  Pyridine. — The  substance  is  very  soluble  in  pyridine, 
and  in  a  2  per  cent,  solution  it  gave  [a]D=  +224-0°,  and  2246°  after 
recrystallisation,  this  constancy  indicating  the  purity  of  the  specimen. 

Per  cent.  Density 

8olution=j3.  af{l-^1).  d10'l\\  [a]f.  [M]f. 

1693  +3603°         1-012°  +223-6°         +733° 

0-9665  2-13  0-978  225-3  739 

Specimen  prepared  from  the  methyl  estei'  (m.  p.  184°)  gave  : 

Per  cent*  Density 

solution  =i>.  af(Z  =  l).         rf  2074'.  [a]^.  [Mlf. 

2009  +4-34°  0-9822  +220°  +722° 

Specially  purified  7/i-toluidine  from  Messrs  Riinig  (Leipzig)  gave 
specimens  of  di-m  toluidide  having  the  following  rotatory  power : 

Prepared  from  Tartaric  Acid  (m.  p.  182—183°). 


Per  cent. 

Density 

solution  =/>. 

af  (/  =  !). 

d  2074'. 

[•]r- 

[Mlf. 

2121 

+  4-671° 

0-9824 

+  219° 

+  720° 

1-705 

3-599 

0-9822 

215 

705 
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Prtpmrwd/rom  M^k^  Tmriral^  (m.  p,  lRr>. 


Fir  cent.  Dtnrity 

d  2074* 


ft; 


»^     •rc/«i).     42074*.  itfjj^.  [MB'. 

215S           +  4-58«        0DSa9  +317*  ^710" 

e*65                 14-37          0*9934  S18  713 

Another  ■pectoMD  prepared  from  Kahlbium's  m-tolutdioe  gave  the 
following  FMolU : 

Per  otnt. 

TMip.    iolaUotts/.      if(/al).         Dtntiiy.  [.JJ*.  [UJf. 

VP        4-772         +10^4**        0  9875  +226"  +740* 

15         4-772            10-80          0*994  228  747 


Tartaric  a  yaphtkyiamid4,  (CHUll;,^i;ONii-Ci,H-),. 

a-NaphthyUmine  (2  moU.)  and  powdered  tartaric  aeid  (1  mol.) 
hoAted  in  an  oil-bath  at  170^  for  5  honr$.  The  brown  product  wae 
extracted  with  boiling  dilute  hydrochloric  acid,  and  the  residue,  when 
cryttallified  from  a  mixture  of  pyridine  and  alcohol,  separated  in  fine 
needles,  often  in  Urge  clusters.  When  washed  with  alcohol  and 
recrysUlliaed  from  the  abore  mixture,  it  melted  at  215—214°.  The 
a-naphthylamide  is  insoluble  in  the  eommoo  eolTenis  except  pyridine 
and  hot  acetic  acid,  and  dissolves  to  a  less  extent  in  alcohol. 

0*1531  gave  94  cc.  moist  nitrogen  at  U''  and  739*7  mm.    M  -  7  OS. 
C^H^O^N,  requires  N  -  7  02  per  cent. 

Roiaiian§  m  Pyruf  tns. 

Per  cent.  DeiUkity 

»olalion=j».  •JV=1).  rf2074'.  (•!*•.  [MJ"^. 

3*378  +3  28^  0*988  +98  5*  +39^ 

3-806  (recryiit.)            3*71  0*991  98*4  394 

6*560                             6  56  0*997  100*3  401 

1-303                             1-25  0  983  97*6  390 


Tartarie  p  XapkO^mmUk,  (CHOH)^OONHC,«H;V 

^Naphthylamine  (2  moU.)  and  tartaric  acid  (1  moL)  were  heated 
for  about  6  hours  at  169—170°  in  an  oilbath.  The  pradnei  wae 
boiled  with  water  and  dilute  hydrochloric  add,  the  teddne  beiog 
treated  with  warm  alcohol  to  extract  coloured  matter  and  then  crystal- 
lised from  pyridine.  The  compound  crystallises  in  platee  oielting  at 
79° ;  it  is  in<ioliible  in  the  common  solvents,  with  IIm  exception  of 
cohol  and  pyridine ;  in  the  former  of  these,  it  is  slightly  eoluble,  and 

4  T  2 
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dissolves  readily  in  the  latter.  It  differs  from  the  acompound  in 
crystalline  form,  has  a  much  higher  rotation  and  melting  point,  and 
is  much  less  soluble. 

0-2362  gave  1 4-2  c.c.  moist  nitrogen  at  142°  and  7426  mm.  N  =  690. 
C24H20O4N2  requires  N  =  7-02  per  cent. 


Rotations  in  Pyridine, 
First  Specimen. 


Per  cent, 
solution  =j3. 

1-339 

Density 

af{l  =  l).             rf2074°.                 [o]f. 

+  3-83°            0-984              +291° 

[M]r- 
+  1163° 

2-129 

5-96               0-984*              284 
*  A  diflferent  specimen  of  pyridine. 

Second  Specimen. 

1138 

Per  cent, 
solution  =p. 

0-7373 

Density 
of(Z  =  l).             ^2074".                [aJ'f. 

+  2-11°             0-9798           +292° 

[Ml?. 
+  1169° 

1-185 

3-359            0982                289 

1155 

The  ^-naphthylamide  was  also  prepared  from  methyl  tartrate. 
After  purification  and  recrystallising,  the  following  rotations  were 
obtained : 


Per  cent. 

Density 

solution  =p. 

«r(/=i). 

d  2074". 

[«]f 

[MJf. 

1-316 

+  3-764° 

0-9808 

+  292° 

+  1167° 

0-5505 

1-566 

0-9795 

290 

1162 

Tartaric  Methylamide,  {CH-0H)2(C0-NH-CH,)y 

An  attempt  was  made  to  prepare  this  compound  by  warming  a 
mixture  of  methyl  tartrate  with  a  33  per  cent,  solution  of  methyl- 
amine ;  the  product,  after  crystallisation  from  alcohol  and  benzene, 
melted  at  187 — 189°,  and  combustion  pointed  to  its  being  the  methyl- 
amine  salt  of  a  substituted  tartramic  acid, 

(CH-OH)j(00-NH-CH3)(CO-0-NHj-CH8). 

01 860  gave  23*1  c.c.  moist  nitrogen  at  11 '5°  and  755  mm.    N=  14*68. 

0-2045     .,     25*1  c.c.      „  „  95°   „  754*6  mm.  N- 14  64. 

CgHj^OjN,  requires  N—  14-43  per  cent. 

This  substance  gives  no  prejipitate  with  silver  nitrate,  but,  on 
boiling  the  solution,  silver  is  precipitated. 


StmSTlTtyiNTi  ON  THE  uPTICAI.  ACTIVITT  OF  TARTR  \MinR       1  !W! 

k  ..V  uuuuidt  was  obUiutd  by  dUUUing  Um  gAM<m>  »iiiiu«  ^«iri«U 
with  lime)  into  a  oooltd  aolutioa  of  Btthyl  Itrlfmlt  la  tBbjdroM 
■MlhjkUd  spirit.  AiUr  a  ahori  Uoio,  Um  amidt  itparaUd  and  mu 
rtcrjilalliMd  from  aloohol,  iba  malting  poiDi  btlog  189®;  it  gaTt  po 
pracipitata  of  silver  wbeD  boiled  witb  silver  nitrate  eolation.  The 
amida  ie  easily  soluble  in  water  and  pyridine,  insoluble  in  cold 
aleobol,'bansene,  etbyl  acetate,  and  carbon  disulpbida. 

0*1980  gave  26*6  cc.  moist  nitrogen  at  U®  and  756  mm.     N  «  15'7S. 
CfH„0«N,  requires  N-  15*95  per  cent. 

Tha  eompound  gave  a  specific  rotation  in  a  S  per  cent,  pyridiaa 
solution  of  -I- 158*0°,  and  f  158*6*^  in  tbe  same  solvent  after  recrytUl- 
Usation  from  alcobol. 

RattUioHi  in  P^ridim, 


Per  cent. 

solution-^                •r('=l)- 
3*988                   +4*65« 

Dratity 
d  2074*. 

0-985 

i-r* 

+  1580* 

cur 

+  378» 

3-938  (lecfyst)      4*60 
7679                    1216 

0-989» 
1*000 

158*6 
158-3 

379 
379 

1433                      2*21 

0*981  ^ 

157-2 

377 

0684                      1-045 

0*980* 

155-9 

374 

A  different  speciinen  of  pyridias. 
B44aiiom»  im  Waltr. 


Pereeat 

Dtasi^ 

•olation=j». 

•r('=i)* 

rfxovr. 

r-r 

0  994 

+  l-44» 

1*001 

+  144-7'' 

2^5'» 

2325 

3*334 

1-005 

142*7 

251 

3*041 

4-235 

1*006 

138-5 

244 

(After  boiling)* 

4-245 

1*006 

138-8 

244 

7*475 

10*31 

1*018 

1355 

339 

7*774 

10*84 

1-020 

136*7 

341 

10*35 

14-59 

1*027 

137-3 

343 

*  Part  of  the  toltttion  wm  tarsd,  boUad,  ooolsd,  aad  OMda  op  to  tba  original 
weight ;  the  roUtion  of  this  boUad  solotloa  vat  practioslly  Ideatiosl  with  th^t  of 
the  origiiul,  showing  thst  thare  is  no  Mrotation. 

Tawiaric  ElkylamU*,  (CH0H)^CX>-NH-C,H4)y 

A  mixture  of  ethylamine  (2  mols.)  and  methyl  tartrate  (1  mol.)  in 
anhydrous  alcoholic  solution  slowly  deposits  tbe  eihylaaida 00  oooUng. 
After  distilling  off  the  alcohol,  more  ery»tals  were  obtained,  the  total 
yield  being  75—  80  per  cent.  The  amide,  when  recrystalUsad  froa 
ethyl  acetate  and  a  small  quantity  of  alcohol,  was  obtained  in  while^ 
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glistening,  felted  needles  melting  at  210  —  211°;  it  is  easily  soluble  in 
water  and  pyridine,  fairly  soluble  in  alcohol,  less  so  in  ethyl  acetate 
and  benzene,  and  dissolves  in  acetic  acid. 

0-1958  gave  241  c.c.  moist  nitrogen  at  15°  and  735  mm.     N  =  13-93. 
CgHjjjO^Ng  requires  N  =  13*76  per  cent. 

The  specimen  obtained  from  the  first  crystallisation  had  a  specific 
rotation  of  +l37'l°  and  when  recrystallised  gave  +137  9"^.  The 
remaining  rotations  were  determined  with  the  latter  specimen. 

notations  in  Pyridine. 


Per  cent. 

Density 

solution  =p. 

af(l=l). 

d  2074°. 

[«]?• 

[Ml/. 

3-871 

+  5-25° 

0-989 

+  137-1° 

+  280° 

3-761 

5-125 

0-988 

137-9 

281 

5-030 

6-83 

0-9936 

136-6 

279 

2-401 

3-26 

0-985 

137-8 

281 

1-049 

1-395 

0-982 

135-7 

277 

Rotations  in  Water 

'. 

Per  cent. 

Density 

jolution  =p. 

ar(^=i). 

d  2074°. 

[«]r. 

[MlT- 

1-390 

+  1-790° 

1-001 

128-6° 

+  262° 

1-905 

2-396 

1002 

125-5 

256 

3-942 

4990 

1007 

125-7 

.256 

7-468 

9-53 

1-017 

125-5 

256 

Tartaric  Benzylamide,  (CH-OH)2(CO-NH-CHjCeH5)j. 

Methyl  tartrate  (1  mol.)  and  benzylamine  (2  mols.)  in  alcoholic 
solution  were  allowed  to  react  in  the  cold,  when  the  benzylamide 
separated  in  white,  glistening  plates.  On  recrystallisation  from  hot 
alcohol,  it  separated  either  in  plates  or  needles  according  to  the 
conditions.  The  amide  is  easily  soluble  in  pyridine  and  insoluble  in 
water;  it  melts  at  199°. 

0*2767  gave  21*1  c.c.  moist  nitrogen  at  14°  and  731  mm.     N»8'63. 
^18^20^4^2  requires  N«8-56  per  cent. 

Rotations  in  Pyridine  Solution. 


Per  cent 

Density 

solutiou  =p. 

«*V=i)- 

d  2074'. 

[•r- 

[Mr 

6-497 

4  4-983° 

0-9911 

+  91-5« 

+  300° 

3  461 

3123 

0-9861 

91-6 

300 

1022 

0*932 

0-9802 

(930) 

(306) 

suasriTUBM re  ok  tub  opricvi.  AcnviTT  or  tarteaiuml    1S63 


TaHmie  PUmylk^drmMidi,  (OH-OH  V(CX)  NHKH-qtH^ 

This  oompound  lus  bma  prtpartd  by  b«atiog  metbjl  UriirnU  witb 
pbMjlbjdnuune,  and  was  crytUUiaed  from  aloobol  or  from  gUcUt 
•Mtio  aetd  (Bulow,  Atmal^ti,  1886,  236,  195;  Fuebir  and  P«Mmor«, 
Bmr.,  1889,  22,  2734).  lo  aloobolio  ■olatioo,  UrUrie  add  and  phrajU 
bjdrasiDe  form  dipbenjlbjdrazioe  tartrato,  in  distinction  to  anilina 
and  tba  toluidioes,  whicb  form  only  tbe  mono-salt.  Tbe  pbcoji- 
bjrdraxide  can  be  prepared  by  beating  either  the  above-mentioned  aalt 
or  a  mizture  of  phony Ibydraxine  witb  an  alkyl  tartrate  or  tbe  free 
add  ;  when  reeryttalliaed  from  pyridine  and  water,  it  melted  and 
deoompoeed  at  aboat  23  P. 

0*  1 877 gare  28*2  e.o.  moist  nitrogen  at  137'' and  744  mm.  N  -  17*33. 
CicHjgO^N^  requires  N  -  17*02  per  oent. 

The  sped6c  rotation  [a]?*  of  different  specimens  varied  oonsiderably 
(from  16®  to  24°).  Tbeee  incondatMioet  are  possibly  due  to  traces  of 
anilide,  wbieb  would  greatly  affect  tbe  rotatory  power.  We  can  only 
condude  from  these  figures  that  tbe  value  of  [  M  ]jr  for  tbe  pbenyl- 
bydraaide  is  many  times  smaller  than  that  of  the  anilide  or  the 
tduidide,  being  probably  <80®.  We  hope  soon  to  be  able  to  obtain 
moM  aoearate  informatioo  as  to  tbe  rotatory  power  of  this  oompound, 
which  is  being  further  examined  by  one  of  us. 


Tartaric  Hydmmds,  (CU-OH)^CX)-KH-NH^r 

This  compound  was  prepared  as  described  by  Von  Rotbenburg 
(Ber,,  1893,  28,  2057).  An  alcoholic  solution  of  hydrazine  hydrate, 
prepared  by  tbe  interaction  of  caustic  potash  and  bydraaine  hydro- 
chloride dissolved  in  alcohol,  when  treated  witb  methyl  tartrate, 
slowly  deposited  the  bydrazide,  whicb  was  collected  and  dried.  This 
eompound  was  insoluble  in  pyridine,  slightly  soluble  in  alcohol,  and 
readily  dissolved  in  water,  giving  a  neutral  solution,  from  which  it 
had  a  tendency  to  ceperate  as  an  oil.  Tbe  determinations  of  rotatory 
power  were  made  on  the  cobetanoe  so  obtained  without  recryeteUidnf . 
Like  the  amide,  it  is  insoluble  in  the  oonunon  solvents  except  water. 
It  differs  from  the  amide  in  bdng  much  more  soluble  in  water,  and 
tbe  aqueous  solution  when  shaken  up  with  bensaldehyde,  forms  a 
benzylidine  derivative.      • 


1 364      FRANKLAND  AND  SLATOR  :  THE  INFLUENCE  OF   VARIOX^S 
Rotations  in  Water. 


Per  cent. 

solution  =j?. 

2-074 

af{l=l). 

+  2-206° 

Density 
d  2074". 
10058 

+  97-1° 

[M]f. 
+  173° 

3-264 

3-146 

1-0105 

95-4 

170 

6-552 

6-41 

1-0257 

95-4 

170 

Tartaric  Benzylidenehydrazide,  (CH-0H)2(C0-NH-N:CH-C6H5)2. 

This  substance,  which  is  described  by  Von  Rothenburg  (loc.  cit.),  is 
obtained  on  shaking  up  an  aqueous  solution  of  the  hydrazide  with 
benzaldehyde ;  it  is  slightly  soluble  in  alcohol  and  more  so  in 
pyridine.  It  was  recrystallised  from  pyridine  and  gave  white,  lustrous 
plates  melting  at  230°  with  decomposition. 

Rotations  in  Pyridine. 


Per  cent. 

solution  =p. 

0  3826 

+  0  600° 

Density 
d  2074°. 
0-9788 

+  160-2° 

[M]f. 
+  567° 

0-922 

1-411 

09802 

156-1 

553 

1-834 

2-826 

0-9829 

156-8 

555 

Tarta/ric  Furfur ijlidenehydrazide,  (CH-0H)2(C0-NH-N:CH-C^H30)2. 

On  shaking  up  a  cold,  not  too  dilute,  aqueous  solution  of  the 
hydrazide  of  tartaric  acid  with  freshly  distilled  furfuraldehyde,  this 
compound  was  precipitated  ;  this  was  filtered  off,  thoroughly  washed 
with  water,  and  recrystallised  from  pyridine  and  alcohol,  when  it 
crystallised  in  small,  irregular  plates,  melting  at  about  204°,  which 
tend  to  become  brown. 

01395gave20-4c.c.  moist  nitrogen  at  15-5°  and  746-5  mm.     N  =  16-77. 
Cj^Hi^OgN^  requires  N=  16-82  per  cent. 

The  rotations  in  pyridine  solution  were  not  very  constant,  owing, 
probably,  to  slight  decomposition.  After  the  first  crystallisation,  the 
following  results  were  obtained  : 


Per  cent. 

Density 
d  2074*. 

solution  =^p. 

ar('=i)- 

[•ir- 

[M]r. 

0-8418 

+ 1-82° 

0-9802 

+  220-6° 

+  737° 

3054 

6-64 

0-9890 

219-9° 

736 

SrBSTlTUlNTS  ON  THE  OI»TICAL  ACTIVITY  OF  TAUTHAMIDK.       l.'U  5 

Tartarie  HydroMcm  </  Acetoj)/i$non$^ 
(CH-0H)j(C0-NH-N:CMe-C,Hj)2. 

Ac«topheDone  reacts  with  tartaric  hydraiide,  forming  a  hydrazoce 
haying  similar  properties  to  the  above-described  aldehjdic  hydrazones. 

The  new  hydrazone  was  recrystallised  from  a  mixture  of  pyridine 
and  alcohol  and  melted  at  about  232^ 

0U78  gave  18-9  c.c.  of  moist  nitrogen  at  18-5°  and  760  mm.  N-  U'54. 
CjqHjjO^N^  requires  N*  147  per  cent. 

A  0*747  per  cent,  solution  in  pyridine  gave  the  following  data : 
oy(/-l)  =.  +0-760^;  d  20°/4°  «  09814;  [a]^  -  +104°;  [M]{r  - 
+  397°. 

Tartrani/,  (CH-OH)j(CO)2:NCeH5.— One  part  of  tartaric  acid  was 
heated  for  4  hours  at  180°  with  2  parts  of  aniline  in  an  open  flask  on 
the  oil-bath.  The  mass  was  extracted  with  boiling  water  and  the  solu- 
tion concentrated  until  crystallisation  took  place.  The  crystals  were 
dissolved  in  methylated  spirit  and  decolorised  with  animal  charcoal  ; 
they  somewhat  resembled  tartranilide  in  appearance  and  melted  with 
decomposition  at  225°. 

The  compound  is  soluble  in  water,  alcohol,  and  pyridine,  but  only  to 
a  very  slight  extent  in  the  other  common  solvents ;  100  grams  of 
water  and  methyl  alcohol  dissolve  1*3079  and  3*8315  grams  of  the 
tartranil  respectively  at  20°. 

01994  gave  0*4223  COj  and  00790  HjO.     C  =  67*76  ;  H  =  4*40. 
0*2004     „    0-4247  COj,,    0  0791  H^O.     C  =  57*80;  H  =  4*39. 
CjoHgO^N  requires  C*  57*97  and  1£«4'35  per  cent. 

Rotations  tn  (1)  Water,  (2)  Methyl  Alcohol,  and  (3)  Pyridine. 

Density 

rf2074'.  [.If.  [Mlf. 

10003  +114°  +236° 

1*0021  104  216 

0*7980  131  270 

0*8001  130  268 

0  8077  127  263 

0*9827  131  271 

0  9960  132  272 
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Per  cent. 

ftolutions:}^. 

«f(^-l) 

1.        05964 

+  0*68° 

1  2346 

1-29 

2.        1*3049 

1*36 

1*6393 

1-70 

3*2258 

3*31 

3.        0*693 

0*8» 

4*760 

6*23 
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Tartark  ^-ToluU,  (CH-0H)2(C0)2:N-C^,H,-CH8. 

The  toluidine  hydrogen  salt  was  made  by  warming  together  p-toluidine 
(1  mol.)  and  tartaric  acid  (1  mol.)  until  they  melt  and  resolidify,  this 
salt  being  then  heated  for  about  7  hours  in  an  oil-bath  at  200°.  The 
toluil  was  extracted  from  the  slightly  charred  mass  with  boiling 
water,  and,  after  repeated  crystallisation  from  water,  melted  at  235° 
with  decomposition  ;  it  was  soluble  in  alcohol  and  pyridine,  insoluble 
in  chloroform,  benzene,  and  most  of  the  other  organic  solvents. 

0-2205  gave  12-6  c.c.  of  moist  nitrogen  at  14°^ and  737  mm.  N  =  6-52. 

0-2254  gave  04943  CO2  and  0-1008  HgO.     C  =  59-81  ;  H  =  4-97. 

^iiHiAN  requires  C  =  59-73  j  H  =  4-98;  N  =  6-35  per  cent. 


Rotations  in  (1)  Methyl  Alcohol,  (2)  Pyridine. 


1. 


2. 


Acetyltartarie  o-Toluidide,  (CH'0*CO-CH8)2(CO-NH-C7H7)j. 

The  o-toluidide  of  tartaric  acid  can  be  acetylated  by  acetic  anhydride 
(Bifichoff,  Ber,,  1890,  23,  2050),  but  more  easily  by  warming  with 
acetyl  chloride.  When  hydrochloric  acid  was  evolved  only  very  slo<vly, 
the  excess  of  acetyl  chloride  was  distilled  off  and  the  residue  extracted 
with  a  small  quantity  of  alcohol.  The  main  part  of  the  acetyl  com- 
pound which  remained  in  the  residue  was  crystallised  from  glacial 
acetic  acid ;  it  separated  in  a  colloidal  form  from  the  solvent  and  was 
slightly  coloured.  On  washing  with  ether,  the  colour  was  removed, 
although  on  drying  the  substance  it  again  became  slightly  yellow.  The 
substance,  which  dried  to  a  fine  powder  and  melted  at  229°,  was  fairly 
soluble  in  hot  chloroform,  alcohol,  glacial  acetic  acid,  but  less  so  in 
benzene ;  it  was  easily  soluble  in  pyridine,  but  insoluble  in  water. 

;    0-2595  gave  15*5  0.0.  of  nitrogen  at  12*5° and  750  mm.     N»6'98, 
CjjHj^N,  requires  N  -•  6*81  per  cent. 


Per  cent. 

Density 

solution  =p. 

afH^i). 

{d  2074°. 

wr. 

[Mr. 

1-976 

+  1-87° 

0-7996 

+  118-3° 

+  261° 

M77 

M87 

0-7963 

126-7 

280 

1-064 

1-091 

0-7962 

128-7 

284 

6-317 

10-43 

0-9971 

165-6 

366 

1-93 

3-136 

0-9838 

165-2 

365 

1-36 

2180 

0-9818 

163-3 

361 

siMPLinoATioir  or  shrbl'b  MirnoD. 


3o: 


PiireMt 


5-S37 

SSlSXreeryst) 

S594 

4-49S 


DentitY 
d  J074'. 


+  1-016'' 
1-036 
0-432 
0-844 


0-9891 
0-9895 
0-9830 
0-9872 


+  19-6l« 
19-7 
16-94 
190 


[Mir. 

80-8 

81-2 

69-8 

78-4 


Summary    of    Sotationa. 

[Mir. 
Solvent 


[Mir. 
SolTent 


Amitle.        Pyridine.  Water. 

TArtrwnide    -        +158* 

Anilide  +789'        — 

j^-Toloidide    793         — 


oTolnkiide  ...... 

ii»<1V>Mdad* 

•  KephthyUmide 
a-NaphtliyUmide 
Metbjhmide    ... 

Kthykmide  

Beuykmide 

Pkeaylbydndde 


M7 
7S0 

400 
11«0 
278 
879 
800 
(<80) 


Thk  UinTBBsnT, 

BlRMtXOBAM. 


MHhyl 

alcohol. 

+  210" 

800 


240 
258 


Amide. 
Hydraxide  . 
Bensylidene 

hydraxide 
Furfarylidene 

hydraxide 738 

Ilydraxooe  of 

aoetophenone      397 

Tartranil 272 

TerUric  p-To]ail    368 
DiacetylUrUric 

o-tolaididc    ...      80 


Methyl 
Pyridine.  Water,  alcohol 
....     —    +170*       — 


+  554*       —        — 


218 


288* 
280 


CXXXI. — SimpUJuxUion  of  ZeiseFs  Method  of  Methoxyl 
and  Ethoxyl  Determinations. 

By  W.  H.  P«wuH,  Ph.D.,  F.RA 

Hewitt  and  Moore  h&ve  recently  giTen  an  aooonnt  of  a  modification  of 
Zeuers  method  for  the  estimation  of  methoxyl  groups  (Trant.,  1902,81, 
>18),  in  which  they  replaced  the  oondeoser  of  the  original  apparatoa 
i)j  a  fractionating  colnmn.  Being  desirous  of  making  some  methoxyl 
determinations  and  not  having  a  suitable  fraetkmatiog  eoiomn,  the 
author  employed  a  distilling  flask  with  a  neck  about  16  inches  long 
attached  to  the  ordinary  bulbs  containing  water  and  red  phosphoms, 
and  kept  warm  by  immersion  in  water  heated  at  50^,  as  recommended 
by  Zeisel.  The  current  of  carbon  dioxide  was  supplied  by  a  narrow 
tube  passing  down  the  neck  of  the  retort  to  within  a  short  distance  of  the 
surface  of  the  liquid.     The  hydriodic  acid  employed  boiled  constantly  at 

4  z  2 
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126°  under  760  mm.  pressure  (Roscoe  gives  127°,  774  mm.,  Trans., 
1861,  13, 161)  and  had  asp.  gr.  of  about  1-68.  The  bulb  of  thedistilliDg 
flask  was  heated  in  glycerin  as  usual,  and  an  experiment  made  with 
this  arrangement  gave  good  results. 

On  examining  the  water  in  the  bulbs  after  this  operation,  it  was 
found  that  it  contained  only  a  minute  amount  of  hydriodic  acid. 

A  second  experiment  was  therefore  made,  substituting  a  small  tube 
containing  anhydrous  potassium  carbonate  for  the  bulbs  with  water 
and  phosphorus,  and  in  this  case  also  a  good  result  was  obtained.  A 
third  experiment  was  then  made  without  either  bulbs  or  potassium 
carbonate,  and  this  arrangement  was  found  to  work  equally  well. 

The  substance  used  in  these  experiments  was  methyl  glyoxime- 
peroxidetetramethyldimalonylate  (this  vol.,  p.  1219),  which  gave  the 
following  numbers  : 

0-3320  gave  0-4596  Agl.  OMe  - 182. 
0-3423  „  0-4615  Agl.  OMe=17-8. 
0-3390     „     0-4634  Agl.     OMe  =18-0. 

C,2Hi20gN2(OMe)2  requires  OMe  =  18*1  percent. 

Other  substances  were  then  examined  by  this  method,  and  good 
results  were  obtained.  It  was  then  thought  that  perhaps  a  shorter 
necked  flask  might  be  used,  and  one  with  an  8  inch  neck  was  also  found 
to  work  successfully ;  a  satisfactory  result  was  obtained  even  with  a 
neck  only  5  inches  in  length,  but  on  the  whole  an  8  inch  neck  is  perhaps 
the  safest  and  requires  the  least  attention.  It  is  quite  remarkable 
how  the  vapour  of  the  hydriodic  acid  keeps  back  although  a  current  of 
carbon  dioxide  is  constantly  passing.  It  is  probable  that  the  aqueous 
acid,  although  of  constant  boiling  point,  gives  up  a  little  aqueous  vapour 
which  goes  forward,  and,  as  it  condenses  in  the  neck  of  the  distilling 
flask,  absorbs  any  hydriodic  acid  vapour  which  otherwise  might  pa89, 
and  then  runs  back  into  the  bulb  of  the  flask. 

The  actual  arrangement  ultimately  adopted  in  carrying  out  the 
estimation  of  methoxyl  and  ethoxyl  groups  is  shown  in  the  accompany- 
ing figure  and  requires  but  little  explanation.  It  will  be  seen  that  one 
of  its  great  advantages  is  that  the  cork  A^  which  carries  the  carbon 
dioxide  tube  and  closes  the  neck  of  the  distilling  flask,  hardly  comes  into 
oontaot  with  the  hydriodic  acid,  and  can  be  used  a  great  number  of 
times ;  moreover,  tightness  may  be  ensured  by  the  use  of  a  vulcanised 
india-rubber  stopper,  whereas  in  Zeisel's  apparatus,  and  also  in  that 
devised  by  Hewitt  and  Moore,  the  cork  is  constantly  exposed  to  the 
action  of  the  boiling  hydriodic  acid  and  is  therefore  quickly  destroyed. 

When  using  the  ordinary  arrangement  of  flasks  for  the  silver 
solution,  the  apparatus  had  to  be  carefully  watched,  because  if  boiling 
in  the  distilling  flask  there  is  a  danger  of  the  solutioD 
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ia«9 


bf iDf  drawn  baek  into  il^  bat  wiih  Um  ■rrmgwiiil  ikavs  in  Um 
tgm  Ihia  ouinoi  hapiMo,  bunnw  ib«  Mivtry  tab«  dom  nol 
•nter  lb«  sUtw  toloiion  m  mm  nt  Jl,  to  thai  iU  lodiat  forMd 
is  abiorbtd  by  iU  •nrttm,  TIm  Iwo  flaaki  art  nnnntotti  villi  n 
•ipboQ  Ubr,  C,  tb«  Md  of  which  in  Um  ftnA  ittk  mmm  down  cIom  to 
ibt  tilvtr  aolotion,  whilst  that  in  ibtMoond  fladr  jfmm  into  it,  so  tbnl 
anj  ttetbyl  iodide  vapour  cmrrtsd  ovar  with  lbs  carbon  diosida  from  tba 


6r8t  has  to  bobbla  Ibrongh  tba  solution  in  tb«  nvooail  flaslt,  and,  in 
this  way,  is  psrfacily  n^porbad.    If  any  »nofcinf  badi  tnlMa  plant,  a 
little  of  the  siWer  solution  is  drawn  through  the 
firai  flask,  and  afterwards'foroed  back  again  into  iba 

In  this  appaiatua,  15  ce.  of  tba  eoMtetimtod  bydriodit  add 
(b.  p.  126°)  f  emplqyad,  and  tba  t«batMMt  (0 5-035  gma)  it 
weighed  in  a  atgmeni  of  a  very  aaaU  tttt4abt^  which  u  then  plaoad  im 
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the  neck  of  the  distilling  flask  and  pushed  down  into  the  bulb  by 
means  of  the  carbon  dioxide  tube,  the  india-rubber  stopper  carrying 
the  latter  being  then  firmly  fixed  into  the  neck.  The  two  flasks, 
which  are  charged  with  the  ordinary  aqueous-alcoholic  solution  of  silver 
nitrate,  about  20  c.c.  in  the  first  and  15  c.c.  in  the  second,  are  then 
connected  with  the  distilling  flasks  by  means  of  vulcanised  tubing. 
The  glycerin  bath  is  heated  at  130 — 140°,  a  constant  current  of 
carbon  dioxide  being  passed  through  the  apparatus  at  the  rate  of 
about  three  or  four  bubbles  in  two  seconds.  In  a  very  short  time,  the 
turbidity  due  to  silver  iodide  and  nitrate  appears  in  the  silver  solution 
contained  in  the  first  flask,  the  amount  formed  in  the  second  flask 
being  very  small.  After  a  time,  the  temperature  of  the  glycerin  may 
be  raised  until  it  causes  the  hydriodic  acid  to  boil  gently,  and  the 
neck  of  the  distilling  flask  to  become  heated  almost  up  to  the 
delivery  tube,  but  so  that  there  is  no  actual  distillation  into  the  silver 
solution.  As  mentioned  by  Hewitt  and  Moore,  the  operation  is  often 
complete  in  about  three-quarters  of  an  hour,  but  this  is  not  always  so, 
and,  as  the  time  varies  with  different  substances,  it  is  best  to  heat 
for  an  hour,  the  flasks  being  then  disconnected,  and  a  V-tube,  J9, 
containing  a  few  c.c.  of  silver  solution  substituted.  The  heating 
is  then  continued  for  about  20  minutes,  and,  if  no  appreciable  quantity 
of  crystalline  precipitate  forms,  the  operation  may  be  considered 
complete,  but  otherwise  the  solution  should  be  poured  into  the  bulk  in 
the  flasks,  a  fresh  quantity  put  into  the  tube,  and  the  process  allowed 
to  continue  another  20  minutes,  and  so  on  until  the  formation  of 
this  precipitate  ceases.  One  compound  was  heated  for  about  two  hours 
before  it  ceased  to  give  off  methyl  iodide,  although  it  dissolved  in  the 
hydriodic  acid.  In  some  cases,  where  the  substance  is  attacked  with 
difficulty,  the  decomposition  is  greatly  facilitated  by  the  addition  of 
acetic  anhydride,  as  proposed  by  Hewitt  and  Moore  and  others.  With 
this  arrangement,  numbers  higher  than  the  calculated  were  very  seldom 
obtained,  showing  how  well  the  hydriodic  acid  is  kept  back. 

Instead  of  diluting  the  mixture  in  the  receivers  with  water  and 
treating  it  as  usually  directed,  the  contents  of  the  flask  are  gradually 
added  to  50  c.c.  of  boiling  water  acidified  with  nitric  acid  and  contained 
in  a  beaker  of  about  250  c.c.  capacity,  a  small  piece  of  porous  porcelain 
being  added  to  prevent  bumping.  The  boiling  is  continued  until  nearly 
all  the  alcohol  has  been  driven  o£E  and  the  solution  allowed  to  remain 
for  one  hour  at  the  ordinary  temperature ;  the  precipitate  is  then 
collected  on  a  tared  filter  and  treated  in  the  usual  manner.  The  deter- 
minations may  be  quickly  carried  out  by  this  method. 

Kthoxyl  determinations  may  also  be  made  in  this  apparatus,  but,  as 
found  by  other  experimenters,  the  numbers  are  not  so  accurate  as 
those  obtained  in  the  estimation  of  methoxyl,  and  are  usually  some- 
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wluii  low,  a  tmall  MBonni  of  tht  tih jl  iMU  biiag  ^t^bMj  riiiml 
by  Um  hjdriodio  add. 
TbafoUowiog  daUrminatioM,  aada  fHih  diffamil  olaMMof  tab- 
will  Mrra  to  iUutiniU  iha  inuiworibiaaM  of  iba  naibod. 


Wtigiit 

TbaaoBpouiid  C„H„O^N,(0«CH,)» .  03450 

OrTptopiaa,      C,,H,^0,N(0*CH,),...  03480 

C„H,/),N(0-CH,),...  03240 

QnoKopine,      C,,H„O^N(0«CII,),  ..  0  3058 

H  C„H,^0,N(0-CH,^,...  0-3228 

Anincadd,      CrH^O,(0-CH,)   0-3039 

C.H,0,(0-Cn,)    0-3572 

VanilliD,  C7H40,(0-CHJ    0-3288 

/S-EiboxynApbthalene,  C,oH7(OC,Hj)  0-3278 

C,jff^OC,HJ  0-3187 

^Bibozybaoioio acid, C^ H,0^00,H^)  0401 4 

*  ThU  Tol.,  1229. 

In  the  operations  marked  t  a  miidare  of  1 3 
and  6*5  co.  of  acetic  anhjdride  wa«  used. 

Sobatanoet  whicb  are  Tolatile  in  steam  sometimai  fiTt  low 
owing  to  oily  globules  sticking  to  tba  glasa  and  nol  beisf 
down  by  the  condensed  water  or  acid ;  this  is  obviated  to  toai 
if  tba  mixture  of  hjdriodic  acid  and  aoaiao  anbydrida  ia  ■■pioyad,  ai 
tba  aoatte  add  present  dissolves  the  TOJatiflitd 
it  back  into  the  hydriodic  acid. 


CH,«0 

0R.O 

Agf. 

fimad. 

•sW 

0-2850 

10^ 

11-1 

04380 

16^ 

166 

0  4125 

168t 

16-S 

0-5100 

22  0 

SI'S 

0-5365 

219 

22-5 

0-4651 

202 

204 

0-5506 

ios 

90-4 

0-5069 

SOi 

90-4 

0-4290 

25-lt 

96-1 

0-4149 

24-9t 

961 

05548 

265 

971 

\  cc.  of  hvdnodie  add 

CXXXll— The    Action    of    Benzamiditie  an    OUfbm 

S'DikelofieM. 

By  Siiaraito  RoBE]|Ajrv. 

Thb  olefinic  ^-diketones  are  formed  froai  tba  aldehydes  and  /Mika- 
tones  by  tba  action  of  dibsr  bydr^gan  cbloriJa  or  orgaaie  baata.  Tba 
use  of  hydrogen  chloride  aa  a  eoodaadiig  agaot  will  ba  fooad  aoia 
convenient  for  the  preparation  of  certain  BMaibirs  of  Ibia  groop^  JasI 
as  it  is  for  the  fonaation  of  olafinie  /S-katooiD  attan  (Ibfe  voL,  p.  717); 
eepedally  in  thosa  aasas  wbiva  tba  coBdwwHwi  it  boI 
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the  union  of  the  olefinic  compound  with  hydrogen  chloride.  I  have 
previously  shown  (loc,  cit.)  that  such  a  union  does  not  take  place  if, 
instead  of  benzaldehyde,  m-nitrobenzaldehyde  reacts  with  the  /3-ketonic 
ester  in  the  presence  of  hydrogen  chloride.  Similarly,  differences  are 
observed  in  the  behaviour  of  this  condensing  agent  towards  a  mixture 
of  aldehydes  and  /?  diketones.  Whilst  beozaldehyde  interacts  with 
acetylacetone,  forming  benzylideneacetylacetone  hydrochloride, 
CH3-CO-CH(CO-CH3)-CHCl*C6H5  (Knoevenagel  and  Werner,  A muden, 
1894,  281,  79),  7n-nitrobenzaldehyde  and  the  diketone  yield  m-nitro- 
benzylideneacetylacetone,  CH3-CO-C(CO-CH3):CH-CgH^-N02.  In  a 
similar  manner,  hydrogen  chloride  acts  on  a  benzene  solution  of 
7u-nitrobenzaldehyde  and  benzoylacetone,  although  in  this  case  the 
yield  of  m-nitrobenzylidenebenzoylacetone, 

CcH5-CO-C(CO-CH8):CH-C6H,-N02, 
18  very  small  on  account  of  the  ease  with  which  benzoylacetone  is  de- 
composed by  acids.  By  using  alcohol  as  a  solvent  for  the  aldehyde 
and  the  diketone,  instead  of  benzene,  and  saturating  the  solution  with 
hydrogen  chloride,  I  have  been  able  to  isolate  from  the  product  of  the 
reaction,  m-nitrobenzylideneacetophenonejCgHg'CO'CHICH'CgH^'NOj. 
which  is  formed  owing  to  the  elimination  of  the  acetyl  group  from  the 
diketone. 

Whilst  the  mixture  of  y3-diketones  and  w2-nitrobenzaldehyde,  on 
treatment  with  hydrogen  chloride,  forms  olefinic  diketones,  the  re- 
action of  the  aldehyde  with  the  mono-ketone,  deoxybenzoin,  is 
analogous  to  that  of  benzaldehyde  (Klagesand  Knoevenagel,  Ber,,  1893) 
26,  449),  and  furnishes  m-nitrobenzylidenedeoxybenzoin  hydrochloride, 
CtjH5-CH(CO-CeH5)-CHCl-CfiH4-N02. 

The  condensation  between  m-nitrobenzaldehyde  and  /S-diketones 
may  also  be  effected  by  piperidine,  but  different  compounds  are  formed 
according  as  the  base  acts  on  the  dry  mixture  or  on  its  alcoholic 
solution.  In  the  first  case,  the  olefinic  )3-diketone  is  produced  ;  for 
instance,  7n-nitrobenzylideneacetylacetone  from  acetylacetone  and 
m-nitrobenzaldehyde,  whilst  on  using  alcohol  as  a  solvent,  a  saturated 
tAtraketone  is  formed,  such  as  m-nitrobenzylidenebisbenzoylacetone, 
[CH(CO-CaH5)-CO-CH,]aCH-CjH^-N08,  from  m-nitrobenzaldehyde 
and  benzoylacetone.  The  same  influence  of  the  solvent  had  been 
cotioed  in  the  course  of  the  experiments  on  the  condensation  between 
m-nitrobenzaldehyde  and  /8-ketonic  esters  (Ruhemann,  loc*  cit.),* 

It  has  been  shown  lately  (this  vol.,  pp.  374,  717)  that  benzamidine 

*  1  hive  itatod,  on  p.  717,  that  ethyl  bonzylidenebisbcnzoylaceUte  melts  at 
115—llfl',  and  that  after  aolidiflcation,  the  melting  |>oint  is  raised  to  12»— 130°. 
1  now  find  Uiat  the  ester  molU  at  181°  without  previous  fusion,  if  Uie  mixture  of 
the  reageots,  dissolved  in  alcohol,  i»  loft  for  1  to  2  weeks,  and  the  solir),  which  has 
separated,  is  crystaUiaed  from  alcohol. 
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oob4«imi  with  oldlnie  /9-k«looio  ttton  to  farnltb  AmiwUtf  of 
dihjdropjrtAitaM.  1  haT«  now  tlQdM  Um  btbatrkw  ol  IIm  MiidiM 
lowuib  oMaSe  /MilnlooM  with  Um  ▼(•w  of  prapMtaf  aUij^ra- 
pXrtoiidiiMt  in  MOordaoM  with  ib«  followiaf  tqMtlM : 

ch,-cx>-o(cx>ch,):ch-c.H4+c.Hj-c(nh,):nh+o,h^o- 

<CH'CHC,H. 
>NH  +  CH,-00,-C,H^  +  Ufi. 
N=:C-C,Hj 

An  additiT*  prodoei  of  Um  diketone  with  the  amidioo  i»  fonMd  ai 
fint  if  the  reaction  proceeds  at  the  ordinarj  tenperaiare ;  tha  oooi- 
poond,  oblaioed  bj  onnf  beniylidanabaoaqjlaetlODt,  is,  moei  probabljr 
to  be  repmaoted  bj  the  fomola 

NH:qC,H4)NHC(C^Hj)(OH)-C(OOCH,):ca*C,H4. 
tiecauae  Uiis  Structure  famiihee  a  readj  explanation  of  the  fonna- 
tioo  of  dibenstmide,  (C«HjOO),NH,  which  takee  pboo  whM  Hm 
•tthetanoe  it  heated  with  hydrochloric  acid. 

The  other  olefioic  /S-diketonee  undoubtedly  form  atmiUr  additive 
eonpounde,  but  these  are  transformed  if  the  reaeiioo  takee  plaoe  al 
100^.  Tlmi,  on  boiling  the  alcoholic  solution  of  the  mixture  of 
beoiylideoescetylacetone  and  benzsmidine,  the  additive  product  loeef 
water  and  its  acetyl  group  in  the  form  of  ethyl  acetate,  to  produce  a 
sobetanoe  which  does  not  seem  to  be  an  open  chaio  oompoaad,  eiiiea  it 
is  not  broken  np  by  hydrochlonc  acid,  as  is  the  additive  prodM*  of 
benzylidenebenxoylacetooe  and  beozimidine.  I  am,  therefore^  indiBtd 
to  regard  it  as  dipheoylmethyldihydropyrimidine. 


NH<:§^."ii;;?l!>cii-c.H, 


The  behaviour  of  m-nitrobensylideneaoetylaoetoM  towards 
amidine  is  of  special  interest,  because  the  additive  eompoitiid,  whMi 
may  be  snppoeed  to  be  first  found,  loeee  iU  acetyl  group  and  yialda 
m-nitrodiphenylmetbylpyrimidine. 


^^icftl^Sx'-c.".-^^. 


and  not  its  dihydro-derivative,  the  hydrogen  being  probably  used  np 
in  transforming  a  part  of  the  product  into  a  hydn^gaaisad  coapoond. 

ElPBBIIIIMTAL. 

AdwH  0/  BfmmmdiH4  on  Btna^idt ii MeHi^f asif inf 

This  reaction  takes  place  when  bentylideneaoetylaseioo^  bta» 
amidine  hydrochloride,  and  sodium  ethoxide  in  molscnlar  prapOfftkas 
are  dissolved  io  alcohol  and  the  aolvtioo  boiM  for  on^  ho«r.    On 
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distillation  from  the  water-bath,  ethyl  acetate  and  alcohol  are  removed, 
and  the  viscid  residue,  which  becomes  solid  when  freed  from  the 
adhering  oil  by  washing  with  dilute  alcohol,  is  crystallised  from 
alcohol ;  it  separates  in  colourless  plates  melting  at  149 — 150^ 

01772  gave  05330  COj  and  01060  H2O.     C  =  8203;  H  =  6-64. 
0-2007     „     0-6045  CO2    „    0-1205  HgO.     C  =  82  15;  H  =  6-66. 
0-2445     „     24  c.c.  moist  nitrogen  at  21°  and  761  mm.     N=  11-32. 
Oj^HigNa  requires  0  =  82-25  ;  H  =  6-45;  N=  11-29  per  cent. 

This  compound,  which  dissolves  with  difficulty  in  cold  alcohol  and 
more  readily  on  warming,  is  freely  soluble  in  glacial  acetic  acid.  It 
has  basic  properties  and  dissolves  in  hydrochloric  acid  with  the 
greatest  ease,  the  solution  giving  a  yellow  platinichloride  which  melts 
under  water. 

0-2610  gave  0-0553  Pt.     Pt  =  21-18. 

(Ci7HigN2)2,H2PtCl6  requires  Pt  =  21-47  per  cent. 

In  the  introduction  to  this  paper,  I  have  expressed  the  view  that 
the  compound  C^^Hj^Ng  is,  most  probably,  diphenylmethyldihydro- 
pyrimidine.  With  the  object  of  oxidising  it  to  the  corresponding 
derivative  of  pyrimidine,  I  have  eaturated  its  alcoholic  solution 
with  nitrogen  peroxide,  but  I  find  that  the  transformation  does 
not  take  place ;  almost  the  whole  of  the  original  substance  is  precipi- 
tated by  caustic  potash  as  a  red  oil,  which  gradually  solidifies. 

m-yitrobenzylideneaceti/laoetone. 

m-Nitrobenzaldehyde  (7*5  grams)  gradually  dissolves  in  acetylacetone 
(5  grams)  at  the  ordinary  temperature ;  on  adding  4  drops  of 
piperidine,  the  solution  becomes  turbid  after  a  short  time  and  solidifies 
in  the  course  of  a  day.  The  solid  is  only  slightly  soluble  in  cold  alcohol, 
bat  readily  dissolves  in  hot  alcohol,  and  the  solution,  on  cooling, 
deposits  colourless  prisms  which  melt  at  101 — 102°. 

0-2150  gave  04860  COj  and  0  0955  H,0.     C=»61-64;  H-4-93. 
0-2170     „     11-8  CO.  moist  nitrogen  at  22°  and  758  mm.     N-C'll. 
CjjH^O^N  requires  C- 61 -80;  H-4-72;  N  -  60  per  cent. 

The  yield  of  m-nitrobenzylideneacetylacetone  is  85 — 90  per  cent. 
This  compound  is  also  formed  if  the  mixture  of  m-nitrobenzaldehyde 
and  acetylacetone  is  dissolved  in  as  little  benzene  as  possible,  and  the 
iolution  saturated  at  0°  with  dry  hydrogen  chloride.  When  left  for 
2—3  days,  the  whole  sets  to  a  mass  of  cry  stain,  which,  after  reorystal- 
liaation  from  alcohol,  melt  at  the  same  temperature  as  the  foregoing 
preparation. 


BiNXAMUHMB  ON  ot.Briiiic  /^-tUKrroim  I97A 


This  rMtetion  UkM  pl«M  on  mixinf  aiol«cuUr  pcopotUoM  of 
•odiaa  •ilioad«  and  Um  bydroebloridt  of  Um  uiidiM*  dtanltod  la 
abMloto  Aloobol,  Umh  addiof  tbo  olofinie  dikotoso  (1  «oL)  Mid  dlfwl. 
inf  Mm  mixture  for  about  an  hour.  On  dUitlUlion  from  tbo  valor- 
bath,  otbjl  aoetaio  and  alcohol  paaa  oTor  ;  the  yellow,  rotioooa  ro4dM 
is  agitated  with  dilute  hydrochloric  acid,  when  a  portion  is  traae* 
formed  into  a  white  eolid,  whilst  the  other  part  dissolves.  1  bav« 
tried  in  vain  to  purify  ths  solid  by  crystallisation,  but  the  aoalytes 
wkieh  have  been  made  with  various  sped  mans  melting  betweeo 
9S^and  98®,  although  difPering  somewhat  from  eaoh  other,  poiai  to  Um 
formula  CH,*CO*CH:cH-C«H^*NO,  for  mnitrobMisyUdaoaacaloM. 
The  formation  of  this  substance  is  effected  by  the  elimination  of  ooa 
aoetyl  group  from  the  olefioic  diketone.  The  acid  filtrate  from  tkk 
eoapound,  when  treated  with  an  excess  of  caustic  polaab,  jiaUa  a 
▼iaeid  product  which  gradually  hardens.  It  ii  washed  with  water  aad 
dtasolved  in  aloohol,  when  the  solution  slowly  deposits  a  white  sab* 
stance  which  readily  dissolves  in  hot  aloohol  sod  crystallises  from  tha 
solution  in  colourless  needles  melting  at  137 — 138^ 

0-S080  gave  05340  CO,  and  0*0850  U,0.     C - 70-01  ;  H - 4*54. 
0-i056    „     0-5270  CO,    ,.    0-0840  H,0.    C-69-94;  H-4  54. 
0-SlSS    „    26*8  c.c.  moist  nitrogen  at  22''  and  763  mm.  N  •  U«id. 
0-2000    „     26  cc      „  „  22®    „    750  mm.  K  - 14-51. 

C,7H„O,N,ioquir«8C-7010;  H-4'46;  N- 14*43  par  otnk 

This  compound,  as  stated  above,  is  to  be  regarded  aa  aMiitrodi- 
pheoylmethylpyrimidine.  It  it  insoluble  in  cold  hydroehlorioaoid,  aad 
this  circumstance,  together  with  the  fsct  that  it  rsealta  from  tha  aaid 
solution  of  the  product  of  the  reaction  between  bensamidine  and  tha 
olefinic  dikekwa,  laada  to  tha  oooelMioii  thai  ii  ia  formed  by  tha 
gradual  changa  of  a  sobatanea  whieh  is  ftrrt  prodnead,  and  which  ia 
probably  an  open  chain  compound.  The  pyrimidine  darivativa, 
altho«igh  inaolable  in  oold  hydroehlorie  aetd,  diaeolvea  oo  boUiag  for 
aoma  time,  and  yields  a  hydioehlorida,  whieh  erjatallisas  from  tha  add 
solution  in  colourless  plates ;  the  salt,  however,  is  ooetabla^  and,  oa 
drying  at  100®,  losee  hydrogen  chloride.  It  disaolvae  also  in  cold 
concentrated  sulphuric  acid,  and  is  predpitatad  unaltered  by  adding 
water  to  the  solotaon.  * 

m-AminodifkmyimHkyipyrimidim  U  obtained  by  redoeiag  tha  fore- 
going compound  with  iron  and  hydrochlorio  add,  adding  aa  excess  of 
caustic  potaah  to  tha  aolotioo,  and  axicaoling  tha  prsdpitala  with 
alcohol.    Tha  alooholio  iUnte,  on  ooBWtfoHon  and  diUilte  with 
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water,  yields  a  white  emulsion  from  which  colourless  needles  gradually 
separate. 

0-1738  gave  238  c.c.  moist  nitrogen  at  19°  and  772  mm.     N=  16  0. 
Cj^HjgNg  requires  N  =  16*09  per  cent. 

This  compound,  which  melts  at  104 — 105°,  is  readily  soluble  in 
alcohol  or  hydrochloric  acid,  and  the  acid  solution  gives,  with  platinic 
chloride,  an  insoluble  platinichloride. 

Action  of  Benzamidine  on  Benzylidenehenzoylacetone, 

Tlie  mixture  of  benzamidine  hydrochloride  and  sodiam  ethoxido, 
dissolved  in  absolute  alcohol,  turns  yellow  on  treatment  with  benzyl- 
idenebenzoylacetone.  After  leaving  the  product  for  a  day  at  the 
ordinary  temperature,  water  is  added,  when  a  semi-solid  product  separ- 
ates, which  slowly  becomes  hard,  and  this  readily  dissolves  in  alcohul 
or  benzene,  the  concentrated  solutions  depositing  colourless  needles 
which  melt  at  132°. 

0-2142  gave  0-6083  COg  and  01173  H2O.     C  =  77'45  ;  H  =  6-08. 

0-3020     „     20  c.c.  moist  nitrogen  at  16°  and  747  mm.     N  =  7-57 

C24H22O2N2  requires  0  =  7757;  H  =  5-94  ;  N  -  767  per  cent. 

This  compound  is  the  additive  product  of  benzamidine  with  ben-zyl- 
iJenebenzoylacelone ;  it  dissolves  in  cold  dilute  hydrochloric  acid,  and, 
on  boiling  the  solution,  an  oil  separates  which  quickly  solidifies.  The 
solid,  which  crystallises  from  alcohol  in  colourless  needles  melting  at 
148 — 149°,  is  identified  as  dibenzamido. 

0-18579  gave  0*5065  COg  and  0*0838  H2O.     C  =  74*38  ;  H  =  5*01. 
0-2068       „     11-4  c.c.  moist  nitrogen  at  1 00° and  753  mm.  N  «  6*27. 
Ci^HnOjN  requires  0  =  7466;  H  =  4  88  ;  N  =  6*22  per  cent. 

Action  of  m-Nitrohmzcddchyde  on  Benzoylacetone. 

m-Nitrobenzylidenebisbenzoylaceione  is  formed  when  the  mixture  of 
m-nitrobenza1dehyde  (7*5  grams)  and  benzoylacetone  (8  grams),  dis- 
solved in  as  little  alcohol  as  possible,  is  cooled  down  by  ice,  and  pipor- 
idine  (5 — 6  drops)  added  to  the  solution.  After  2  days,  the  whole 
lets  to  a  mass  of  crystals,  which  are  washed  with  alcohol  and  recrys- 
tallised  from  hot  glacial  acetic  acid,  in  which  they  dissolve  with  great 
difficulty.  The  substance  gradually  separates  from  this  solution  in 
colourless  needles  which  melt  and  decompose  at  229—230°. 

01815  gave  0-4720  CO,  and  0  0845  H,0.     0 -70-92  ;  H-517. 

0*2162     „    6  c.c.  moist  nitrogen  at  22°  and  757  mm.    N  -  3*16. 

C^H,,O^N  requires  C - 70*90 ;  H - 5*03  ;  N - 306  per  cent. 


BBII14MIDIin  Oil  OLBTtNIO  /9-DIKITOKCa.  1S77 

Wk'JntrU$maifiiimthmi9jfln$Umt  fa  foftd  bj  au*o]vibg  lU  MijUw« 
of  btoaojUottoM  and  M-iiitrobtatalMij^fa  ia  bMStM,  ■Ottrattef  Um 
ic^-coM  aolnUoQ  with  dry  hydrofo  oJdorid^  md  allowif  tfc>  trtBtioB 
to  rwiiii  for  aboot  S  wotki  at  Um  OfdiMrj  l«ii|w»two  wilil  tlM 
biBMM  hM  OTapormtod.  TIm  yoUow  rwidoo  fa  tiMi  boUtd  vitli  Ufkl 
potiofoiui,  whfah  ozlfMU  Um  oltftnfa  dikotoMb  ^^  <ioM  Ml  dfatolvt 
Um  rMiBoos  bj-prodMt  Um  filir»l«,  on  oooHor.  dtpodto  Ugbl  jdtov 
Boedfas  whkb  melt  at  111— Ua*". 

OS197  gavo  0-5568  00,  aod  0 0910  Ufi,    C - 69'IS  ;  H •  4-60. 
0*5078    „     13-8  C.C.  moist  nitrogeD  at  16^  aod  758  ma.    N-4-89. 
CirH^O^NrtquirwC-edlS;  H-441  ;  N-4  74pweni. 

The  compound  dfasolTes  in  akobol  or  bens«oe  with  Um  fnatitt 
ease ;  its  alooholic  solution  is  not  coloured  hj  ferrfa  cbloride  in  Um 
cold,  but  turns  red  on  warming.  Owing  to  the  OBall  jielcf,  I  have 
beeo  unable  to  stndj  the  action  of  benumidine  oo  thfa  olefin  io  diko- 
tooe. 

m» yjlrobtma^idmtaoiioplkmomt. — With  the  view  of  improriiig  tlM 
yield  of  m-nitrobenxjlidenebensojlacetone,  I  have  repeated  the  former 
experiment^  using  alcohol  as  the  solvent  instead  of  beDitoe.  As  tho 
alcoholfa  solution  of  the  reagents,  after  saturatioo  with  dry  hjdrogeo 
chloride  at  0^,  rapidly  turns  red  and  decomposer,  I  have  only  left  it 
for  5—6  hourr,  subsequently  removing  the  hydrogeo  ehfaride  mad 
most  of  the  alcohol  by  evaporation  m  memo  at  35®,  when  a  solid  Mpar- 
ates  and  the  odour  of  acetophenone  in  perceptible.  The  solid  is  freely 
solobfa  in  benzene,  less  so  in  aloobol,  and  crystallises  from  theafaoholfa 
solution  in  light  yellow  neodfas  whieh  melt  at  145**. 

0-3037  gave  0  5368  00,  and  0^45  H,0.    0  -  70^88 ;  H  -  4*63. 
0-3005    „     14-6  cc.  moUt  nitrogen  at  30®  and  761  mm.    K»5M 
C,(H„0,N  requires  C-7114;  H-4S4;  N-5  5S  peroMl. 

The  yield  of  thfa  compound  U  very  small,  sioee  the  greater  pari  ol 
the  m-nitrobenzylidenebenxoyUcetone,  whleh  uodoabtedly  fa  tfail 
formed,  undergoes  oompleCe  decomposition. 


AcHam  of  m-NUroimmiMpdg  m 

Thfa  reaction  takee  pbce  on  dissolving,  in  mofacular  propotUoas, 
the  mixture  of  the  aldehyde  and  the  ketotM  in  abeoloU  aleohol,aad 
saturating  the  ioe-eold  solatioo  with  dry  bydrofin  ehlorido.  WImb 
left  overnight,  the  whole  eeto  to  a  semi-eoUd  mam,  wUeh  dfanlvw  ia 
boiling  alcohol  and  separates  again  in  fina  aaedlif  BMlUng  at 
166— 167^ 
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0-2620  gave  0-6623  COg  and  0-1078  B.fl.     C  =  68-94;  H  =  4-57. 
0-3079     „     10-8  c.c.  moist  nitrogen  at  21°  and  750  mm.     N  =  3-93. 
01240  gave  0-1240  AgCl ;  CI  =  9-56. 

CjiHigOgNCi  requires  0  =  68-94;  H  =  4-38;  N  =  3-83;  Cl  =  9-71 

per  cent. 

This  compound,  therefore,  is  m-nitrobenzylidenedeoxybenzoin  hydro- 
chloride. In  conclusion,  I  may  state  that  benzamidine  does  not  react 
with  benzylidenedeoxybenzoin. 

GONVILLE  AND  CaIUS  CoLLEOE, 

Cambridge. 


CXXXlll.— Dissociation     Constants     of    Trimethylene- 
carboxylic  Acids. 

By  William  A.  Bone  and  Charles  H.  G.  Sprankling. 

In  the  course  of  our  work  on  alkyl  succinic  acids,  we  have  several 
times  required  information  as  to  the  effect  of  ring  formation  on 
the  dissociation  constant  of  a  substituted  succinic  acid,  as,  for  ex- 
ample, in  the  succeeding  paper,  where  it  was  necessary  to  distinguish 
between  an  unsaturated  and  a  trimethylene  constitution  for  the  acid 
CyHjoO^,  obtained  by  the  action  of  diethylaniline  on  bromotrimethyl- 
succinic  anhydride.  Finding  no  data  available  for  our  purpose,  we 
undertook  a  comparison  of  the  conductivities  of  several  trimethylene- 
carboxylic  acids  with  those  of  the  corresponding  unsaturated  acid, 
containing  two  hydrogen  atoms  less.  We  think  it  desirable  to  record 
these  observations  for  the  guidance  of  others  who  may  make  use  of 
8uch  data  in  the  elucidation  of  constitutional  points.  The  acids  we 
examined  were  the  following  : 

TrimethyUnecarboxylio  Acid  (b.  p.  182—184°). 

0-2666  gave  05247  CO,  and  01 639  HjO.     C- 55*76  ;  H«710, 

O^HgO,  requires  C -55-71 ;  H-6'98  per  cent. 
0-3098  silver  salt  gave  0*  1 738  Ag.     Ag  -  56*06. 

C^II^OjAg  requires  Ag  — 55-95  per  cent. 


TRIHrrUTLKIflOiUiaOlTUO  AaiML  IS7f 


D%m$m 

Mm 

S58 

If. 

«k 

^ 

•i. 

ir   100*, 

17-$ 

6-Sl 

0K)17i 

0-OU173 

35-8 

8-76 

00345 

0-00171 

71-6 

1817 

0O941 

OHMIM 

jr. 

.0-00171 

l\nm§Ayimtl :  1  cyiwrfaiylic  J«i^— The  tpedniMi,  ktodl/  tupplM 
bj  Pii>r6Mor  W.  H.  PM-kio,  melted  at  140— UP. 

«i                            #^.                             m.  r-lOOI. 

3416                    197*3                   0*854  S*01 

68*33                   237*9                   0*670  S-00 

136-64                   373*7                   0*770  1*90 
jr-3-00 


eb-ISiWJfUyfiw-l :  ^-diemioxiflu  Jeid.— Priauiie  erjwUU  (a.  p. 
136-13r*). 

01861  gaTe  0*3140  CX),  and  0*0768  H^O.    0-46-01 ;  H-4*59. 

C^H^O^  i«iairaC-4616;  H-4*63  per  OMtt 
0*22410  sUTer  tali  gave  0*1511  Ag.     Ag-62-68. 

CjH^O^Ag,  require  Ag  -  62*79  par  omI. 


DiMoeiaUm  CmtimU  td  W. 

,.00-356 

«. 

n^                          «. 

ir-iM^ 

50*7 

47*74                   0*1340 

0H>409 

101-4 

6510                   0*1880 

0HM06 

2028 

88*33                   0-3480 
r-0040 

OHM08 

tgtLMkM7VimHk^m»  1 :  %Mearbaxylic  Add  (a.  pi  171—173^ 

0-1 428  gave  0*2409  00,  and  0*0630  H,0.    0  -  46-0 ;  H  -  4*9a 

O^H«0«r«iiiiMO-46  16;  H-4<63p« 
0  3 1 29  nlTer  ^li  gaf|  01 97 1  Ag.     Ag  -  63-03 

Ofifi^Ai^  fwinirM  Ag- 63*68  par  em 
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-  Dissociation  Constant  at  25°. 

fix  -356 

V. 

/*..                               m. 

Jr=l00il-. 

95-02 

46-85                    0-1316 

00210 

19004 

63-71                    0-1790 

00205 

380-08 

85-90                    0-2413 

00202 

7r=  0-0206. 

If  we  now  compare  these  values  with  those  for  the  corresponding 
open  chain  saturated  acids,  from  which  they  may  be  supposed  to  be 
derived,  we  see  that  in  each  case  the  value  for  the  trimethylene  acid 
is  the  higher  of  the  two,  and,  in  the  case  of  the  three  dibasic  acids, 
very  much  higher  than  the  other. 


Acid.  K. 

Trimethylenecarboxylic, 

C.H^O^ 0-00171 

Trimethylene-1  :  1-di- 

carboxylic,  C^HgO^...     200 
cia-Trimethylene-l  :2-di- 

carboxylic,  C^HgO,...     0  040 
<ron8-Trimethylene-l  :2- 

dicarboxylic,  Cj^HgO^      0 


Acid. 


K. 


) 

•0205  j 


Butyric,  C^Hfi^ 000149 

Dimethylmalonic, 
CsHgO, 00760 

Methylsuccinic, 

C^HgO, 000854 


In  the  succinic  series,  therefore,  it  is  to  be  expected  that  a  "  tri- 
methylene "  formation  will  be  accompanied  by  a  marked  increase  in 
the  conductivity. 


Owens  Collegk, 
Mancbesteu. 


CXXXIV. — The  Elimination  of  Hydrogen  Bromide  fiHym 
Bronio-gom-dimethylsuccinic  Acid  and  from  Bromo- 
t7nmethylsuccinic  Anhydride, 

By  William  A.  Bonk  and  Ukrbert  Henstock. 

In  coDtinuation  of  the  researches  carried  out  by  one  of  us  and  Mr. 
Sprankling  on  the  chemistry  of  alkyl  succinic  acids  (Trans.,  1899,  76, 
839;  1900,77,654,  1298;  1902,  81,  50),  we  have  recently  studied 
the  bromination  of  these  subetances  and  the  action  of  diethylaniline 
on  10016  of  the  resultant  bromo-acids. 

It  is  unnecessary  to  make  more  than  a  passing  reference  either  to 
the  bromination  of  succinic  acid  and  its  methyl  derivative,  or  to  the 


BiotfiDi  nuw  RAOMCMiKii-DiinrmTtjtutrtific?  irfn     \%n\ 

iapofftMil  rvUUoQfthipt  which   hat*  hwa  proved   lo  m^^^  uvi«w«i 
■aMo  and  faaario  mUs  m  Um  om  iMili  ud 


aoUa  OQ  Um  oUmt.  Our  koowladf*  with  rtfud  to  oMmt  Ukjl 
■QMiiiie  aeidt  u,  how«v«r,  aooMwhat  limiud,  and  in  etrtaia  ra- 
•pacU  UMalnfaatory.  la  Um  oaM  of  iha  ivo  r  iiinHijWaniiatii 
aeidt»  Hall  aad  Bathbarg  (Air.,  1889,  22,  66)  eUia  to  hava  obtalaai 
bitMBO-«HiimaihjUucciDic  acid  bj  direct  biomioatioQ  of  tha  add  ia  tha 
pceatneii  of  aaMwphoiu  pboiphortia^  On  iha  oihar  hand,  Bkahoff  aad 
Yoit  (Air.,  1890, 28, 645),  aa  wall  aa  Aawm  and  lahiaMr  (Ar.,  1891, 
2^  SS33),  daelara  that,  in  tpita  of  oooddafmbla  rariatioM  io  tha 
azpariaiaotal  cooditiona,  thej  ware  imabla  to  iMlata  anjr  prodaei 
oilMr  than  the  nneatarated  pjrroeiiiebonie  anhydride,  C^II^O^.  Oar 
azpariiaenta  with  cia-e-dimethyUoooinio  add  eeam  to  aooAra  Iha 
obaenrationa  of  the  Uat-namad  workert,  althoogh  it  la  dUkalt  lo 
explain  the  prodnction  of  pjrodnchonie  anhydride  withoal  aawitninj^ 
the  intermediate  formation  of  an  unatable  mooobromo  aaid  in  aeoord- 
aoea  with  the  following  teheme  : 

CH,CHOO,H  *  LCH.CBrOOjHj 


CHpC-OO 
CB 


Ac  present,  we  are  making  further  ezperimanta  on  Uus  MDjvci. 

Some  time  ago,  one  of  us,  with  Mr.  Sprankling,  piapan 
anhydride  bj  the  direct  action  of  bromioe  on  trimethjUuocinic 
in  sealed  tubes  at  130^,  and  also  showed  that  when  this  substanee  ia 
heated  with  diathjUniline  it  loees  hydrogen  bromide  and  yialda  Iha 
anhydrida  af  a  Dew  add,  G^M^^  (m.  p.  UO—UP).  8iaaalhiaadi 
deoolorietd  aold  alkaline  peromnganate  and  readily  yielded 
compoonds  with  bromine  and  also  with  bydrogan  biamide,  we< 

it  as  the  nnsatorated  methyleoedimathyltMdBia  add,  ^  ^^J^i^oS 

(Traas.,  1902,  81,  50).  Some  lima  prerioody,  howavar,  Viaaeoao 
Paolini  (Gaaadte,  1900,  dO,  [u],  497)  had  oUaiaad  tha  aihyl  aslar  of 
an  add,  OAsO«»  appareoUy  isomeric  with  cmt  aaid,  bj  Iha aatkaaf 
pboaphoros  pentaehlorida  on  ethyl  hydrojtylrimethyianadiiHa, 
acid  mdted  at  155— 15|^  and  stnoe  it  adlhar  dudorini 
alkaline  permanganate  nor  exhibited  any  teodeacy  to 
idditiye  oompound  with  hydn^gen  broBidoallha  ocdiaaiy  Imi| 
he  deecribed  tl  aa  dimeihyltriaolhyleuodiiailwffylia  add.  To 
for  such  a  result,  we  most  assume  the  intermediate  formation  of  aa 
unsUble  ethyl  chlorotrimethyliaadnafe,  whaah  tmmadiefely  gives  risa 
VOU  LXXXIII.  5  A 
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to  a  ring  compound  by  elimination  of  hydrogen  chloride  according  to 
the  following  scheme : 

(fO.-C.U,  90j-C,H,  902-CjH. 

CH,-9-CH3  CH^.^-CH,  t^H3-Cv^ 

CH.-^-OH  CH,-C-C1  ^     CH3-<r^     »  "^         • 

COj-CjH,  CC/C^Hj  COj-CjH, 

In  view  of  Paolini's  interesting  observations,  we  have  carefully 
repeated  the  former  experiments  on  the  action  of  diethylaniline  on 
bromotrimethylsuccinic  anhydride,  and  have  obtained  further  con- 
vincing proof  of  the  unsaturated  character  of  the  resulting  acid, 
CjHjqO^,  by  a  study  of  its  physical  properties.  In  this  connection  we 
are  greatly  indebted  to  Dr.  W.  H.  Perkin,  sen.,  who  very  kindly 
undertook  the  determination  of  the  magnetic  rotation  and  refractive 
power  of  the  ethyl  ester  of  the  acid.  One  of  us  is  now  repeating 
Paolini's  work,  since  it  is  important  that  his  conclusions  should  be 
either  confirmed  or  disproved  by  independent  experiments. 

If  there  is  a  tendency  on  the  part  of  halogen  substituted  succinic 
acids  to  give  rise  to  cyclic  acids  in  the  manner  described  above,  we 
might  reasonably  expect  the  tendency  to  be  manifested  in  the  case  of 
bromo-^fiwi-dimethylsuccinic  acid,  thus  : 


^^8>c-C02H  CHg-C-COjH 

HBr   +   H2C<| 


CHg^ 


BrCH-COjH  CH-CO^H 

We  have  therefore  specially  studied  this  case  and  find  that  no 
such  ring  formation  occurs.  On  the  contrary,  when  the  bromo- 
acid  in  question  is  heated  with  diethylaniline,  a  curious  bimolecular 
condensation  takes  place  with  simultaneous  elimination  of  hydrogen 
bromide  (2  mols.)  and  carbon  dioxide  (2  mols.),  according  to  the 
following  scheme : 

(CH3),C-C02H  (CH3),C.C02H 

l**i.9:9^i^  CH 

\-J^ -  I  +  2HBr  +  2C0^ 

JBrrc-iOO^H  CII 

(CH3)3C-C02H  (CH8),C-C0,II 

The  properties  of  this  new  aaaatelramelhylilihi/dromucon'e  aeid  are 
folly  described  in  the  experimental  portion  of  the  paper. 
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I.  Tk«  Aetton0/Di$tk^ianiUn€om  BromQ  gwmd{m4ikpi$M§€inU 
Atid,    •m.'m'T$tram$ikpldikpdromu99ni§  A^id, 

nritmimmiiom  f^  jtm  TiwilHifmaiWu  AM, 

W«  and  Ui4lfM»-aiB«Uijltiiodiiio  adil  it  ftrj  rMidilj  broiainM«a 
simplj  bj  btaiiog  it  with  Um  otloolaUd  qnaaiitj  of  dry  bcvaiM  is 
acd^d  UibM  at  \W  for  6  or  8  boon.  On  opooing  tbo  Ubtt,  a 
^Axmm.  of  hydrogoo  bromido  taoapof,  tbt  cmdo  bromo^eid  twolb  ap 
•idormbly,  and  fioally  remains  in  the  tube  as  a  light  yellow  powder. 
Any  slight  oiotas  of  bromine  or  hydrogen  brooiido  retained  by  the 
subetaooe  can  be  reooioTed  by  keeping  it  at  100^  for  a  short  tiae  la  a 
eorrent  of  dry  air.  The  yield  is  practically  qusntitatire  and  after 
reeryetallisation  from  chloroform  the  pure  6rgie  geanfiiefiif/iiMWwiii 
MMfmeltaat  UO'': 

0-8110  gaye  0-3501  CO,  and  0 0786  H,0.    C-S3  3  ;  H-411 
0*2063    „    01697  AgBr.     Br -3505. 

C«H,0,Br  Inquires  C  -  3300 ;  H  -  4O0 ;  Br  -  35*5  per  eeot 

The  acid  is  very  soluble  in  water,  alcohol,  ether,  and  benseae| 
sparingly  so  in  chloroform,  snd  practically  insoluble  in  light 
petroleum. 

A^Uim  of  Dwikyitmiimt  m  IhiMitf  pm  iim^h^tmmkni^  AM. 

Bitmio-^eiiMlimetbyUuccinic  acid  (27*5  grama)  was  digeetod  Ia 
38  grams  of  redistilled  ditthyUniline  at  130— 140*  la  a  reiat 
apparatus  for  from  2  to  3  hours.  Carbon  dioxide  was  freely  erolTtd, 
especially  during  the  earlier  fUges  of  the  experiment  The  hoi 
liquid,  which  darkened  in  colour,  was  afterwards  poured  into  a  oold 
eolution  of  60  grams  of  caustic  potash  in  100  cc  of  water  and  the 
whole  weU  shaken  for  some  minutee.  The  diethylanUine  wae  therenpon 
extracted  with  ether,  learing  a  brown  solatioB  eoataining  tbs 
potassium  salt  of  the  new  acid.  The  eolution  was  SMde  strongly 
add  with  50  per  cent,  sulphuric  add,  and  filtersd  hoi  from  any 
resinous  matter  which  usually  separated  at  this  stage  of  the 
experiment.  The  oold  filtrate  was  repeatedly  extrscted  with  washed 
ether ;  the  ethereal  emotion,  when  dried  orer  anhydnws  sodim 
sulphate  and  distilled  to  remove  the  eolrenl»  yMded  a  alightly  brown 
oU,  which  rapidly  solidified  to  a  SMSS  of  eiyslalline^  fan-ehaped 
sggregatee.  The  yield  of  the  emas  aeid  was  85  per  asnl  of  iht 
theoretical. 

The  amount  of  carbon  dioxide  evolTed  dnring  the  dlgeiyoA  witk 

5  ▲  S 
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dietbylaniline  was  determined  in  a  special  experiment  in  which  the 
gas  was  drawn  off  from  the  reaction  vessel  through  (1)  a  U-tube 
containing  glass  beads  coated  with  phosphoric  anhydride  to  arrest  any 
traces  of  dietbylaniline  vapour,  and  (2)  a  series  of  absorption  tubes 
containing  a  clear  solution  of  barium  hydroxide.  The  barium 
carbonate  was  afterwards  collected,  washed,  and  weighed. 

r351  grams  of  bromo-^cm-dimethylsuccinic  acid  yielded  1*0991  gramfi 
of  BaCOg,  corresponding  with  02455  gram  of  CO2. 

The  equation  2CaH90^Br  =  CioHig04  +  2C02  +  2HBr  requires  0-2642 
gram  of  carbon  dioxide,  the  amount  actually  obtained  was  therefore 
93  per  cent,  of  this  quantity. 

aaaa'Tetramethyldihydromuconic  Acidy 

C02H-c(CH3)2-ch:ch-c(ch8)2-C02H. 

The  crude  acid  obtained  in  the  foregoing  experiment  was  purified 
by  dissolving  it  in  a  slight  excess  of  a  strong  solution  of  sodium 
carbonate;  some  more  resinous  matter  separated,  and  this  was 
extracted  with  chloroform.  After  acidifying  the  solution  with  60  per 
cent,  sulphuric  acid  and  extracting  with  ether,  we  obtained  a  nearly 
colourless  oil,  which  soon  solidified  to  a  white,  crystalline  acid  melting 
at  62°. 

The  acid  crystallises  well  from  light  petroleum  (b.  p.  30—50°),  but 
care  should  be  taken  that  the  solvent  does  not  actually  boil  during 
the  process  of  solution,  otherwise  the  acid  suddenly  creeps  up  and  over 
the  sides  of  the  containing  vessel.  After  some  time,  nuclei  appear  on 
the  surface  of  the  cooled  solution,  and  rapidly  attract  particles  from 
the  surrounding  liquid.  The  minute,  crystalline  aggregates  thus 
formed  soon  fall  to  the  bottom  of  the  vessel,  when  they  grow  into 
transparent,  prismatic  crystals  some  2  or  3  mm.  long.  The  most 
perfect  crystals  we  obtained  exhibited  well-defined  prism,  pinacoid, 
and  dome  facets  (either  monoclinic  or  triclinic) ;  most  of  the  crystals 
melted  at  68°,  one  or  two  of  the  purest  melting  very  sharply  at  70^. 

0-2998  gave  06580  CO,  and  0-2160  HjO.     C - 59*84 j  H-800. 
CjoHijO^  requires  0  =  6000  ;  H-800  per  cent. 

A  determination  of  the  molecular  weight  by  the  cryoscopio  method 
gave  M  - 190  ;  OioHj^O^  requires  M  -  200. 

The  following  analysis  of  the  silver  salt  proves  that  the  acid  is  di« 
b«sic. 

0*1320  gave  0*0784  Ag.     Ag- 52*27. 

■     ^o^H^i-^^f  requires  Ag  -  521 0  per  cent 
The  acid  is  extremely  soluble  in  water,  alcohol,  ether,  chloroform 
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and  bMMDo.    lu  ftqatoot  •olaUon  ioiBMakttly  ifinnlnrinij  a  ool4 
•olvlioa  of  poUadaa   ptrmangmiiaU  rmidm%d  dkaliM  by   todioM 


lu  •iMUricml  oondueiiTtij  wm  dHMwiMd  for  foiir  dilvlloM  a  SO* 
with  iht  followiDf  retttlU : 


M»-8W. 


r. 

m- 

Mi 

U'  ;    A' 

33 

6-74 

00193 

0(Miir,.i4 

46 

91H) 

0K)385 

0O01817 

93 

13  86 

0-0398 

a001775 

184 

1954 

0-0558 

0-001793 

The  BMAn  of  the  last  three  dilutiont  ie 

JT- 0-001795. 

This  Terj  low   value  for  eo   uotaturated  dibetio  acid   may   be 
compared  with  the  folIowiDg : 


jr. 

jr. 

Famari. 

0-093 

Meiaoooic 

0-0794 

Maleic 

1170 

Citraconic 

03400 

The  eooeta&t  of  oar  new  acid  is  only  about  oae-ifili  of  thai 
of  the  peM-dimeihyUaccioie  acid  (if- 0*00805),  whieh  eerved  ae  the 
•tartiof  point  in  its  preparation.  We  infer,  therefore,  thai  the  two 
earbozyl  gronpe  are  very  widely  separated,  and  that  of  the  two 
pcedble  ttereoiioneric  forms  of  tetramethyldihydroBMonto  ectd,  this 
add  ii  the  famsroid  modi6catioD,  thos  : 

00,H'(CH,\,C-CH 

HCO(CH,),00,H  • 

This  view  is  also  aapported  by  the  fact  that  the  aod  dwtnivd 
unchanged  under  the  ordinary  preesnre;  the  diitillate  eottdlled  at 
once  in  the  receiver,  and  the  solid  melted  at  68^.  Moreover  a  mistvre 
of  eqoal  parts  of  the  solid  and  the  original  add  likewise  OMlled 
at  88^. 

When  boiled  with  acetic  anhydride,  the  add  yidded  a  Uqnld, 
resembling  an  anhydride,  which  distilled  batweeo  118^  and  ISO^  wider 
30  mm.  pressure.  The  liquid  did  not  solidify,  even  whea  left  forsoMe 
time  in  a  vaeauB  over  edid  potash.  It  dieeolvad  iaboiliaf  water,  aad, 
on  coolinf  the  ■otetioD.a  ma«of  silky  naedlet  tepaiated  whieh  malud 
at  80— 81^ 

Subeeqnent  experiments  showed  that  the  aaid  oo«ld  be  Irmosforaed 
into  theee  needle-like  crystals  simply  by  hoiliaf  it  with  dilute  salph- 
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uric  acid.  The  acid  dissolved  in  the  warm  liquid  and  on  raising  the  tem- 
perature an  oil  separated ;  this  redissolved  when  the  liquid  was 
boiled ;  finally,  on  cooling,  a  mass  of  white  needles  appeared. 
These  melted  at  61°  and  were  identical  with  the  needles  obtained 
when  the  product  of  the  action  of  acetic  anhydride  on  the  original 
acid  was  dissolved  in  boiling  water.  This  curious  behaviour  suggested 
the  formation  of  a  lactonic  acid,  or  possibly  of  a  dilactone,  but 
subsequent  examination  of  the  composition  and  properties  of  the 
acicular  crystals  did  not  support  this  view.  Analysis  showed  that  this 
compound  has  the  same  percentage  composition  as  the  original  acid, 
thus : 

0-1446  gave  0-3162  COo  and  01074  B.f>.     0  =  5975;  H  =  8-20. 

CjoHigOy  requires  0  =  60-00;  H  =  8-00  per  cent. 
0-1804  silver  salt  gave  0*0934  Ag.     Ag  =  51-77. 

OioHj^O^Agg  requires  Ag  =  52-1  per  cent. 

Moreover,  its  electrical  conductivity  at  25°  was  almost   identical 
with  that  of  the  original  acid,  thus  : 


/*« 

=  350. 

V, 

/v 

m. 

K=100k, 

40 

9-32 

0-0266 

0-00181 

80 

13-05 

00373 

0-00181 

160 

18-47 

0-0528 

0-00184 

320 

25-90 

A'= 

0-0740 
000183. 

000185 

This  led  us  to  think  that  the  solid  (m.  p.  61°)  is  a  dimorphous  form 
of  the  original  acid,  a  supposition  which  was  strengthened  by  the  fact 
that  on  recrystallising  the  needles  from  petroleum  ether,  we  obtained 
prismatic  crystals  melting  at  68°,  similar  to  those  described  on  p.  1384.^ 

Oxidation  of  tlie  Acid  unth  Alkaline  PemianganaU, 

In  order  to  confirm  the  formula  assigned  to  our  acid,  we  studied  its 
oxidation  with  alkaline  permanganate  at  0°.  The  latter  was  rapidly 
decolorised,  and  we  recovered  from  the  liquid  a  good  yield  of  the  corre- 
sponding dihj/droxy-acidf 

CO,H-0(OHj),0H(OH)-0H(OH)a(0H,),-CO3H, 
which  melted  at  129— 130^ 

01060  gave  0-1962  CO,  and  0*0726  H,0.    C  -  60-95  ;  H  -  7-7. 
^loWjgOa  requires  0-61-2  ;  H-7-27  per  cent 
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II.  7^  Jir/iMiM<ifiOM  o/  ti}fdrofn  Bromide  from  Br0m0' 
frim«lAy/«iicciN  j«  Ank^dridt,  i/«lAy/«ii«</iNi«lAyl> 
0U€cinic  Aeid, 


ThiM  MrfwrimfDU  w«rt  aDd«rUkMi  in  oH«r  to  obteia  firllltr 
•ndttioe  M  to  th«  coosUtuiion  of  ibo  ad«U  obtaiood  bj  ib«  mUoo  oI 
aUnUt  and  di«UijkiiiUoo  on  the  broaoCria«ilijl«Moiale  Mlijdri4« 
d«teribed  bj  Bone  and  Sprankliog  in  a  prarlooi  paptr  (Tkmat..  190?, 
81,  50). 

A.  Action  </  AUokUic  Potash,    I/ykw^inmtlhptmtcitUt  Add, 

To  a  hot  aolation  of  18  grams  of  eaoslio  potash  in  60  e.e.  of  ■tthjl 
alcohol  were  oaatiously  added  10  grams  of  bromotrimethjlsnreioje 
anhjdnde.  The  liquid  was  boiled  for  30  minutes,  the  alcohol  distUUd 
off,  the  residue  dissoUed  in  250  ce.  of  water,  and  iho  tolstta 
eraporatod  to  dryness  on  a  waterbsth.  Finallj,  tbo  reddna  was  rt* 
diasolvad  in  water,  the  solution  strongly  scidiBed  with  dilate  tolphark 
acid,  and  extracted  with  ether.  In  this  waj  a  yellow  oil  was 
obtained  which,  when  left  OTamight,  eel  to  a  whito,  eryttalliM  aeid. 
After  racrystallisaUon  from  hot  baoiiDa,  tho  mbttanet  Balled  U  I5P. 
The  acid  did  not  decolorise  alkaline  permanganate,  and  its  properlfat 
ware  identical  with  thoae  of  the  hydroxy  trimeihylsoooinie  add 
when  the  prodoet  of  the  condensation  of  ethyl 
and  hydrogen  cyanide  is  hydrolyeed  with  salphoric  add. 

01640  gave  0-2872  CX),  and  01012  H,0.     C -47-70;  H-e-80. 

CyHjjOj  tequiras  C  -  4773.     H  -  6  82  per  cent. 
0-1870  silver  salt  gave  01036  Ag.     Ag-55-40. 

C^Ui^O^Ag,  raqoiies  Ag- 53*36  par  eeni. 

Tho  electrical  condnoiivity  of  tho  add  wae  deiwndnod  al  2S^. 

/Ho -851. 


«. 

/^ 

M. 

r- 106ft. 

14 

37-51 

01068 

0K>9U 

28 

52-31 

0-1490 

0iW31 

56 

71-77 

0-2045 

0H)9I8 

112 

9710 

0-2766 

0^)943 

The  mi 

ianoflM 

Uat  three  dilutions : 

r-0H)938 

This  value  is  appioximately  three  tioMs  ao  groat  at  thai  of  tbo  or^glaal 
trimethylsoednie  add  (AT- O-OSS^y.  Sabolitnlioa  of  H  bjOH  in 
an  organic  add  almost  alwaya  ineroaooo  tho  UNMlutUHty  oonsidotmbly, 
as  the  following  typical  ezamploo  ihow : 
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K.  K. 

Succinic  acid 00067  Tricarballylic  acid 0*0224 

Malic         „  00395  Citric  „    0-1580 

Tartaric     „  0-097 


B.  Action  of  Diethylaniline.     Methylenedimethyhucdnic  Acid. 

The  action  of  diethylaniline  on  bromotrimethylsuccinic  anhydride 
and  the  subsequent  isolation  of  the  resulting  acid,  C^HjqO^,  have 
already  been  described  by  Bone  and  Sprankling  {loc.  city  1902,  81, 
50).  We  now  wish  to  add  that  it  is  very  important  not  to  overheat 
the  diethylaniline  solution  of  the  bromoanhydride,  a  temperature  of  120° 
being  quite  suflBcient  to  effect  the  elimination  of  hydrogen  bromide. 
If  the  temperature  rises  much  beyond  130°,  some  charring  occurs,  and 
the  amount  and  quality  of  the  product  are  poor.  With  proper  care, 
the  yield  of  acid,  C^H^qO^,  may  be  as  high  as  80  per  cent,  of  the 
theoretical ;  the  pure  acid  melts  at  141°. 

0-2876  gave  05624  COj  and  0-1688  HgO.     C  =  52-92  ;  H  =  6-46. 

C7H10O4  requires  0  =  5310.     H  =  632  per  cent. 
0-2575  of  the  silver  salt  gave  0-1498  Ag.     Ag  =  58-17. 
CyHgO^Agg  requires  Ag  =  58-06  per  cent. 

The  acid  is  easily  soluble  in  water,  alcohol,  and  ether ;  sparingly 
so  in  benzene  and  chloroform,  and  quite  insoluble  in  light  petroleum. 
It  gives  an  insoluble  calcium  salt  when  a  solution  of  the  neutral 
ammonium  salt  is  boiled  with  calcium  chloride. 

With  acetyl  chloride,  it  yields  its  own  liquid  anhydride,  which  distils 
over  between  210°  and  215°  under  atmospheric  pressure. 

0-2030  gave  04480  COj  and  0-1114  HgO.     C  =  60-l ;  H-6-06. 
CyHgOg  requires  C  =  60  0 ;  H  =  5*71  per  cent. 

The  acid  we  obtained  by  dissolving  this  anhydride  in  hot  water 
melted  very  tharply  at  142  5°,  and  was  undoubtedly  a  very  pure 
specimen. 

We    shall     now    discuss    the    new    evidence    in    favour    of    the 
CHjIC-COjH 
unsaturated      formula,     CHg>^l  p^  u)  assigned  to  the  acid  by  Bone 

CHj  * 

and  Sprankling  in  1902. 

(1)  In  the  first  place,  the  purest  specimen  of  the  acid  obtained 
rapidly  decolorised  a  cold  solution  of  potassium  permanganate  made 
alkaline  with  pure  sodium  carbonate.  The  acid  also  absorbed  bromine 
or  hydrogen  bromide  in  the  cold. 
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following  rwulU : 

f^ 

-358. 

«. 

iw> 

M. 

ir-iM». 

10 

1376 

0-0391 

0OI59 

SO 

19-70 

0O560 

0-0166 

40 

87-73 

0O788 

00166 

80 

38-50 

0-1094 

0*0166 

MaaaoT  ihiM  U»i  dUuiiont,  f- 0-0167. 

Thu  Talae,  which  is  only  half  that  of  Um  original  tritthykocdnic 
add  (r-0O331),  it  hardly  compatible  with  iha  tuppodtioD  of  a  **tri- 
moUiylena "  oonttitution  for  the  acid.  From 
raeoidad  in  tha  praoading  paper,  wa  have  good  raaaon  for 
thai  iba  oonatant  of  a  trimeihyleneearbozylic  add  would  ba  Mgliar, 
and  in  most  eatea  considerably  higher,  than  that  of  the  oorreapoodiog 
opan  diain  satorated  acid  containing  two  additional  hydrogen  aioaa. 
The  eonstani  of  onr  now  acid  is,  moreover,  about  33  per  eent.  higher 
than  that  of  methjlenesucdnic  (itaconic)  acid  (AT- 00181),  a  fact 
qoite  in  aoeordanoe  with  oar  earlier  obsenrationa  that  alkylation 
alweys  raieee  the  diaeoetation  eooetaat  in  the  suocinie  sariea. 

(3)  We  converted  the  acid  into  iU  diathyl  eatar  hj  haatiBg  U  wHk 
solphoric  acid  and  ethyl  alcohol  in  a  reflax  apparatoa.  The  para  ailar 
waa  a  ooloorless  oil  with  an  ethereal  odoar  ;  it  boiled  at  186 — 187^ 
nnder  80  mm.  pressure. 

0*8368  gave  0*5324  CO,  and  0  1841  Bfi.    0-6147  ;  H-6-63. 
C„H„O«requireeC-61'60;  H -8*41  per  esoi. 

This  oil  was  sent  to  Dr.  W.  U.  Parkin,  aen.,  who  vary  kindly 
determined  iU  rslntftiva  power  and  magnaiie  rotation.  Hit  rsport^ 
which  is  very  daelalva  in  favour  of  an  **  onaaloratad  "  aa  agaiMl  a 
'*  trimethylene  "  constitution,  is  appended. 

The  determination  of  iha  magnette  rotation  of  the  aat«r,;C,|H|/>^ 
gave  the  following  resulla : 

DmuUy:  d  6«/6»- 1-0884        d  15716<»- 1-0188       d  86786*- 1-0061 
rfW/lO*- 1-0169        il80»/80»- 1-0091 

I-IO-T".  8p.fot.-l-014r.        Mag.  rot-ll-916. 

The  estimated  rotation  of  ethyl  trimethylsuodnaU  is  1 1-806*.  The 
value  for  the  ring  cofowad  eorraeponding  witk  Ikia 
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coDtaiDing  two  hydrogen  atoms  less  will  be  0*6°  lower  (Trans.,  1902, 
81,  294),  or  10*605°;  and  as  this  is  very  much  lower  than  the 
value  actually  found,  therefore,  the  formula 

9H. 

CH, 

cannot  be  correct. 

If  the  rotation  of  the  new  compound  is  compared  with  that  of  ethyl 
trimethylsuccinate,  the  values  are  respectively  11*925  and  11*205, 
the  difference  being  +  0*720. 

The  value  fouud  is  seen  to  be  considerably  higher  than  that  of 
ethyl  trimethylsuccinate,  and  this  is  always  the  case  with  unsaturated 
compounds,  so  that  the  new  ester  appears  to  be  an  unsaturated 
substance  consistent  with  the  formula  : 

■  h'cic'-co/C^Hj  ■ 

But  this  difference  of  +0*720  is  peculiar  ;  in  esters,  it  is  generally 
as  high  as  +1*112,  unless  allyl  is  present,  when  it  falls  to  +  0*918,  so 
apparently  there  must  be  something  in  the  structure  of  this  compound 
which  causes  this  unusually  small  difference.  In  hydrocarbons, 
however,  the  difference  for  unsaturation  is  always  about  +0*720°,  so 
that  this  amount  does  not  stand  alone  in  the  case  of  the  above 
compound. 

B^ractive  Power. 
Density  17-6°/4°=  1-00968. 

t  =  Wi  .  /*.  d  d 

a  „  1*43577  0-43159  92*360 

P  „  1*44635  0*44108  94*391 

y  „  1*45037  044505  95*241 

Dispersion,  Hy-  Ha  -  2*881 . 

H«. 

n  ir  r.      i    i  *  j  /Saturated  90*80 

C„H,,0,  calculated  I  ^^^^^^^^^ ^g.jg 

These  numbers  correspond  with  the  magnetic  rotation,  inasmuch  as 
they  show  that  the  substance  is  unsaturated,  the  difference  in  this 
being,  like  that  of  the  rotation,  somewhat  smaller  than  usual. 
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In  oooeltuloii,  ih«  authoiv  teirt  to  •Mpnm  iMr  Uti  Uumki  fa 
Dr.  Ptokin,  md.,  for  hii  kind  inUrMi  mi4  Mp  in  iIm  miUr 
Ui«  R«Mrch  Pand  CommitU»  of  the  ObMiical  SoeiHy  for  »  gnioi 
which  eoabled  thoM  to  poreboat  iho  mAlorids  uitd  to  Um 


OwBxt  OqluboIi 
UunmwnwM, 


CXXXV.—The  Formation  of  Urea  hyihe  Direct  Hydro- 
lysis  of  Lead  Oyanate, 

By  Alkxamdu  Chaelu  Ccjmfiito,  B.80.    Koroot  RoaMfoh  SehoUr  in 
the  Universiij  of  Melbourne. 

CiUDK  potoamoBn  ejmnaia  was  distolved  in  eold  wAUr,  tho  otrboiMlo 
precipiutod  bj  mauit  d  kMmum  nitrate,  and  the  aolatioii,  aftor 
filtoring  throogfa  aooUon wool  plog,  was  tveatod  wtib  lead  nitraia.  Tbo 
predpitatod  lead  cyaoato,  which  wae  WAtbed  ptrtlj  with  oM  aad 
partlj  with  hot  water  and  dried  on  the  water-bath,  wae  found  to  eon- 
■ut  of  aggregalaa  of  fine  adcular  crystals  which  p^lariaad  light. 

Aft«r  thiw  mootlit,  a  weighed  quantity  was  boiled  with  a  ■eaeurad 
oxeeea  of  atandard  nitric  add,  and  when  it  had  all  diMolrad  tba  renain* 
ing  add  waa  eetimated  bj  titrating  baek  with  standard  alkali.  Ooo 
molowde  of  lead  ejanate  might  be  ezpeetod  to  oootrah'ee  four  equina 
lents  of  add,  aoeording  to  the  equation  :  Pb(CNO),  +  4H  NO,  -••  SH^O* 
Pb(NO,),-|-  2NH4NOJ  +  SOO^  but  only  about  one-half  this  aoioant  waa 
required.  It  waa  erident  that  aome  change  had  occurred,  and  two 
explanelaoM  mn  poeaiblo;  (1)  that  Hm  aabataBOt  wma  load  oarboaaltb 
formed  from  tlio  eyaaate  aad  walar,  the  amiMiwn  earbooato  fooMdal 
the  same  time  bdng  lost  in  the  drying,  Pb(OKO),-l-4H/)-PbOO^-l* 
(NH4),(X),;  (2)  that  the  prodpitato  ooodetwl  of  a  mistwa  of  kad 
carbonate  and  urea,  Pb(CNO),-l-8HfO-PbOOg-l>OONtH«. 

The  following  are  the  numbers  for  the  firtt  quantitatiTe  experimaat : 
0*280  gram  of  the  soppoaad  lead  cyaaato  neutralised  18'7tt  OA  of 
2i/l0  add,  the  oaleaklo^  amoonU  for  lead  oyaaat«»  lead  oarboaata, 
and  lead  earboaate  and  urea  bdag  88*4, 210,  and  17*1  oa  raspaslifaly. 
These  figores  sopported  the  idea  that  it  was  lead  oarbooala  aad  area, 
the  amount  of  the  lattor  bdng  eomewhat  loss  ibaa  thai  rsqoirsd  by 
the  equation. 

Some  of  the  snbstanoe  was  then  washed  with  aloohol,  aad«  ea 
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evaporating  off  the  alcohol,  transparent  crystals  were  obtained  which 
gave  the  qualitative  tests  for  urea. 

In  order  to  find  out  definitely  how  the  action  had  occurred,  a  care- 
fully prepared  specimen  of  lead  cyanate  was  boiled  with  water  for 
one  or  two  minutes,  when  it  was  found  that  almost  all  the  original 
crystals  had  disappeared,  being  replaced  by  small,  amorphous  granules 
and  some  perfect  crystals  of  lead  cyanate,  which  were  very  much 
smaller  than  the  original  crystals.  The  presence  of  these  minute 
crystals  show  that  lead  cyanate  must  be  somewhat  soluble  in  hot 
water,  although  it  is  evidently  quickly  decomposed  by  this  solvent. 

The  few  original  crystals  remaining,  when  examined  under  a 
polarising  microscope,  were  found  to  be  granular  in  structure,  and 
were  evidently  only  pseudomorphs,  the  granules  of  lead  carbonate 
having  retained  the  form  of  the  crystalline  lead  cyanate. 

When  left  for  a  day  in  cold  water,  the  lead  cyanate  crystals  were 
found  to  contain  a  few  of  these  granules,  which  slowly  increased  in 
number,  but  even  at  the  end  of  two  weeks  they  only  represented  a 
small  fraction  of  the  whole  substance.  The  hydrolysis  of  lead  cyanate 
evidently  occurs  at  the  ordinary  temperature,  but  exceedingly  slowly. 
All  trace  of  the  crystalline  structure  was  destroyed  by  drying  at  100°, 
the  change  into  carbonate  being  apparently  complete. 

This  ^nethod  of  following  the  change  of  lead  cyanate  into  lead 
carbonate  by  means  of  the  microscope  proved  very  useful  for  qualita- 
tive work,  and  gave  also  a  rough  estimate  of  the  amount  of  change. 

A  portion  of  the  lead  cyanate,  which  had  been  washed  with  absolute 
alcohol  immediately  after  its  preparation,  retained  its  crystalline  form 
when  dried  in  a  vacuum  desiccator. 

This  loss  of  the  crystalline  form  is  due  to  the  hydrolysis  of  lead 
cyanate  into  amorphous  lead  carbonate  and  urea.  The  latter,  being 
Boluble  in  water  and  alcohol,  may  be  readily  and  completely  separated 
from  the  carbonate  by  either  of  these  solvents.  Some  lead 
cyanate  was  boiled  for  several  hours  with  water,  the  solution  filtered, 
and  the  precipitate  washed  with  alcohol.  The  filtrate  and  wash- 
ings left,  on  evaporation,  a  crystalline  mass,  which,  after  one  crystal- 
lisation from  alcohol,  was  identified  as  urea  by  analysis  and  by  the 
ordinary  reactions,  including  the  biuret  test  and  the  formation  of  the 
sparingly  soluble  nitrate  and  oxalate.  The  crude  product,  which  con- 
tained a  trace  of  biuret  and  a  lead  Fait,  melted  at  118^  but  these  im- 
purities were  completely  removed  by  one  crystallisation,  after  which 
the  melting  point  was  129^130°. 

When  determined  by  the  freezing  point  method  in  aqueous  solu- 
tioD,  the  molecular  weight  of  the  specimen  was  found  to  be  64*6,  the 
oaloalated  value  being  60' 1. 

Soma  lead  cyanate  which  bad  been  precipitated  and  washed  with 
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iot^old  wftUr  aod  draiMd  for  a  ftw  miiitiiw  wm  wmM  low 
with  abcoluU  alcohol  and  tbto  driod  in  a  vnonns  dtdooitor.  Am  II 
was  found  thai  drj  load  ojanaU  kapl  porCaell j,  ihk  aaapU  vat  Mid 
in  all  the  following  •zperimanta.  To  aaotriaja  ih«  jiald  of  orta, 
1S*SS7  grama  of  the  dry  lead  cjranaU  wart  haaiad  with  waUr,  which 
waa  ali^oai  at  the  boiling  point,  for  two  houra,  and  aftar  two  daja  Iha 
watar  waa  poured  off  through  a  filiar  and  the  pradpiuta  wiihad 
with  alcohol.  Evaporation  of  the  filtrate  and  waahiaga  gava  a 
erjatalUne  maaa,  which  waa  dried  until  of  constant  waighl  and  tbts 
watghad  2*448  grama»  being  equiTalent  to  10*8  par  oant;  the  caloolatad 
jiald  of  urea  from  abaolutelj  poia  lead  ojanate  ia  20*8  par  oaoi. 

The  following  analytical  mathod,  bated  on  the  dUbraoea  la 
alkalinity  of  lead  cyanata  before  and  after  bydrolyaia,  waa  aaad  to 
aaoartain  to  what  extant  lead  eyanate  has  been  hydrolysed  in  any 
particular  experiment.  A  weighed  quantity  of  the  dry  eyanate  was 
treated  with  a  known  amount  of  acid,  added  either  at  onoe  or  after 
the  salt  had  been  acted  on  by  water  in  any  required  manner.  After 
boiling  and  cooling  the  mixture,  the  exoaas  of  add  waa  found  by 
tatratiiig  back  with  alkali. 

The  specimen  of  lead  eyanate,  prepared  aa  already  deseribed,  waa 
titrated  with  the  following  reeulta  : 

01698  neutralised  21*8  cc.  A/10  add.     Pb(CNO),  -  88-0. 
0-2000  „  25-9        ^        „  Pb(CNO),-89i. 

A  combustion  of  the  same  aample  yielded  only  1*9  par  oaai.  of 
■MMatara.  Theae  reaulu  lead  to  the  following coadoriooa :  (1)  that  the 
lead  eyanate  is  partially  hydrolysed  in  waahing,  the  area  prodooed  baiag 
lamovad  during  this  operation  ;  (2)  that  the  sample  oontainad  88*7  par 
caot.  of  lead  cyan&te,  9*6  per  cent,  of  lead  carbonate,  and  8*9  par  aask 
of  moisture. 

PoHions  of  this  preparation  were  submitted  to  further  hydrolyala 
after  weighing.  In  one  case,  0*291  gram  waa  twiaa  evaporated  to 
dryness  with  water  on  the  water-bath,  and  waa  then  foond  to  neatralisa 
20*1  cc.  of  A/IO  add,  which  indioataa  thU  altogathar  over  98  par 
oent.  of  the  aample  was  now  hydrolysed  into  oarbonata  and  urea.  Tkia 
bears  out  the  oondusioo,  based  on  the  actual  yield  of  urea,  that  the 
action  is  almoat  quantitative. 

In  anoihar  eaa^  0-208  gram  of  the  lead  cyaoata  waa  boated  with 
20  cc  of  watar  at  80»  for  43  houra.  Tha  Bixtvra  waa  tlMa  foaad  lo 
neutralise  15  2  cc  of  A/IO  add,  which  indicataa  a  total  bydrolyaia  af 
almoat  90  per  cent.,  ao  thai  tha  aeUoo  ai  ihia  tampaiatera  ia  eoM> 
paratively  slow. 
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Svmmary, 

1.  Lead  cyanate  is  readily  and  quantitatively  transformed  into  lead 
carbonate  and  urea  by  direct  hydrolysis  with  boiling  water,  this 
reaction  furnishing  a  quick  and  simple  method  for  obtaining  pure  urea. 

2.  The  change  can  te  followed  qualitatively  with  a  microscope, 
advantage  being  taken  of  the  fact  that  lead  cyanate  consists  of  small 
acicular  crystals  which  polarise  light,  and  that  as  the  action  proceeds 
these  become  replaced  by  amorphous  granules  of  lead  carbonate. 

3.  The  progress  of  the  action  can  be  followed  quantitatively  by  the 
alteration  in  the  alkalinity  value,  which  indicates  the  amount  of 
hydrolysis,  since  pure  lead  cyanate  neutralises  twice  as  much  acid  as 
the  products  of  its  hydrolysis. 

4.  No  evidence  has  been  obtained  of  the  formation  of  ammonium 
cyanate  as  an  intermediate  product.  The  method  is  therefore  quite 
different  from  that  of  J.  Williams  (/.  Chem.  Soc.,  1868,  21,  63), 
who  used  lead  cyanate  as  an  intermediate  substance  in  order  to 
obtain  pure  ammonium  cyanate,  from  which  he  prepared  urea  by 
Wohler's  well  known  method. 

This  work  has  been  carried  out  in  the  Chemical  Laboratory  of  the 
University  of  Melbourne,  and  I  desire  to  express  my  best  thanks  to 
Professor  Orme  Masson  for  the  valuable  help  he  has  so  kindly  given 
during  the  progress  of  this  investigation. 


CXXXVI. — The  Estimation  of  Ilydroxylamine. 

By  Humphrey  Owen  Jones  and  Frederick  William  Carpenter. 

Tub  authors,  while  attempting  to  estimate  hydroxylamine  in  the 
preseQoe  of  inorganic  salts,  found  that  all  the  methods  hitherto 
datoribed  for  the  estimation  of  liydroxylamine  were  very  unreliable  in 
the  presence  of  many  substances  which  would  not  be  expected  to 
interfere  with  the  reaction.  Moreover,  most  of  the  methods  suffered 
from  other  defects,  such  as  being  affected  by  the  rate  of  titration 
and  temperature,  even  when  a  pure  hydroxylamine  salt  was  used. 

The  authors  have  therefore  worked  out  another  method  for  the 
Mtimation  of  hydroxylamine,  depending  on  the  reduction  of  cupric 
oxide  to  cuprous  oxide,  which  is  free  from  these  defects. 

Meyeringh  (/?«r.,  1877,  10,  1940),  who  first  investigated  methods  for 
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tU  qoMiUuiU*  f«tiiDAUon  oT  hjdroxjlMiiAC^  propotid  to 
%hm  bM«  in  thrM  dtfftrMi  wajii. 

(1)  Bj  Utration  with  iodine  io  prttiooi  of  ■Tifntilt  or  addinai 
P^Mph*^.  The  rMOtion  which  UkM  pUco  wat  abown  to  bm 
SNH,0  +  21,  -  N,0  + 11,0  +  4  H  I. 

(3)  Bj  hMUog  with  ferric  lulphaU  and  Utratkm  of  tho  fontrat  mIi 
prodooed  with  pwmaogmnate  or  diobrooMOo^  Iho  rtMlloo  in  thb  omo 
bting  2Fe/to,),  +  SNH,O.UCI  -  iPtSO,  +  %B^^  +  N,0  +  H/)  ^ 
SHOL 

(S)  Bj  titnOion  with  •tandard  Fehliug'c  tolution.  It  wmt  provod 
that  nitrous  oxido  was  prodooed,  and  the  reaction  wa>  ranroMntod  hv 
the  equation,  SNH.O  +  4CttO  -  N,0  +  2Co,0  +  SH,0. 

Haga  (Trans.,  1887, 51, 794),  who  examined  the  meUiod  of  Utration 
with  iodine,  found  that  the  best  substance  for  remoring  the  bfdriodie 
add  was  sodium  hydrogen  carbonate,  and  that  dilution  had  a  marked 
offe^  'ooooentrated  solutions  requiring  lees  iodine,  and  verj  dilute 
■olatiooe  taking  more  iodine,  than  that  indioated  hj  theory.  Moreovsr, 
thopfteence  of  carbon  dioxide  or  of  neutral  alkali  talUv  such  as  eodiiam 
ohloride,  always  increaeed  the  quantity  of  iodine  required. 

Ifaxwell  Adams  (Amer.  Chem,  /.,  1902,  28,  198),  who  found  that 
the  titration  with  iodine  in  presence  of  msgnesia  and  sodium  hydrogeo 
earbonate  was  untrustworthy,  accordingly  used  sodium  phosphate,  and 
obtained  good  results  when  the  proportion  of  hydroxylamine  and  the 
phoaphate  waa  kept  approximately  constant. 

Tlio  anthors  find  that,  on  using  any  of  the  three  reagents  propoeed 
to  rmnoTe  hydriodic  acid,  the  results  obtained  are  untrustworthy,  and 
an  affected  by  dilution,  by  the  rate  at  which  iodine  eolutioo  ie 
added,  and,  very  largely,  by  the  presonoe  of  impurities. 

The  following  experiments,  selected  from  a  large  number,  esrro  Io 
ihow  the  magnitude  of  theee  eifeeCe. 

Ten  O.C.  of  a  solution  of  hydroxylamine  hydrochloride,  which 
theoretically  required  28*6  cc.  of  iV/10  iodine  solution,  were  need  for 
the  following  experiments. 


Conditions  of  czpsrimeat 


ccoriodiatislatka 


addod    tSca 

iihosphstisdasd  ..m ••Irf***^*- 

Sodiasi  hjdfofea  cariMNMU  ^1^^' 

lfMBsris;i7e.e.oCfa»diassddcdfa|>ktlr  »2  ** 

MiSMsia  -I-  tnes  of  SBOMmiaa  chloride  M^J  .. 

MssTiisii   I  tfife  nf  airkil  siluhsfs N't,, 

aodOnm  phosphau  -i-  tnes  of  alaksl  salphsto   »7— Mcc 
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The  end-point  in  most  cases  was  very  slowly  attained  and  uncertain. 
In  estimating  pure  bydroxylamine  solutions^  sodium  phosphate  is  un- 
doubtedly the  best  reagent  for  removing  hydriodic  acid,  as  stated  by 
Maxwell  Adams  (loc.  cit.). 

This  investigator  found  that  Meyeringh's  second  method  was  un- 
trustworthy, the  amount  of  permanganate  or  dichromate  required 
depending  on  the  quantity  of  ferric  ualt  employed. 

The  authors  found  that  the  amount  of  ferrous  salt  produced  depended 
on  the  strength  of  the  solution  of  bydroxylamine,  the  time  of  heat- 
ing, and  the  amounts  of  ferric  salt  and  acid  present,  even  when  the 
reaction  was  caiTied  out  and  the  mixture  cooled  in  an  atmosphere  of 
carbon  dioxide.  The  quantities  of  permanganate  solution  used,  in  a 
series  of  experiments  made  with  the  same  quantity  of  bydroxyl- 
amine solution  under  varying  conditions,  varied  between  120  c.c. 
and  15*77  c.c,  so  that  no  trustworthy  results  can  be  obtained  even 
with  pure  bydroxylamine  solutions. 

Simon  (Compt.  rend.t  1902,  136,  1339)  proposed  to  estimate  bydr- 
oxylamine by  titration  with  potassium  permanganate  in  neutral  solu- 
tion and  in  presence  of  rather  more  than  one  molecule  of  normal  sodium 
oxalate  to  each  molecule  of  bydroxylamine.  Under  these  condi- 
tions, the  reaction  is  represented  by  the  equation,  4(NH20H)2,HjCj04  -h 
2KMnO,  -  2MnC20,  +  2KHC2O,  +  NgO  +  3N2  -H  ISHjO. 

The  authors  found  several  difficulties  in  carrying  out  this  estimation 
which  rendered  it  unsuitable  for  their  purpose. 

It  was  found  difficult  to  make  solutions  of  free  bydroxylamine  and 
acid  solutions  of  its  salts  exactly  neutral,  since  the  use  of  an  indicator 
had  to  be  avoided  owing  to  its  action  in  causing  the  solution  to 
become  brown,  and  thus  making  it  impossible  to  see  the  end-point  in 
the  subsequent  permanganate  titration.  The  amount  of  permanganate 
required  varied  somewhat  with  the  rate  of  addition  and  also  with  the 
amount  of  oxalate  present.  The  former  effect  is  not  surprising,  since 
the  reaction  is  far  from  simple,  and  potassium  hydrogen  oxalate 
is  one  of  the  final  products. 

The  authors  now  turned  their  attention  to  the  reduction  of  copper 
oxide  by  bydroxylamine,  as  proposed  by  Meyeringb,  but,  apparently, 
never  used  subsequently,  and  found  that  a  simple  and  trustworthy 
method  of  estimation  could  be  based  on  this  reaction.  The  method 
of  titration  was  found  to  be  inconvenient  on  account  of  the  un- 
oertaiuty  of  the  end-point,  and,  moreover,  did  not  give  very  consistent 
reeulte. 

It  was  found  that  on  pouring  a  solution  of  pure  bydroxylamine 
hydrochloride  into  a  quantity  of  boiling  Fehling's  solution  or  the 
•opper  poteadam  carbonate  solution  of  Soldaini  {GagzeUa,  1876, 6, 
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SaS)  and  Oil  {Btt,.  1890. 33, )  035),*  rmialag  Um  aUioiv  lo  Um  boUiaf 
poiBl»  ooltofitiiif  Um  prveipiuud  ouprooi  oiid*  oo  iabwloi  Ml  ia  * 
Qooob  lttb».«nwibl«  of  JtDa  g Um,  rtduoiaf  ia  kjdrogw,  Md  wWf  hlof 
tb«  €opptr  thiit  produeid,  vtrj  ooortuii  rtMlU  wwt  oUdMd,  whicb, 
kowavtr.did  imH  htm  with  ih«  UMOftOoa  valoit  calmtUud  fi 
•qoaUoii  4CoO  ^.  SNH,*OH  -  tOii,0  ^  N,0  ^  SH/). 
TIm  following  ar«  two  MiimAtiooa  mado  bj  thU 
ih«  agrMmtDt  among  th«  rttolu  obUintd  : 

(i)  1*6087  grami  of  MH,*OH,Ha  in  SOO  ex. :  10  oa  gart  0  UU 
gram  of  On  or  19S*i  grams  par  gram-molaonla  of  KS|*OIi. 

(u)  1*4813  gramt  of  NH,0H,HC1  in  350  co. :  10  ao.  gara  0104« 
gram  of  Cu  or  1 32*7  grama  per  gram-mokottla  of  NH^ 'OH. 

The  hydrozylamina  hydrochloride  a«ed  throogbont  tkeee  ezpeffimeoU 
wat  prepared  by  cryBtallisiog  the  b«et  commercial  ipeeiBMO  obtain* 
able,  from  hot  98  per  cent  alcohol  oontaining  a  drop  of  platinio 
ehloride,  filtering,  and  drying  in  vacuo  over  oaleiam  oxide;  it  «*« 
found  to  contain  CI  -50*7  per  cent,  (theory,  51*0). 

The  aaae  kind  of  denation  was  obeerred  whm  the  coproue  oxide 
was  eeUmated  by  the  method  propoeed  by  Wood  and  Berry  (/Vm. 
CtmL  PkiL  Soe^  1902,  la  2.  97)  and  by  Sonntag  {Ckmn.  C^nir,,  1903,  i, 
998)  for  the  estimation  of  sugars.  The  coproos  oxide,  after  being 
i?ollegt»d  on  asbestos  felt  in  a  Gooch's  crucible,  was  washed  with  boUiaf 
water  and  transferred  to  a  widemouthed  etoppered  bottle,  already 
filled  with  carbon  dioxide.  A  Bolulion  of  ferrie  salt»  containing  35 
grams  of  ferric  alum  and  5  c.c.  of  strong  sulphoric  acid  in  500  OA 
of  water,  was  added  in  snfficient  qoanUty  to  dlMolve  the  ooprow 
oxide  ;  a  portion  of  the  same  solution  senred  to  ooapleCely  removn  aU 
traces  of  cuprous  oxide  from  the  crucible.  On  shaking  the  bot«K 
the  enprove  oxide  rapidly  dissoWed,  and  the  ferroos  salt  prodneed 
was  eetimated  by  Utration  with  poUMiom  permangaaaU:  4UIaO« 
corraponds  to  10NH,K)H. 

The    foUowing    experimenU   correspond     with    those 

above  : 

Ten  C.C.  of  the  fir%t  hydroxyUmine  eolntioa  required  31-9  ca  of 
permanganate  (1  cc- 0*00321  gram  of  KMoO,)  or  «0*7  graiM  of 
KMn04  per  gram- molecule  of  NH^-OU. 

Ten  c.c  of  the  eeeood  solntaon  reqntrsd  io  i  c.c,  oi  ih 
of   permanganaU  or  ^-83   grama  of   Klfa04    ptr 

•  Tbif»latioalsbMt»sde  by  dlssslvfa^  3I-»  ^lais  ef 
gnms  of  potaariam  esrtoastab  sad  100  gnoss  «f 
water,  warmiag  oatil  complats 
litre. 
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of  NHj'OH,  the  value  calculated  from  the  copper  ohtaioed  being 
60-71. 

The  theoretical  values  of  copper  and  potassium  permanganate  are 
127-2  and  63*2  respectively. 

There  is,  therefore,  a  deviation  of  about  5  per  cent,  from  the 
theoretical  value  in  each  case. 

Various  modifications  of  the  experiment  were  made  in  order  to  find 
out  the  cause  of  this  discrepancy.  It  was  found  that  the  relative 
proportions  of  the  hydroxylamine  and  copper  solution,  duration  of 
boiling,  and  amount  of  ferric  solution  used  had  no  effect,  dilution 
had  a  slight  but  decided  effect,  the  amount  of  permanganate  used  rose 
gradually  to  about  6 2  0  grams  as  the  solutions  were  diluted  from  1  to 
005  per  cent,  of  hydroxylamine  hydrochloride. 

It  was  then  found  that  practically  theoretical  results  could  be 
obtained  if  the  hydroxylamine  solution  was  added  slowly  to  the 
copper  solution,  the  latter  being  well  stirred  and  kept  boiling  during 
the  addition.  About  25  c.c.  of  the  hydroxylamine  solution  were  added 
from  a  pipette  directly  into  about  60  c.c.  of  a  well-stirred  boiling 
copper  solution.  The  precipitated  oxide  was  treated  in  the  manner 
already  described,  any  cuprous  oxide  deposited  on  the  stirrer  being 
easily  dissolved  off  subsequently  by  the  ferric  solution. 

The  rapid  mixture  of  the  hydroxylamine  with  the  copper  solution 
evidently  determines  the  completion  of  the  reaction,  and  it  may  be 
suggested,  on  the  basis  of  the  following  experiment,  that  when 
hydroxylamine  comes  into  contact  with  excess  of  copper  oxide  the 
former  is  oxidised  to  nitrous  oxide  according  to  Meyeringh's  equation, 
4CuO  +  2NH80  =  2Cu20  +  N20  +  3H20,  but  that  when  there  is  an 
excess  of  hydroxylamine,  nitrogen  is  produced,  thus :  2CuO  +  2NHj»0H  -• 
CujO  +  Nj  +  SHaO. 

This  view  is  supported  by  the  following  experiment  on  the  gas 
evolved  from  Fehling's  solution  (the  copper  potassium  carbonate 
■olution  is  inconvenient  on  account  of  the  carbon  dioxide  evolved). 

Twenty-five  c.c.  of  a  solution  containing  0*0948  gram  of  hydroxyl- 
amine hydrochloride  gave  16*0  c.c.  of  gas  at  20°  and  759  mm.  (solution 
added  without  stirring).  Volume  corrected  to  0°  and  760  mm.  ^m  14*6  cc. 
Theory  requires  15*2  c.c. 

This  gas  contained  nitrous  oxide,  but  on  explosion  with  hydrogen 
and  electrolytic  gas,  6-4  c.c.  of  the  gas  only  gave  a  contraction  of 
5*6  o.c,  so  that  it  must  have  contained  some  nitrogen. 

The  mixture  produced  by  adding  the  solution  from  a  dropping 
funnel  to  a  closed  fiask  was  not  sufficiently  intimate  to  give  pure 
nitrous  oxide. 

The  following  experiments  serve  to  show  that,  in  all  oaaes  under 
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Some    of  tbo  above 
solution  and  some  with  copper 
the  same  in  both  cases.    The  Utter 
accxmnt  of  the  naall  chango  which  it 
beeaoM  the  caproos  ozido  froa  FoUing'a 
much  BMffo  thorooghly,  othorwiM  tbo 
end-point  in  the  permanganate  titration 
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oxide  precipitated  from  these  two  solutions  by  sugars  does  not  arise 
when  hydroxylamine  is  used. 

The  reaction  is  particularly  free  from  the  disturbing  effects  of 
impurities,  which  constitute  its  chief  claim  to  superiority  over  other 
methods.  Potassium  and  sodium  salts  have  no  effect.  Solutions  con- 
taining ammonium  salts  must  be  boiled  sufficiently  to  expel  all  the 
ammonia,  in  order  that  no  cuprous  oxide  may  be  held  in  solution  by 
the  ammonia. 

Cobalt,  nickel,  and  zinc  salts  have  no  effect  when  present  to  the 
extent  of  about  0*4  per  cent.,  and  although  large  quantities  apparently 
have  no  direct  influence  on  the  reaction,  yet  owing  to  the  formation  of 
a  precipitate,  which  greatly  delays  the  filtration,  some  of  the  cuprous 
oxide  is  probably  oxidised,  and  low  results  are  accordingly  obtained. 
Excess  of  carbon  dioxide  or  small  quantities  of  alcohol  and  acetic  acid 
have  no  effect.  Ketoximes  have  no  effect,  except  on  very  prolonged 
boiling,  when  a  very  slight  reduction  is  effected. 

University  Chemical  Laboratory, 
Cambridge. 


CXXXVII. — A   Study  of  the    Isomerism   and    Optical 
Activity  of  Quinquevalent  Nitrogen  Compounds, 

By  Humphrey  Owen  Jones,  M.A..,  B.Sc,  Fellow  of  Clare  College  and 
Jacksonian  Demonstrator  in  the  University  of  Cambridge. 

The  experiments  described  in  this  paper  were  undertaken  with  the 
object  of  investigating  more  fully  the  extent  and  nature  of  the  iso- 
merism among  quinquevalent  nitrogen  compounds,  and  particularly  that 
isomerism  which  might  theoretically  be  expected  to  exist  in  substituted 
ammonium  salts  of  the  general  type  NR'R"R3"'X.  Difficulties  were  met 
with  both  on  account  of  the  extremely  slow  rate  at  which  some  of  the 
compounds  are  formed,  and  also  owing  to  the  fact  that  it  was  found 
impossible  to  effect  some  of  the  desired  combinations.  It  has  not  been 
found  possible  to  prepare  compounds  exhibiting  the  expected  isomerism, 
but  since  most  of  the  compounds  prepared  during  the  course  of  the 
investigation  have  not  hitherto  been  described,*  and  as  the  non- 
existence of  the  isomerism  has  an  important  theoretical  bearing,  the 
following  account  of  the  work  is  presented  to  the  Society. 

The  isomerism  of  quinquevalent  nitrogen  compounds  has  already 

*  A  note  WM  published  by  the  author,  in  which  a  few  of  the  compouDds  fin^ 
prepared  were  deeoribed  (/Voc  Camb.  Phil,  Soc^  1»01, 11,  111). 
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%hm  Mibjwi  of  A  Urg«  naoiW  oC  iovwMfilitM.  Lb  IS«1 
(Cofl^  f«idL,  1891 . 1 12,  734)  fooad  tUt  r^micUHmm  §kmmm  0MMi4  a 
dilute  0oluiioii  of  moihjUUijlpropylMobui/lMUBOttiMi  oUorMc  to 
Mqaire  a  mnall  but  fugiUrc  roUtorj  po«tr«  Mid  alto  ubm  ml 
oerUin  diflmooM  in  er7tUllio«  form  io  toMt  TirwifiTHili  la  wIMi 
ibr««  of  Um  ndieltt  w«ro  identical.  Tha  kttar  phanoaanon  ■afti 
be  atinbuted  io  dimorpbicm. 

Sebiyrar  and  OoUia  {Chmn.  >««•,  1891,  63*  174)  prepaivd  diaibji 
iMamylaadna    plaftiniehlorida    in   iba    tbrM    poaribla    waj^    and 
oblataad  two  compoonds  differing  in  eryttalline  form ;  ibis  diffevenee^ 
whieb  readilj  diMppeared  on  recryitalliettion,  ie  abio   probablj  doa 
to  dimorpbiem. 

Wadakind(A«-..  1899,  d%  517,3561)  prepared  two  itabia  iMimaridae 
of  pbanjlbentylmetbjlalljlammoDium  iodide,  and  af terwarde  deeeribad 
two  ieomeric  methyl  beDijUllylteobatjUmmoniam-y-aoetate  brovidee 
and  two  eeta  of  ieooMrie  tatrabydroqninoUne  dariratiret*  Tbe  e»ittenoe 
of  tbe  last  tbree  pain  of  iaomaridee  baa  tinoe  been  eootredieted  bj 
Wedekind  binuelf  (Bm-.,  1902,  35,  3580  ;  1903,  36,  1158),  and 
iba  first  pair  etands  alone  aa  tbe  onlj  known  ease  of 
among  qoinqneTalent  nitrogen  eomponnds  in  which  all  tbe  §w% 
radieke  are  different.  The  a-modificati  on  of  Wedekiod'a  salt  bas 
bean  reeolred  ioto  opUcallj  active  forms  by  Pope  and  Peacbey 
(Tkmai^  1899,  76,  1137),  tboa  conoltuirely  proving  tbe  atooue 
natore  of  tbe  compound  and  iba  stability  of  its  spatial  oonfiguratioB. 

Two  of  the  configurations  proposed  for  tbe  nitrogen  atom,  namely, 
tbe  "double  tetrahedron*'  stmctore  propoeed  by  Willgerodt  and 
tbe  "pyramid"  configuration  proposed  by  Biseboff,  eipUin  tbe 
above-mentiooed  results  sattsfaeCorily,  but  tbe  former  osnally 
reqoiree  tbe  larger  number  of  isomerides  and  doee  not  explain  tbe 
phenomena  obserred  by  Kipping  (eee  p.  1403X  so  tbat  tbe  latter  wUl 
be  used  tbrougbout  the  present  paper. 

It  is  readily  eeen  tbat  with  this  eonfignration  two  isomsridsi  of 
tbe  compound  KR'R'B,''X  should  ext*t.  which  would  be  repre- 
Moted  a«  follows  : 

I:  .   i; 

and 


N 


B' 


The  first  of  theee  is  pUaisyaMMtrie  and  might  be  expected   to 
exist  in  one  optically  inactive  form  only,  iba  eeeond  U  asj 
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and  should  therefore  exist  in  two  enantiomorphous    optically  actire 
forms,  represented  thus : 


^"K 


and 


R" 


\ 


/x- 


R' 


^JR- 


IV. 


With  Willgerodt's  con6guraf.ion,  there  should  be  three  isomerides 
and  one  of  these  should  exist  in  enantiomorphous  forms. 

A  number  of  substituted  ammonium  iodides  of  this  type,  produced, 
with  one  exception,  in  two  ways,  have  been  examined  for  optical 
activity  by  fractional  crystallisation  from  non-hydroxylic  solvents 
of  the  cZ-camphorsulphonates  (salts  of  Reychler's  acid)  and  the 
d-bromocamphorsulphonates  (Pope  and  Peachey's  method). 

In  all  cases,  the  compounds  produced  in  different  ways  were  found 
to  be  the  same,  as  shown  by  taking  the  melting  point  of   a  mixture  of 
the  two  preparations,  which  themselves  had  the  same  melting  points, 
and  were  also  identical  in  solubility,  crystalline  appearance,  and  optical 
properties.     In  many  cases,  when  the  velocity  of  reaction  between  the 
tertiary  amine  and  the  alkyl  iodide  was  suflBciently  great,  the  combina- 
tion was  effected  at  0°,  and  the  crystallisation  was  carried  out  in  an  ice- 
chest  at  as  low  a  temperature  as  possible.    All  the  compounds  examined 
were  found  to  be  optically  inactive  ;  the  salts  with  the  above-mentioned 
optically  active  acids,  on  examination  in  aqueous  solution,  all  showed  the 
molecular  rotatory  power  of  salts  of  the  respective  acids  combined  with 
an  inactive  base,  and  the  values  were  not  changed  by  recrystallisation. 
In  many  of  the  compounds  prepared,  it  is  clear  that  the  limit  of 
the   so-called  "space   tilling"    ("  Raum-erfUllung ")    has  nearly  been 
reached,  as   shown   by  the    extremely   small   velocity  of    formation 
of    the  compounds.      In  some  cases,    the    amine   and   alkyl   iodide 
only    combined    to  a  small  extent  after  several   months.      Also   in 
the  case  of    phenyldibenzylmethylammonium    iodide,   the   compound 
could  not  be  produced  by  the  union  of   methyl  iodide  and  dibenzyl- 
amline  (Proc.,    1901,    17,   205).     The  absence  of  isomerism  cannot, 
therefore,  be  attributed  to  this  cause.      Again,  unless  all  the  com- 
pounds examined  are  partially  racemic,  which  is  very  unlikely,  the 
oompouDd   formed  in    all    oases    is    inactive,    and    therefore     has 
the  planisymmetric  configuration,  which  would  naturally  be  the  more 
stable  of  the  two  possible  configurations.     It  might  be  supposed  that 
the  absence  of  activity  is  due  to  spontaneous  racemisation  caused  by 
the  greater  mobility  of  the  groups  used  and  to  the  limit  of   "  space 
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fiaiQf  "  not  baTiDg  bMO  ippwobil  lo  Um  mm  mImiI  m  io  Ummb- 
poaad  rwol?«l  bj  P6pt  *od  PiiMtey.  Thai  Uiii  U  Doi  ao  b  alMw* 
bj  Um  iMi  ih%i  two  oompooadb  MMiiMd  bjr  Um  mUmt,  MMly, 
pbiiiylbin^lflMUiyloihjUMMmiaa  lodidt  mi4  plMjlMlbjIilliyl. 
aUjlMNMBim  MiiK  nailhar  of  whfeb  hM  bMo  tbovD  lo  Mfal  fci 
isaelhrt  imitrito,  euk  h%  obUiiMd  in  opUoOly  Aciif«  fonM. 

Some  •xpUnatioD  of  Um  abtMice  of  this  iinairiMi,  Iht  iJJrtinog  if 
-iTTh  — ^f  1^  ^1  iTrrrtnil  frnm  thinrifinil  nnnilitMHioei,  ■■■!  tkarfwi 
baaonght.  Tboaotbor  hM<May«d|NibUeaaDDUtaUMfMdl8of  Ki|^ 
ping's  toTotUgAlkNM  on  ibe  Uomerum  of  (bt  eompoiuidft  of  lb«  Ijrpt 
NBHgX,  in  wbieb  R  and  X  both  cooUin  an  atymatiiie  «arbon  alom 
(Timna,  1900,77, 861, and  1901, 79. 430,  thU  vol,  p.  918, 937),b«abMn 
bcongbt  to  a  dofioite  cooolufioD,  as  it  was  clear  tbat  ihaeo  tzptri* 
MMits  bad  a  diroct  bearing  on  those  describod  in  thia  paper,  and  anti 
ba  wwHJdnrod  before  any  deBoite  theoretical  ooaelmion  can  bt  nadMd. 

li  maj  fairly  be  a«nmed,  until  direct  efidioen  to  Um  oonlfmry  is 
fbrtbooming,  that  the  three  radicles  in  a  trifabnl  nitrogen  eomponad 
lie  in  one  pUne,  there  being  as  jet  no  direct  eridenee  either  againel 
this  aetnmption  or  in  faTour  of  the  raggeetion  made  bj  Pope  and 
Harrej  (IVana,  1901,  79,  8S8)  as  applied  to  the  oeae  of  nitrogen,  thai 
dunog  the  change  from  tri-  to  quioque-Talencj  a  change  of  Talenej- 
direction  takes  place,  and  that  therefore  the  three  vaUnoias  naed 
not  be  in  one  plane.  This  assamption  and  the  Ifanfunh  Werner 
theory  of  the  isomerism  of  the  ozimes,  kc,  are  nol  niainirily  iaeom 
patible,  since  it  is  quite  coDceirable  that  the  forasation  of  a  donbia 
union  maj  oanse  a  change  in  valenoj-direetion  giving  riee  to  tbn 
Saoasaridea  in  qnastion,  or  the  isomerism  might  arise  as  snggaatad  hgr 
Piekaring  (Trans.,  1893,  63,  1073). 

The  negaUTo  reeult  of  theee  experimenU  was  most  simply  expUined 
by  aasnming  tbat  the  three  Talendaa  of  tba  triralant  nitrogen  atom 
wei«  in  a  pinaa,  and  that,  in  beaoming  qntnqnavalant,  tba  alkyl  haloid. 
RX,  was  added  on  symmetrically  at  right  angles  to  this  pbaa  aaaa  lo 
giveriseto  a  molecule  baWog  practically  the  donbla  talrabadral  aooCgnr> 
ation,  tearrangemeot  then  took  plaea  leading  to  a  change  in  tba  valancj- 
direction  with  the  formation  of  a  moiaania  haTiag  tba  pjnunidal  aas- 
figuration.  This  rearrangement  woald  aanaa  tba  indiala  R  to  aomn 
between  two  of  those  already  existing  in  tba  OMlecole,  and  in  eo  doing 
ii  would  take  up  a  poaitton  giving  risa  to  tba  iMal  aymmatrinsl  (and 
tbaiefora  the  meet  stabia^^onflgnratioo,  namaly,  tba  plaaiBymmetric  (I). 
This  hypothesis,  however,  although  it  affords  a  aati*fseCor/  aiplanarian 
of  tba  nntbor's  experiments,  wUl  not  exphun  tba  sfistanss  of  Iba 
obasrvad  by  Kipping  unices  it  is  aaanmii  tbnl  in  tba  onn 
tba  fcarfangenmnt  has  ocoorrsd  with  tba  prodnalion  af  mm 
in  tba  other  it  baa  not  taken  piaaa  at  aU. 
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KippiDg  (this  vol.,  949)  has  suggested  two  hypotheses  which 
explain  the  formation  of  two  isomeric  (/-hydrindamine  <i-camphor- 
Bulphonates ;  the  first  assumes  that  the  new  radicles,  H  and  X,  are 
added  to  the  trivalent  nitrogen,  in  which  the  three  existing  groups  are 
in  one  plane,  in  such  a  way  that  a  pyramidal  configuration  arises.  In 
this  case,  it  is  necessary  to  make  the  further  assumption  that  the 
addition  can  take  place  in  any  one  of  the  three  planes  of  the  original 
triangular  configuration,  or  else  this  kind  of  isomerism  would  not 
arise,  since  it  vanishes  if  the  asymmetric  carbon  atom  be  made  to 
occupy  the  apex  of  the  pyramid.  This  hypothesis  demands  that,  in 
the  addition  of  R"'X  to  NR'R"R"',  the  compound  which  arises  should 
correspond  with  one  of  the  types  : 


or 


R' 


\ 

A 

\ 

>".. 

/R' 

/ 

\  '■ 

/ 

\1 

R" 


VI. 


both  of  which  should  exist  in  optical  antipodes.  None  of  the 
compounds  produced  in  this  way  could  be  resolved  into  optically 
active  forms :  hence  this  hypothesis  does  not  explain  the  results  of  the 
author's  experiments. 

The  second  hypothesis  is  that,  addition  having  taken  place  as  above, 
a  molecular  transformation  occurs  during  which  the  acidic  radicle 
changes  positions  with  one  of  the  hydrogen  atoms  of  the  original 
amine,  thus  giving  rise  to  one  isomeride,  the  other  being  the 
untransformed  additive  product.  This  hypothesis  will  explain  the 
formation  of  the  planisymmetric  compound  by  the  addition  of  R'"X 
to  NR'R"R"'  and  R"X  to  NR'R,'",  if,  as  above,  it  is  assumed 
that  the  addition  can  take  place  in  any  one  of  the  three  possible 
planes.  It  is  clear,  however,  that  in  this  case  also,  the  untransformed 
product  should  be  an  isomeric  substance  of  the  existence  of  which 
there  is  no  evidence.  The  slight  difference  observed  by  Kipping 
between  the  two  hydrindamine  hydrochlorides  derived  from  the  a- 
and  /S-camphorsulphonates,  which  could  only  be  shown  by  reconverting 
them  into  the  oamphorsulphonates  (this  vol.,  943)  does  not  exist  in  the 
present  instance.  The  oamphorsulphonates  prepared  from  two  speci- 
mens of  phenylbenzyldimethylammonium  iodide,  produced  in  one  case 
by  the  addition  of  methyl  iodide  and  in  the  other  by  the  addition  of 
benzyl  iodide,  are  identical  in  every  respect,  as  are  also  the  camphor- 
sulphonates  and    the  bromocamphorsulphonates  obtained  from  two 
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oi  phmyldiffitihjItMbtttxUinaooiuai  iodide  prtprad  ia  tW 
two  poariM^  wajf. 

TlM«xktoiiMor  Uf  qalimnrforetdpfod^glM  >  ■tabJtlwwMt  b 
probablj  diM  to  •om*  tpMiml  rinmiiMlmtn,  ai,  for  furtinot,  Um 
pteetoM  of  two  Mjmmatrio  earboB  atoou  ia  iha  aaaa  of  Um  lijdriad> 
amina  oamphonolpboaataa  la  iba  Ufki  of  Um  abaonaal  bobaytow 
of  Kippiag*!  /8-tMMBarida,  it  was  ooaaUUrtd  adn^bla  to  obtala  tba 
oaapkortnlpboData  of  Wadakiad't  /9-ooaipouDd  and  la  ata  if  it 
babafad  in  a  nimiUrlj  aoaaMdoat  saaaar.  This  waa  aafarCoatolj 
not  foand  practicable  od  aooouat  of  tba  asEtianalj  taall  jiald  of  Um 
/^iodide  which  waa  obtaioad. 

Tha  qoMtion  of  the  exitteooo  oC  optical  activity  in  cyclic  ammoaium 
conpoonds  of  the  pyridine  and  tetrahydroqainolina  lariee  bae  aba 
been  investigated,  Theoretioally,  «•  and  /3-eabeUtQtad  pyridiaiaa 
oompoaods  and  tetrahydroquinoHne  deriratiTee,  O^H|^.NR'R''X, 
•hooki  exist  as  optical  antipodes,  since  the  moleculae  of  tbeea  ooai- 
ponnda  hare  no  plane  of  symmetry.  Pipendinium  compoondo,  OB  tba 
other  hand,  can  take  up  a  planisymmetHo  configuration,  and  beaoQ 
would  not  be  expected  to  exist  in  optically  active  forma* 

Tba  autbor  has  submitted  the  camphonulpbooatas  and  bromo* 
oampborsulpbonates  of  sereral  of  these  salts  to  a  long  series  of 
oryiteHisstioni  from  non-hydroxylic  solvents,  but  in  all  ea«es  the 
moleonlar  rotatory  powers  of  the  salts  were  practically  identical  with 
tiMitof  salts  of  Um  respeotiva  aeida  aad  inaotive  basso.  It  is  possJblsb 
altbongh  not  likely,  either  that  all  the  salts  aiimiiMd  ars  partially 
raoemic  or  that  there  is  some  other  hitherto  unsospeeted  reason  for 
the  onsocoeosful  aUompCa  to  resolve  ibaas  oooipoaiids.  The  abasnaa 
of  aeUvity  in  tbaaa  oompoaada  Is  iaazpUeabIa  oa  tba  cnrrsot  vioffs  aa 


*  Siaes  ths  abovs  was  vrittsa,  Bamwdig  aad  Kippiag  (this  voL.  p.  1111)  havs 
pabUibsd  aa  aeooont  of  ao  ttasaestarfal  attaaipt  to  iwolvt  thrw  pip«iaiaiaai 
sosipoeada.    It  may  tbawfow  bs  osaeledtd  that  tWst  aaipoaads  aw  sjw— Iriwl 

Wadddad  hat  alw  leomUy  {ML  fkgmktL  CSUa..  ItOt,  46,  tU)  givM  aa 
aeeout  of  his  iswwusiflJ  sttsmpCs  Is  ivslve  y-lolylbMqrhattbykayhsiM nsisB 
ittdidaiato  active  ibnat  by  tbs  IbsHsaal  ctystslHmUsa  ef  lbs 
oaata.  This  adt  is  very  •imilar  ia  ilraetaie  te  that  iwolvid  by  Fpfs  and 
aad  adght  eartainlj  be  expected  to  uadwgs  iMUatlsa  ia  a  i 
H  bahavas  qaito  difibnatly.  It  aiay  tlmdhi  i  bs  sT  latSiMt  la  wssid  a 
wiciiwflU  attaaipl  lo  nsolvt  pbsaylawtbybtbylallylimMMlaM  mmfk 
a  adtwhlsbcrystallindiiadilyia  hMtnas  pibaM  Belli^  at  la-lfO*. 
eerenJ  ctyalalKtieae,  twyaeiMilvi  frasUMM  gave  (MV  -49  1*  sad  MT 
icspeetively ;  then,  after  thrta  meri  oyataUlMlioas,  tba  valae  of  (M)»  was  n't*,  a 
valnaveiycloeetethatofthaaaldisioBtM'r.  Tbsbms  wmi>  bewsm,  apfswally 
waJved  by  tha  ctyslsllfaatiii of  tba  d-lnBHSByliiMliilisiti  Tkstettbsl 
anexpectad  diflcallisi  tbassifas  la  lbs  lemlslfaa  ef  ateapa  wpsaadi  Issf  saa- 
siderabia  tatsnat,  aad  May.  as  aaggtiJ,  asosaal  for  lbs  Boa-r«Mlatisa  sT  lbs 
«yelle« 
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to  their  constitution,  and  there  is  no  evidence  in  support  of  any  one 
of  the  possible  explanations  which  might  be  suggested  to  account  for 
this  unexpected  phenomenon. 


HiXPEBI  MENTAL. 

Phenyldhnethylallylavimonium  iodide  was  prepared  by  mixing 
molecular  quantities  of  dimethylaniline  and  allyl  iodide  in  the  cold ; 
the  mass,  whi(  h  solidified  in  about  twenty-four  hours,  was  pressed  out 
on  a  porous  plate,  and,  when  crystallised  several  times  from  a  mixture 
of  absolute  alcohol  and  ether,  separated  in  colourless,  prismatic  crystals 
melting  at  86 — 87°.  It  was  found  to  be  identical  in  every  respect 
with  that  obtained  by  the  union  of  methyl  iodide  with  methyl- 
allylaniline,  even  when  both  combinations  were  allowed  to  take 
place  at  0°  and  recrystallisation  carried  out  at  a  comparatively  low 
temperature. 

I.  0143  gave  0241  CO2  and  0074  H.p.     C  =  46-0  ;  H-5-73. 
II.  0-3857  on  titration  required  133  c.c.  NflO  AgNOg.     I  =«  438. 
CiiHjgNI  requires  0  =  4583  ;  H  =  5-55  ;  I=.43'9  per  cent. 

Phenyldimethylallylammonium  d-camphoi'sulphonate  was  prepared  by 
mixing  together  molecular  quantities  of  the  iodide  (18  grams)  and 
Reychler's  silver  c^-camphorsulphonate  (20  grams)  with  ethyl  acetate 
and  a  few  drops  of  alcohol  and  heating  for  about  one  hour  on  the 
water-bath,  after  filtering  and  evaporating.  The  gummy  residue, 
which  readily  becomes  crystalline  on  rubbing,  is  very  sparingly 
soluble  in  ether,  but  readily  soluble  in  ethyl  acetate,  chloroform,  and 
fairly  so  in  benzene ;  it  crystallises  in  monoclinic,  colourless  plates, 
which  melt  sharply  at  156°. 

I.  03774  gave  12*9  c.c.  moist  nitrogen  at  21°  and  766  mm.  N«3*89. 
II.  0-1668  gave  01231  PbSO^.    8  =  78. 

CjiHjjO^NS  requires  N  =-  356  ;  S  -  8-14  per  cent. 

The  rotatory  powers  for  sodium  light  of  two  specimens,  repeatedly 
crystaliised  respectively  from  ethyl  acetate  and  from  a  mixture  of 
beniene  and  chloroform,  were  determined  in  aqueous  solution  by 
meaofl  of  a  half  shadow  polarimeter  by  Schmidt  and  Haensch,  for 
the  use  of  which  the  author  is  indebted  to  Mr.  F.  Q.  Hopkins. 

0-779  in  25  c.c.  gave  oo«0-81°  in  a  200  mm.  tube;  [o]d»  13*0° and 

[M]o-5M«. 
11866  in  36  ac.  gave  oi,-l-78°  in  a  400  mm.  tube;  [o]d«1315*» 

and  [M]o- 61-66". 


ACTIVITT  or  QUI!tQUIVAt.KNT  NITKOOM  COMroUIIIM.      1407 


[M]»  for  eoMpoQDda  of  Um  add  wlUi  aa  ImoUvo  bMt  k  ftIT 
Moordiof  to  Fbpo  aad  P^cImj  (Timat.,  1899.  75»  lOM),  to  UmU  llw 
iBdieK  NPhlU|0^g,  it  iiMMUv*. 

(1)  HailiylpropjUiiiUDo,  prtpai^  aooordinf  to  OUoi  ukd  Hlrwl't 
Mibod  (Sfr^  1886, 10,  S788),  wa«  fooiMl  to  boU  ai  S15— Sir.  ▲ 
■izioTO  of  aM>l«eaUr  qaantiiiec  of  Um  mbIm  and  MOibyl  lodidt 
gradoallj  tet  to  a  traotparent,  gummj  maia,  whieh  was  with  diAculiy 
iodooid  to  erjttalliaa  bj  rapeatedl/  dicaolriog  in  aloobol  and  addiaf 
•Umt  Qoiil  Um  tabrtanet  was  partUllj  pr«eipitatod  at  an  oil,  aod  Umq 
allowing  the   turbid   solution   to  rwMin  until  tbo  prsdpitalod  oil 

CTTstalline,  after  wbiob  moro  oihar  was  addod.  Oakwrlass 
•olnble  in  acetone,  ethyl  aoetate,  and  aloobol  were  obtained 
wluehy  wboQ  ■ecijitaliised  eitbtr  from  oihji  aottate  or  from  a  mixture 
of  abohol  and  oUmt,  mel  t«l  al  68  -S*". 

(2)  Combination  of  dimethylaniline  and  propyl  iodide  took  plaM 
slowly,  a  gummy  maas  being  gradually  formed  which,  when  dissolfod 
in  ooU  alcohol  and  traaled  with  ether  until  a  turbidity  was  prodnead, 
ofyatalliaed  oat  in  large,  white  erystals  melting  at  65 — 66^.  After 
rapaatod  crystallisations  the  crystals  melted  at  68*5^  and  did  m4 
deprsM  the  melting  point  of  the  preceding  preparation. 

0155  gave  0*2572  00,  and  0-0845  H^O.     0  -  45*26 ;  H  -  606. 
0,iH„NI  requires  C- 45 -36;  U  -  6  1 7  per  cent. 

The  corresponding  ii-camphorsulphooata  is  crystalline. 


Pkmyimttikifidipnpifimmmomimm  lodUU. 

(1)  Dipropylanilinewaspreparsd  by  Lippmann  and  Fleis— r*i  ■sllipd 
{MamaUL,  1871,  d,  711);  iU  boiling  point  was  238^  under  750  mm. 


Koleeular  quantities  of  the  base  and  maCbyl  iodida  waro  mixed  sod 
allowed  to  rsmain  for  aboat  2  days,  wbea  oolooriasi  otystals  bofui  to 
separate ;  tbeae  were  Tory  »oluble  in  alcohol,  aomewlmi  Urn  m  fa  alliyl 
acetate^  very  sparingly  so  in  ether  and  light  petroleum.  The  emda  sail 
melted  at  135—137^,  but  aftar  npmi^i  eryataUamlioa  f«oa  albjl 
acetate  and  a  mixture  ^  alcohol  nod  oiktr  Iho  ■olHag  poial  wao 
156». 

(2)  A  mixture  of  molecular  quantttiea  of  molhylpropykniliao  and 
propyl  iodide  soon  deposited  a  rttcid  mats,  ooolainiog  aoi 
and  finally  set  to  a  crystallino  solid  wUeh  was  fopaaladlj 
from  alcohol  and  oUier,  wbeo  leaf-lika  iiiiitals  aepafstad  miUhg  U 
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154 — 155^     A  mixture  of  this  with  the  foregoing  preparation  also 
melted  at  this  temperature. 

0-1455  gave  0-2588  COg  and  0-0897  Hfi.     C  =  48-51  ;  H  =  6-85. 
CjgHggNI  requires  C  =  48-8  ;  H  =  6-86  per  cent. 

Phenyldimethyl'isohutylammonium  iodide. 

(1)  A  mixture  of  dimethylaniline  and  isobutyl  iodide  in  mole- 
cular quantities  very  slowly  deposited  a  small  quantity  of  needle-like 
crystals,  which  melted  at  154 — 155°,  and  when  crystallised  from  dilute 
alcohol  melted  at  155 — 156°;  by  repeated  crystallisation,  the 
melting  point  may  be  raised  a  little  higher,  and  in  one  case  it  reached 
160°.  The  melting  points  of  this  and  certain  other  compounds  of  this 
class  were  found  to  become  slightly  lowered  by  keeping  the  compound 
in  an  ordinary  stoppered  bottle  for  a  few  weeks  or  longer. 

(2)  Methylwobutylaniline  was  found  to  be  very  difficult  to  produce 
in  a  state  approaching  purity.  On  mixing  methylaniline  with 
wobutyl  iodide  or  i«obutylaniline  with  methyl  iodide,  treating  the  solid 
product  with  caustic  potash,  separating,  drying,  and  distilling  the  liquid 
obtained,  the  boiling  point  varied  continuously,  and  after  repeated 
fractionation  the  greater  part  finally  distilled  between  220°  and  230°. 
This  liquid  rapidly  combined  with  methyl  iodide  and  formed  a  solid 
crystalline  substance  which  was  found  to  be  phenyltrimethylammonium 
iodide.  Therefore,  in  each  case,  the  main  product  was  dimethyl- 
aniline.  This  change  is  of  interest,  since  it  shows  that  the  methyl 
group  can  behave  like  the  benzyl  group  in  the  transformations  of  benzyl- 
aniline  and  dibenzylamine  observed  by  Wedekind  and  the  author  re- 
spectively ;  further,  in  the  case  of  the  action  of  methyl  iodide  on  wobutyl- 
aniline,  the  reaction  is  somewhat  analogous  to  the  replacement  of 
benzyl  by  methyl  observed  in  certain  ammonium  salts  (Proc.,  loc.  cit.). 

By  heating  together  two  molecular  proportions  of  methylaniline  and 
one  of  tsobutyl  bromide  on  a  water-bath,  filtering  o£P  the  solid  methyl- 
aniline hydrobromide,  and  repeatedly  fractionating  the  oil,  a 
liquid  was  obtained  having  a  constant  boiling  point  of  227 — 228^ 
This  product,  when  mixed  with  a  gram-molecule  of  methyl  iodide  and 
left  for  about  a  week,  yielded  an  almost  solid  mass  of  crystals  which 
were  repeatedly  crystallised  from  alcohol  and  ether,  and  finally  from 
ethyl  acetate.  A  small  quantity  of  phenyltrimethylammonium  iodide 
was  obtained  from  the  first  fractions,  but  the  more  soluble  part  was 
found  to  reach  a  constant  melting  point  of  155 — 156°  which  was  not 
changed  by  the  presence  of  an  equal  quantity  of  the  substance  produced 
by  the  first  method  (I).     The  two  compounds  are  therefore  identical. 

01820  gave  0-3145  CO,  and  01120  H,0.     C-4712  ;  H-6-77. 
Oi,H,^NI  requires  C- 47*21 ;  U-655  per  cent. 
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FimifiiimmttAfiimAuijflmmmwkim  il  nw^liini|pi| pi«pM«a  In 

Um  •»•  w%j  M  Ui«  other  OMpteftalpboBAtti,  oTMaIUm  tmAi\f, 
and  it  tparinf  Ij  soluble  io  tihjl  aeeUlt  Attd  iDiton,  b«i  w%tj  rmAilj 
»o  ID  BMhjlMM  diothjl  tilMr.  WImd  OTtldlind  rq^Udlj  ffo«  a 
wAm  misliiM  of  oibjl  «ct<*U  and  aMiliyUM  tllMr,  ii  wm  TrMiiiirf 
in  coloiirUM  OMdl«a  moliiDg  at  190 — 199^. 

Afur  four  recrTttalUtatioDt,  iu  roUtorj  powar  vaa  dtiirmiBad  la 
•qoaoQi  •oluUoD. 

0-4395  in  25  cc  gave  oo  -0'4P  id  a  20M  mm.  (uba.  (a),,  -  1 1  86* 
and[M]o  -48-6^ 

The  radicle  NPhMe^'C^H,  i«  therefore  ioacliTe. 

(1)  Dimethylanfline  and  beozjl  iodide,  when  mixed  in  molecular 
proportioo,  rapidly  set  to  a  solid  mass,  which,  after  washiog  with 
ellMr,  was  crysUllised  repeatedly  from  alcohol.  The  eali  ibeo  melted 
ahaq>l/  at  165^  after  becomiog  brown  at  158®. 

(9)  BensjlmethjlaniliDe  was  prepared  bj  the  aetioo  of  beoajl 
chloride  on  methylaoiliDe,  as  deecribed  bj  Vedekind.  Mole- 
cular  proportions  of  the  amioe  sod  methyl  iodide  began  to  deposit 
solid  almost  immediately,  and  after  36  boors,  about  30  psr  ssat.  hi4 
oombined.  The  solid  was  crystallised  ssreral  times  frooi  absohrttt 
alcohol ;  the  melting  poiDt  after  one  crystallisation  was  157^,  rising  to 
164*5°  after  four  crystal lisatioos.  The  compound,  prepared  at  (f  aod 
erystallieed  at  the  same  temperature,  also  melted  at  164 — 165®.  The 
bompouod  prepared  by  method  (1)  was  shown  to  be  identical  with  this 
by  melting  a  mixture  of  the  two. 

01 262  gave  0  2456  CX),  and  0  0604  H^.    C-5306  ;  H-5-31 
C^HiP^  I  requires  C-5309;  H -5*32  per  ceot. 

Pktnplhmmytdimmtkjfimmmonium  d-mmfkonmipktnmU  was  prepared 
both  from  the  iodide  and  also  in  larger  qoaDtity  from  phenylbensyl* 
dimetbjlammoniuoi  chloride,  NPhM«,(CfHr)-Cl,H,0  (Miehlsr  aad 
Oradmann,  Ser.,  1877,  10,  9079). 

The  chloride  used  was  repeatedly  erystalliisd  horn  walsr  sad 
fouDd  to  contain  14*9  per  cent,  of  chlorine,  whereas  theory  requirse 
14-3.  The  chloride  or  iodide,  when  boiled  with  thelhsiiisiifl  qwiaHty 
of  silrer  tf-campborsul^ooaU  aad  soom  awisl  ehloroforsi,  ttlersi»  aad 
eraporated  to  dryness,  yielded  a  product  which  crystallised  resdHy,  aad 
was  found  to  be  very  sparingly  soluble  in  ethyl  acetate,  aestoas,  aad 
light  petroleum,  although  dissolTiag  fairly  rsadily  in  eblorafors.  Tha 
salt,  when  crysuUissd  several  Hmss  freai  a  Miztarsoff  eblorofom  aad 
light  petroleum,  formed  eotourless  needles  which  melted  at  189^. 


1410      JONES:   A  STUDY   OF  THE   ISOMERISM   AND   OPTICAL 

0-1223  gave  03022  CO^  and  00791  Hfi.    C- 67*38;  H  =  7-2. 
C25H35O4NS  requires  0-67-71  ;  H  =  7-4  per  cent. 

The  rotatory  power  was  determined  in  aqueous  solution  in  the 
manner  already  described. 

1-224  in  35  c.c.  gave  ai,=  1-63°  in  a  400  mm.  tube.  [a]„  =  11*65°, 
and[M]i>  =  51-62°. 

This  value  had  not  been  appreciably  altered  by  repeated  crys- 
tallisation.     The  radicle  NPhMeg'CyH^  is  therefore  inactive, 

Phenyldihenzylmeihylammonium  Iodide. 

Benzyl  iodide  and  benzylmelhylaniline  combined  readily  ;  a  mixture 
of  the  two  substances  in  molecular  proportion  rapidly  became  cold,  and 
in  a  few  hours  had  set  to  a  pale  yellow  gum,  which  subsequently  crys- 
tallised, about  89  per  cent,  of  the  reagents  having  combined.  The 
product  was  fairly  pure,  as  shown  by  the  following  nitrogen  deter- 
mination : 

0-312  gave  10-3  c.c.  nitrogen  at  19°  and  770  mm.     N  =  3*85. 
CjjHjjNI  requires  N=»3'38  per  cent. 

The  salt,  when  purified  by  repeated  crystallisation  from  hot  absolute 
alcohol,  was  obtained  in  colourless  prisms  melting  at  134 — 135°;  it 
was  very  soluble  in  chloroform  and  very  sparingly  so  in  water. 

0-1220  gave  02710  COg  and  0-0610  H2O.     0  =  60-60;  H  =  5-53. 
O21H22NI  requires  0  =  60*7  ;  H  =  5*30  per  cent. 

As  the  camphorsulphonate  was  found  to  crystallise  with  a  molecule 
of  chloroform  of  crystallisation,  it  was  expected  that  the  iodide  would 
behave  similarly.  A  specimen  crystallised  from  a  mixture  of  chloro- 
form and  ether  melted  slowly  at  about  130° ;  the  following  analytical 
result  shows  that  the  specimen  does  not  contain  chloroform  : 

0-1264  gave  0-2821  OO2  and  00635  HjO.  0  =  60-8;  H -5-58  percent. 

Fhenyldibenzylviethylammonium  Chloride, 

Benzylmethylaniline  and  benzyl  chloride  do  not  combine,even  when 
left  for  months  in  the  cold  or  after  heating  for  several  hours.  The 
ohioride,  which  was  accordingly  produced  by  the  action  of  silver 
chloride  on  a  warm  alcoholic  solution  of  the  iodide  and  purified  by 
crystaUisation  from  alcohol  and  ether,  separated  in  colourless  needles 
melting  at  159 — 161°;  it  appears  to  be  much  more  stable  than  the 
iodide,  since  the  latter,  when  heated  in  alcoholic  solution,  evolves  a 
strong  odour  of  benzyl  iodide,  whereas  no  benzyl  chloride  can  be 
dst«ot«d  when  the  former  is  similarly  treated. 
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TIm  anal jtU  of  a  qMoiaM,  drM  ia  a  vaottUi,  fav*  Um  Iblloviaf 

0  1095  fav«  OSlSe  00,  and  0-0668  H^O.    O-TT-S ;  H««r. 
0„H„N01i«qmrMO-78  3;  H -6*80  par OMt 

All  atUmpit  to  oaiiM  dibtnijUoUiDa  to  oombiM  with  bmUijI 
iodide  wart  aborUTa ;  ihara  waa  pimotieaUj  bo  waaUoa  aiibar  ia  Um 
cold  aflar  MTtiml  montha  or  oo  ftnUj  wanniof .  WImii  iba  Mlxtara 
waa  liaatad  al  100^  in  a  lealad  taba,  banijl  iodida  waa  fonaad  and  a 
crjatallma  aolid  wa«  produced  which  waa  found  to  ba  pbaajltri- 
maibjlammooium  iodide^  the  two  bantjl  groopa  haTiog  been  laaond 
aa  baoBjl  iodide  and  raplaoad  by  maihyl  groopa,  whiUt  tha  dfaialbyl« 
aniline  thui  produced  combined  with  a  molecole  of  aaUijl  iodida 
(Proa,  1»01,  17,  205). 

PiUiijfWi6iny^anrtyfaiwawiMw  d  omw^kwiu^tkonaH  waa  ptapared  in 
Um  aama  waj  aa  Um  oUMr  oamphoraalphoDatet,  a  mixttira  of  BMi»i  aUijl 
aoalata  and  aoatone  being  uaed  at  aolvant ;  the  Ttedd  reetdoa  lolidiSad 
when  left  in  a  desiccator  and  stirred  at  intenralt.  Tha  tall  waa 
found  to  ba  ver  j  sparingly  aoluble  in  dry  ethyl  acatata  and  aoelona  bal 
much  more  so  in  Uieee  solvents  when  slightly  BMist;  il  diasolvad 
fairly  readily  in  chloroform,  alcohol,  and  methylene  diethyl  ethar.  ▲ 
erystaliiaad  repeatedly  from  ehloroform,  and  than  from  a 
of  ehknoform  and  beniana^  aeparated  in  fine  naadlas  whldi 
had  a  great  tandancy  to  aggregate  into  sheaves;  it  melted  slowly 
at  130—137^  and  gave  the  following  analytical  result  after  drying 
in  a  Tacuom  desieoator : 

01135  gave  0-2490  00,  and  0*0630  H^O.    0-5983;  H-6*17. 
0^H,yO«NS  requires  C  -  7 1  7 ;  H  -  712  ;  and  C^Hg^«H8,0H0l, 
requires  0-601;  H  -  5*95  par  eant 


Tha  salt  therefore  erysUUises  with  a  BMlaeola  of  ehloroform  of 
OTstallisation,  which  aeconnU  for  iU  indefinite  OMlting  point  Oa 
aeoount  ol  tha  slight  solubility  of  tba  salt  in  watar,  iU  roUtory 
power  waa  daterminad  in  10  par  eent  aloohoL 

0*6944in50c.cgaTeao-0*464<'ina400mm.tabai   [a]»-8-35'>aad 
[M]o-53  33«  (for  C„H,,0.N8  +  CH0I,),  and  43  34'» 
(forO„H,,0,N8) 

Tha  rsdicle  2fPhMa(C;7H.),  therefore  appears  to  ba  inactive. 

Since  the  salt  aeparated  with  a  molaeula  of  aUoroform*  il  waa 
thought  adTisable  to  crystallise  the  substaooa  from  aoaM  oIImt  eolvaat 
and  ladaterauna  ito  rotatory  power.  ▲  adztora  of  BMUiylaaa  diathfl 
ether  and  bansana  waa  found  to  ba  a  suitable  aolvaat^  and  after 
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crystallisations,  the  salt  melted  sharply  at  139 — 141°,  and  when  dried 
at  100°  gave  the  following  result  on  analysis  : 

0-1197  gave  0-3140  CO^  and  00768  H^O.     0  =  715  ;  H  =  7-12. 
CgiHg^O^NS  requires  0  =  717;  H  =  7*12  per  cent. 

Determinations  of  the  rotatory  power  were  made  by  dissolving  the 
salt  in  as  little  absolute  alcohol  as  possible,  and  then  making  the  solu- 
tion up  to  a  definite  volume  with  water  or  dilute  alcohol. 

The  sparing  solubility  of  the  salt  makes  the  determinations 
difficult ;  the  solutions,  although  dilute,  being  in  many  cases  nearly 
saturated. 

(I)  0*7735  in  50  c.c.  gave  aD  =  0-561°  in  a  400  mm.  tube. 
[a]D-9-06°;  [M]i,  =  47-0° 

(II)  0-5536    in    50    c.c.    gave    ao  =  0*457^    in    a    400   mm.   tube. 
[a]„=10-3°;  [M]o  =  53-5° 

(IV)  0-3464  in  25  c.c.  gave  ao  =  0-27°  in  a  200  mm.  tube  (with   a 
Landolt-Lippich     three     field      polarimeter).  [a]o  =  9-75°,        and 

[M]d  =  50-6°. 

(V)  17-5  c.c.  of  the  solution  (IV)  made  up  to  25  c.c.  gave  ai,=  018° 
hence  [a]„  =  9-28°  and  [M]i>  =  48-2°. 

These  values  are  in  sufficiently  close  agreement  (allowing  for  the 
large  experimental  error)  with  the  expected  value  51*7°  to  show  that 
the  effect  of  the  alcohol  is  not  large,  and  that  the  radicle 

NMePh(07H7)2 

is  inactive.  The  iodide  was  precipitated  from  a  dilute  alcoholic  solu- 
tion of  the  camphorsulphonato  by  the  addition  of  concentrated  potass- 
ium iodide  solution.  After  one  crystallisation  from  alcohol,  it  melted 
at  134 — 135°,  and,  when  examined  in  alcoholic  solution,  was  quite 
inactive. 

Dibenzi/lmethylisobutylammonium  Iodide. 

(1)  Benzylwobutylamine,  prepared  as  described  by  Wedekind,  and 
methyl  iodide  in  molecular  proportion  reacted  rapidly  and  set  to  a 
solid  mass,  which  was  heated  on  the  water-bath  for  some  time, 
decomposed  with  caustic  potash,  the  solution  extracted  with  ether, 
and  the  ethereal  extract  dried  over  fused  sodium  sulphate.  After 
evaporating  off  the  ether,  the  oil  was  fractionated  [under  reduced 
pressure,  when  a  very  good  yield  of  benzylmethyluobutylamine  was 
obtained  with  a  constant  boiling  point  of  115 — 118°  under  30  mm. 
pressure. 

The  base,  when  mixed  with  the  theoretical  quantity  of  benzyl  iodide 
and  allowed  to  remain  in  the  cold  for  three  weeks,  yielded  a  red 
oil,   which  was  twice  dissolved  in  alcohol  and   precipitated  by  the 
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Miditioo  or  •ihmr,  af ur  mhkk  H  orjUdliMdl  whm  mbted  wiik  a  lilllt 
aleoboL  TIm  aam  aftor  np^Ud  orTtUUiMlioa  fftMH  a  »iiUu«  ol 
alcoM  and  aibyl  aoaUU,  waa  oUaladl  Ui  eolo«ri«t  pt laat  waltiM 
•barplj  ai  174— 17»^ 

(S)  Ooaridarablt  diOeiiUj  waa  tiptHtocvd  la  Um  prafMrnOioo  of 
dibMuylMwijlaaiM.  Whao  dibaoBylaaiaa  (S  sola,  and  tiab^yl 
bromida  (I  moL)  wai«  baatad  for  about  two  bouta  oa  Iba  waUr  batb, 
cryatala  aaparaud,  wbieb,  od  ftltariaf  and  waabiof  wllb  aibar,  vara 
foand  to  malt  at  350°,  and  wara  tbarafora  dibantjrlamiaa  bydiobiwaida 
(Ckirara  givas  m.  p.  350°).  Tba  liquid  porttoo,  wban  difUllwl  undar 
radooad  prataura,  yialdad  a  firat  fraetion  ditUlling  at  19S— SIO* 
nndw  SO  mn.  prtarara^  wbleb  waa  fouad  to  ba  uaebangad  dibaosjrl* 
amina  (ita  hydrocblorida  wa«  praparad,  m.  p.  356^  A  rwrf  naall 
quantltj  of  oil  than  distillad  over  and  partially  Rolidifiad ;  tba  raiidna 
in  tba  flask  aolidified  complatalj.  Both  distillate  and  mldaa  wart 
ptvated  on  a  poroua  plate,  aod,  wban  crystallised  aavaral  tiaas  froa 
light  patrolauoi,  yielded  white  naedlas  nelting  at  93 — 9^, 

(I)  01U6  gave  0S685  CX),aDd  0^737  H,0.     C-87-6;  H-706. 
(II)  01930    „    8*3  cc  moist  nitrogan  at  14*5° aod  765  mm.  N-5-0. 
(CLH.),N  rcquirea  C  -  87*8  ;  H  -  6*9  ;  N  -  7*3  per  cant. 

Tba  aabataace  is  therefore  tribensyUmiiia,  tba  OMltaiig  poiot  of 
which  waa  giTan  by  Cannixzaro  as  91  3^.  Tbia  ttinrforttioii  ia  of 
interest  from  its  similarity  to  ike  well  known  change  which  results  from 
tba  action  of  methyl  iodide  on  bensylsniliDe,  in  which  dibeniylanilina 
is  the  chief  product.  A  aimilar  r«wult  was  obtained  wbaa  Mfboiyl 
iodide  waa  used. 

In  order  to  avoid  possible  molecular  transformation  by  tba  aeUoa  of 
heat,  a  mixture  of  equivalent  quantities  of  dihansylamina  and  tea- 
butyl  iodide  wss  left  in  the  cold  for  several  months.  Cry»Uls  separ* 
ated,  which  were  undoubtedly  dibensyUmine  bydriodide.  the  oil 
filtered  o£f  end  mixed  with  methyl  iodide.  The  crystalline 
was  drained  and  tubmitted  to  fractional  crystallisation  in  tba  bopa 
of  septrating  any  of  the  desired  compound  which  might  ba  prasaai. 
The  only  aabatance  which  could  ba  iaotaiad  was  recryalalliaad  froM 
slcohol  and  ethyl  acaUta  and  than  maltad  at  186—187*5**. 

(I)  01444  gave  0  3867  CO,  and  0-0744  H^O.    C-5415;  H -5*73. 

(11)0  1598     „     0-3179  00,    „    0  0807  H/).    C-54  SI  ;  H-5-61. 

V{CyBj)^CH^'l  r«quire%C-54  5;  H-5-67.      MMe(C«H^CrH.),*t 

raquirea  C«57'9;  H  ■•  6*6  par  cent. 

The  product  waa  therefore  diUiu^im§ikjf!mmmmitim  iodide  Tba 
oorraspon  ling  chlorida  baa  baan  obtainad  by  Jarkaoo  aad  Wing  (Amtr, 
Chem,  J.,  1887.  9,  80). 

TOL.   LXXXlir.  5  c 
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The  action  of  benzyl  chloride  on  benzylMobutylamine  was  then 
studied.  On  heating  together  either  one  molecule  of  each  or  one 
molecule  of  the  chloride  and  two  molecules  of  the  base,  some  benzyl- 
t«obutyIamine  hydrochloride  separated ;  but  the  reaction  was  very 
incomplete,  even  after  heating  for  several  hours.  On  filtering  and 
distilling  the  filtrate  under  reduced  pressure,  the  liquid  boiled  over 
a  very  wide  range,  and  obviously  consisted  of  a  mixture  from 
which  it  was  found  impossible  to  separate  any  pure  compound. 

The  desired  result  was  finally  attained  by  the  action  of  benzyl 
iodide  on  wobutylamine.  A  mixture  of  two  molecular  propor- 
tions of  the  base  and  one  of  the  iodide  rapidly  became  very  hot  and 
a  solid  separated.  After  cooling,  the  odour  of  benzyl  iodide  could 
still  be  detected,  so  that  to  complete  the  reaction  the  mixture  was  heated 
for  about  an  hour  on  the  water-bath.  The  solid,  after  washing  with 
ether  several  times,  formed  colourless,  glistening  plates,  very  soluble 
in  alcohol  and  fairly  so  in  ethyl  acetate  and  water ;  it  was  readily 
decomposed  by  caustic  potash. 

After  crystallisation  from  hot  ethyl  acetate,  the  compound  melted  at 
165 — 166°  and  gave  the  following  numbers  : 

0-6950  required  238  c.c.  iVr/lO  AgNOg.     I  =  435. 

NH(C^Ho)-CyHy,HI  requires  436  per  cent. 

The  solid  is  therefore  benzyli«obutylamine  hydriodide  and  the 
liquid  should  be  the  required  tertiary  amine. 

After  distilling  off  the  ether  from  the  filtrate,  the  residual  oil  was 
fractionated  three  times  under  reduced  pressure,  after  which  the 
greater  part  boiled  constantly  at  170 — 173°  under  10  mm.  pressure. 

The  base,  when  mixed  with  one  molecular  proportion  of  methyl 
iodide,  slowly  deposited  a  red  gum,  which  was  purified  and  induced  to 
crystallise  in  the  foregoing  manner.  Small,  colourless  prisms  were 
thus  obtained,  which  were  identical  in  appearance,  melting  point,  and 
optical  properties  with  those  obtained  by  the  first  method.  After  dry- 
ing in  a  vacuum  desiccator,  the  following  results  were  obtained  : 

(I)  01433  gave  0  3036  COj  and  00829  HjO.     C-67-8;  H-6-4S. 
(11)01378    ..    0-2926  COj    „    0  0795  H,0.     0-57-9 ;  H -6-41. 
OujHjjNI  requires  0  -  57*87 ;  H  -  6-6. 

(3)  The  same  quaternary  compound  might  also  be  produced  by  the 
union  of  dibenzylmethylamine  and  t«obutyl  iodide,  but  unfortunately 
it  has  not  been  found  possible  to  produce  the  tertiary  amine,  since 
when  dibenzylamine  and  methyl  iodide  are  mixed  in  any  proportion, 
even  at  low  temperatures,  a  violent  reaction  takes  place  almost 
immediately  with  the  production  of  the  foregoing  dibenzyldimethyl- 
ammonium  iodide. 
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IhUmmmJ  wmj,  formid  a  oolovltH  TiMid  mm,  wIMs  wb«i  Upl 
in  a  dtrfoottor,  tlowlj  bMMM erjUdUM;  Um  mM.  bowwtr,  orjatd- 
liMt  Udl^  from  tolvtoU,  and  faiMmilabl«  for  a  loog  atrkt  of  frmtioiitl 
oryoteUitalkMM.  r  ^!  r^ttwirti  ttr  wim  Ihi  rf  timMOM|iiMiiiil|ifctWMlt 
to  oryilaUiM  haTO  hiihorto  booo  iBOttooottful,  to  ibal  it  kao  «ifofi«»> 
aUly  not  baea  ponibit  to  doetdt  at  to  ibt  activllj  of  ibt  iniliolt 
Nlf  •(C,Ht),C«U«,  boi  iboio  it  no  loam  to  biUm  thai  il  wovid 
babaTo  difforooU/  to  tbt  oihon  wbkh  ba?a  booo 


Cyclic 


I'UcAjfl-ik'fncolmium  d-^ampkomdpkmaU  wm  propartd  bj  hoatiof 
tofothor  moleeolar  proportiooo  of  tbe  oocrMfoodiiif  iodido 
(OL  p.  SS4~SS4*5^)  and  sUtot  if^nphoreulpbooato  with  ttlijl 
aeetat«  and  a  small  qoaatity  of  aloobol.  Tbe  mil,  wbich  rr/itallitod 
readily  in  a  Tacoum  deeiooator,  it  eparioglj  aoluble  io  otbyl  arttaltL 
eligbtly  more  ao  io  aoetoiM^  and  dimolToe  rery  readily  in  ■Mtbyloao 
diethyl  ether;  it  was  repeatedly  eryetalUaed  from  a  mixtore of  aoetOM 
and  ethyl  aoetate^  and  then  from  acetone,  being  obtained  in  loof , 
ooloorleei  needlee  which  melted  constantly,  but  not  Tory  sharply,  at 
163— 164^  The  roUtory  power  of  the  salt,  determined  after  rnnPiiiJTi 
crystalUaatiooe,  wae  ooostant,  bat  the  Taloes  of  [M]»  diibred  dighl^ 
from  51*7®,  the  diaorepaney  being  very  probably  due  to  hydrolytie 


0-585  in  25  c.c  gare  a,, - 0-685<>  in  a  fOO  mm.  tabe;  [a]o  - 14-64* 
aDd[Mli>-.49-6<». 

0-5450  gave  0  7550  00,  and  0*2290  H,0.    0  -  59*0 ;  H  -  7*87. 
0„H.0«N8  reqnlrn  0  -  60- 1 ;  H  -  737  per  cent. 

I'Mdkjfl  a picotmimm  d  h  •mtMwmpkonmlpktmmtc,  prepared  in  the 
eame  way  as  the  camphorsnlphonate,  was  found  to  crystallise  readily ; 
it  ie  Tory  sparingly  soluble  in  aeetooe  and  ethyl  aoetats^  bat  diseolves 
more  freely  in  metbyleoe  ether.  After  repealed  eryelalllaatios  from 
a  mixture  of  ethyl  eoetate  with  a  onall  amoant  of  methyleoo  ether,  H 
was  obtained  in  cokmrlees  needlee  melting  at  186—187*. 

The  following  determinations  were  mado  on  a  spedmiB  dried  la  ft 


0-527  in  25  ox.  gave  a»-2-72<>;  [e]»-64-5r>aad  [MJ».170*. 
0-3337  gare  0-5900  00,  and  0*1745  H/).    C- 48*5 ;  U -5-81. 
CnB^O^tfBtB  leqaiiee  0 - 48-8 ;  H - 574  p« oem. 

The    pUtiniflliloride,  when   preeipitaled    from  a  eolation  of  tha 
camphoraolphoaalo  or  bromoeamphomlphooaleb  formed  bright 

5  O  f 
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plates  melting  at  225 — 226°;  it  is  extremely  sparingly  soluble  in 
alcohol,  ethyl  acetate,  acetone,  methylene  ether  and  epichlorohydrin.  A 
solution  of  the  hydrochloride  prepared  by  the  action  of  hydrogen 
sulphide  on  this  salt  suspended  in  warm  water  was  inactive. 

The  radicle  NMeiCjH^Me,  although  apparently  devoid  of  a  plane 
of  symmetry,  still  seems  unable  to  give  rise  to  optical  activity. 

Methyl  kairolinium-l -acetate  d-camphorsulphonate, 

Ci,H„:NMe-(CHj-C02Me)-C,„H,,0,S, 

WAS  prepared  by  heating  together  molecular  proportions  of  silver 
f^camphor8ulphonate  and  Wedekind's  methyl  kairolinium-l -acetate 
iodide  (Annalen,  1861,  118,  114).  The  salt,  which  crystallised  in  long 
prisms,  was  found  to  be  rather  sparingly  soluble  in  ethyl  acetate,  but 
slightly  more  so  in  acetone;  it  was  crystallised  from  ethyl  acetate  several 
times  and  then  from  a  mixture  of  ethyl  acetate  and  acetone,  and  the 
rotatory  powers  of  several  of  the  fractions  were  taken  in  aqueous 
solution  with  the  Landolt-Lippich  three-field  polarimeter,  using  sodium 
light.  The  value  of  [M]i^  gradually  became  constant  at  about  49 '6° 
and  did  not  attain  the  value  for  the  acidic  ion,  51*7°.  The  melting 
psint  of  the  salt  was  found  to  be  146*5 — 147°. 

After  the  fourth  crystallisation,  1-0380  in  35  c.c.  gave  ay  =  0-65' 
in  a  200  mm.  tube;  [a]i,=  10*96°  and  [M]i>  =  49-4°. 

After  the  eighth  crystallisation^  0*9975  in  25  c.c.  gave  an  =  0*87^ 
in   a  200  mm.  tube;  [a]u  =  10*9°  and  [M]d  =  49  2°. 

After  the  tenth  crystallisation,  0*884  gave  in  25  c.c.  a^  =  0*78°  in 
a  200  mm.  tube;  [a]D  =  11-03°  and  [M]p  =  49*7°. 

A  specimen  dried  in  a  vacuum  desiccator  gave  the  following 
numbers : 

01374  gave  0*3078  CO.^  and  00906  H^O.     C- 61*09;  H«7'32. 
^28^88^6^8  requires  C-6M9;  H«7-31  per  cent. 

Meihjl  kairolinium-l  acetate  d-bromocaviphorsulphonate,  which  was 
prepared  in  the  usual  way,  gradually  solidified  when  left  in  a  desiccator, 
and  triturated  with  ether ;  when  crystallised  repeatedly  from  hot 
acetone,  it  formed  stellate  needles  melting  at  134—136°.  The  values 
obUined  for  [M]i,  gradually  rose  to  263°,  a  value  fairly  near  to  that 
of  271°,  calculated  for  the  acidic  ion. 

After  the  fifth  crystallisation,  0*477  in  25  c.c.  gave  od-1*87**  in  a 
200  mm.  tube;  [o]d-49*0°  and  [M]i>-259*7°. 

After  the  eighth  crysUlIisation,  0*597  in  25  c.c.  gave  oo  -2'37®in  a 
200  mm.   tube:    [o]d- 49*6°  and  [M],- 263°. 

A  specimen  gave  the  following  result  after  drying  in  a  vacuum 
desiccator : 
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0-l<m9  caT«  0*1057  00,  mhI  O'Oeia  H/X    0«5l-5;  U«6-SI. 
O^fl^O^VBtB  riqtairw  6-04  ;  0  •  59*0 ;  4  •  6-04  ptr  mttU 

TIm  pUU&ichlorid^  pmipiUUd  by  Ibt  aadltto  of  an  •qotoM 
aolttlion  of  chloropUttnie  add  to  ao  aqoMtM  aohiliM  of  Um  «Ui,  vao 
obUiood  at  a  dull  yellow,  cryUUiPo  powJtr  Bwltiif  at  ISf^lSTwitli 
doooapoaiiioQ ;  it  wat  Tory  tpariogly  aoloUo  la  all  ovdiaarj  aohrMU 
aad  aloo  in  mothyloiio  olbor  and  opieblorobydrin.  A  aololiott  of  Um 
hydrochlorido  prtpartd  by  iho  action  of  hydrogoo  tulphido  on  a  mt^ 
penaioo  of  ^Um  plafciniehlorido  in  warn  watir  waa  fooadtobt  ianoHvo. 
It  UMffcforo  appian  that  ibo  rmdido  0;H,«:MllrOH^*O0^*iro  la 
ioactive. 

Tho  reaulu  obtainod  with  tha  above  tolrahydro(|tainolioo  daritatiTO 
are  not  Tory  ooncIiuiTO  on  account  of  tbo  diftcrapuieiaa  botwoan  Iho 
oba«nrcd  Taloaa  of  [M]o  and  thoaa  of  the  aoidie  Iob»  iho  Idoriatiooa 
being  greater  than  oould  be  aoooanted  for  by  oiperiaontal  error.  The 
examination  of  other  derivatiTo*,  howerer,  gave  OMre  sattafactory 
Dumbera. 

lif<U^l-eC4yflelraAyiro7uino/mitfm  d-hromcetttmplkonM^wmmlt,  pre- 
pared from  the  eorreapondiog  iodide  already  deecribed  by  Claua  and 
StegaUU  (Ber.,  18S4,  17,  1331),  cryetalliaed  readily,  and,  after 
repeated  cryatalUsatioD  from  acetone,  waa  obtained  in  ttellaU  afgrt- 
gatea  of  leaf  like  cry  stale  melting  at  161— 161*5^ 

After  the  sixth  crystallisatioo,  0*448  in  25  c.c  gare  ao-S-OO"  la 

a  200  mm.  tube;  [a]o  -SSS**  and  [M]o  -27P. 

After  the  eighth  crystal lisat ion,  0*3844  in  20  ce.  gare  •»  "l  *7P ; 
[tt]o  -65'6«and  [M]o  -270-2'. 

01268  gave  0-2513  00,  and  0*0726  Ufi,    C-54  1 ;  H-6-36. 
OaH^O^NBrS  loqniiea  C  -  543 ;  U  -  6*57  per  cent. 

The  camphorsolphonaU  of  the  bate  waa  obtained  in  a  crystalliae 
sUte,  but  the  crysUls  were  f  ery  apt  to  beeoBO  gnmmy,  and  as  the 
fcabatanoe  waa  not  Tery  suitable  for  a  long  eeriea  of  fractional  crys- 
tallisalioos  it  waa  not  farther  examined, 

The  pUtinichlorido  eeparatod  la  small,  bright  yellow  priwM,  vhlsh 
melted  at  192~19r>  with  deeompoeition ;  it  waa  oztfomdy  epariagly 
soluble  in  all  the  ordinary  eolrenta.  A  eolataoo  of  the  hydrochloridr, 
pfopaiad  by  the  acUon  of  hydrogeo  salphkU  oa  the  pbtiabhloriiie 
eoepemM  in  warm  wat|p,  was  fooad  to  be  iaaetlf*.  Tho  niida 
G,U,o*NHeEt  therefore  appears  to  be  inactire. 

VBatz*/l'\-€tk^U9tnJkrUitmmMmm  iotUd§  waa  very  readUy  fbrMd 
from  a  mixturo  ia  moleealar  praporfloa  of  ethylt«trahydroqafa»llaa 
and  benxyl  iodide,  the  mixture  beeoiiag  solid  after  Si  hoaii ;  it  was 
repeatedly  dissol?ed  in  alcohol,  elhor  added  uotU  a  permaaeet  turbidity 
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was  produced,  and  the  solution  then  left  until  crystals  were  deposited. 
The  salt  was  thus  obtained  in  ntellate  aggregates  of  almost  colourless 
needles  melting  at  105—106°. 

0-5682  gave  18-7  c.c.  moist  N  at  16°  and  768  mm.     N  =  3-89. 
CjgHgjNI  requires  N=-3-7  per  cent. 

\-Bemyl-\-ethyltetrahydroquinolinium  d-camphorsuiphonate,  prepared 
from  the  iodide,  slowly  became  crystalline  in  the  desiccator  j 
it  is  very  sparingly  soluble  in  ethyl  acetate,  slightly  more  so  in  acetone, 
and  dissolves  very  readily  in  methylene  ether.  When  crystallised 
repeatedly  from  a  hot  mixture  of  acetone  (10  vols.)  and  methylene 
ether  (1  vol.),  the  salt  was  obtained  in  short,  colourless  prisms  melting 
at  164 — 165°.  The  value  of  [M]d  gradually  rose  towards  the  number 
for  the  acidic  ion,  namely,  51*7°. 

After  four  crystallisations,  0*606  in  25  c.c.  gave  a©  =  0*47°  in  a 
200  mm.  tube;  [a]o  =  9-7°and  [M]i,  =  46-8°. 

After  ten  crystallisations,  1*047  in  25  c.c.  gave  ai>«"0'87°  in  a 
200  mm.  tube;  [aj^^  10*4°  and  [M]d  =  50-2°. 

0-1042  gave  0-2670  COj  and  00730  nfi.     0  =  6989;  H  =  7-78. 
^28^8^4^^  requires  C  =  69*6  ;  H  -  7*66  per  cent. 

The  corresponding  (£-bromocamphorsulphonate  formed  a  gummy  mass, 
which  could  not  be  induced  to  crystallise.  The  iodide  recovered  from 
aD  aqueous  solution  of  the  camphorsulphonate  by  the  addition  of  con- 
centrated potassium  iodide  solution  was  found  to  be  quite  inactive  in 
solution  in  dilute  alcohol.  After  recrystallisation  from  dilute  alcohol, 
it  was  colourless  and  melted  at  106°.  The  radicle  CgHiotNEt'C^Hy 
therefore  appears  to  be  inactive. 

The  Optical  Activity  of  Asymmetric  Ammonium  Compounds. 

The  existence  of  optically  active  compounds,  the  activity  of  which 
is  duo  entirely  to  the  presence  of  au  asymmetric  nitrogen  atom,  was 
firmly  established  by  Pope  and  Peachey  (Trans.,  1899,  76,  1127),  and 
up  to  the  present  the  d-  and  /a-phenylbenzylmethylallylammonium 
salts  isolated  by  them  are  the  only  optically  active  nitrogen  com- 
pounds known.  The  author's  object  in  examining  these  com- 
pounds was  to  determine:  (1)  whether  compounds  containing  other 
radicles  could  also  show  this  activity ;  (2)  whether  the  phenomenon 
was  in  any  way  connected  with  the  existence  of  inactive  isomerides  of 
the  same  compound  or  not,  and  hence  to  show  that  the  absence  of 
activity  in  compounds  of  the  type  NR'n'R^'pC  was  not  due  to  the 
mobility  of  the  groups  or  the  absence  of  inactive  isomerides.  The  ex- 
amination has  been  pursued  with  this  object  alone,  so  that  the  values 
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of  Um  roUtory  powwi  fivM  Ui  Uda  pAfw  «mI  U  ragaHtd  m  bilaf 
oiilj  approdflMU ;  a  fotilMr  momuiI  of  IhtM  €0«po«oat  will  ■bortly 
be  Uid  btloM  Um  Soeitlj. 

^>W|f^iiiMflwif ^yfrftf f— wifl  I itum  io(/i«/«,  rt^ilj  obUiiMd  bjr  «ijdH 
■Ml«mkr  qouiliUit  of  OMibjMijUiitliM  mad  bmmjl  MM«»  «M 
oTrtiaiiMd  rtpMtodlj  from  wmm  aloobol  Mid  Ikw  oUdMd  te 
ooIowKm  DMdlM  MlUiif  al  about  145— ur"  wboo  qvioklj  boOod* 

Pktmjflhtn»yiwitttkfl§Ukiilmmmmmm  d  mtnpkm'§mlpkmm§$  was  nhtaiaai 
from  Um  iodide  io  tbe  ntoal  aannar ;  it  wat  laibar  iparU^f  tolabla  is 
•ibyl  aoataU  and  aoatooo^  moob  more  eo  in  malbjliM  olbir,  and  wat 
erystalUaed  repealadly  from  a  mixture  of  abont  one  ▼olame  of  ibe 
latter  eolrent  to  four  or  five  Tolumet  of  the  former. 

A  few  polarimetrio  daterminationa  made  on  raocemiTe  f rMUone  after 
drying  in  a  Taeaum  deeiecator  ebowed  tbat  tba  «dt  waa  btiaf  gradaall j 
reeolved  into  two  frmclioos  of  diff«r«nt  rotatory  powers,  the  salt  of  the 
dastrorotatory  base  being  the  lata  soluble. 

After  the  third  cryttallieaUon  (m.  p.  178—180^  [«]»-13-r, 
[M]o-63-2^;  stxtb  crystallisation,  [a]D-14n  [M]|,-681<*;  eigbtb 
efyatallMaUon  (m.  p.  IS^.  [aJo-lSl^  [M]o-e9-0°. 

0-SS40  gave  0*565  CO,  and  01585  H,0.     0  -  68-3 ;  U  -  7  78. 
O^HgjO^NS  requires  C  -  68*2 ;  H  -  7*66  per  eent. 

d-fiUwyfftemyfis<i^y<irtyfawmmmiiMw  iodid$  waa  precipitated  in  small, 

ookrarlesa  prisms  on  mixing  strong  solutions  of  potisrinm  iodide  and 

tba  campborsnlpbonate.    After  reorystallisation  from  reetifiad  spiril 

in  tbe  dark,  the  salt  melted  at  146 — 147°,  and  in  alcoholic  solutioo 

gave  [a]o-5-34<' and  [M]p-  IS^"*. 

Another  preparation  obtained  from  the  camphonulphonate  after 
eight  crystallisations  gave  the  following  result : 

0*562  in  25  c.c.  alcohol  gave  ao«0-35<'in  a  200  mm.  tube,  [«]o  *  7*8^ » 

[M]p-27•5^ 
0  1334  gave  0*2650  00,  and  0  0700  H,0.    0  -  54  2  ;  II  -  5'8a 

(\fi^l  laquree  0-54*4 ;  H-5-66  per  eent 

Tbe  grant  differaoee  between  the  valoe  of  [M]b  for  this  salt  and  thai 
for  the  compound  reeolved  by  Pope  and  Psacbey,  owing  to  Iba  replaae 
ment  of  the  allyl  radicle  by  ethyl,  is  trerj  alrikiof. 

The  more  soluble  portion  of  tbe  camphoraalphoMila  ooald  aol  ba 
obtained  pure,  and  it  will  be  necessary  Io  oee  l^ampboimlpbooie  aeid 
for  tbe  iaoklion  of  tbe  /%oCaloffj  ieomerida. 

prepared  from  tbe  corr^ponding  iodide  [KMeKiPh(C,HJ*I-l-OHOm, 
descnbed  by  Wedekind,  crystallised  readily  from  ethyl  aeeUto  la 
colourless  prisma  melting  at  134— 155<' ;  it  was  repeatedly  eryttalliiad 
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from  ethyl  acetate  and  then  from  acetone.  Successive  fractions  were 
used  for  determinations  of  rotatory  power  and  the  values  obtained 
gradually  increased  until  the  value  [M]i,  =  293°  was  reached. 

The  corresponding  platinichloride  was  precipitated  as  a  dull  yellow, 
cry(>ttilline  powder  on  adding  chloroplatinic  acid  to  an  aqueous  solution 
of  the  bromocamphorsulphonate.  It  is  extremely  sparingly  soluble  in 
all  the  ordinary  organic  solvents,  and  even  in  epichlorohydrin,  so  that 
a  determination  of  its  rotatory  power  was  impossible ;  a  weak  solution 
of  the  hydrochloride  obtained  by  suspending  the  double  salt  in 
warm  water  and  treating  with  hydrogen  sulphide  had  a  decided, 
although  slight,  dextrorotation.  The  platinichloride  decomposed  at 
159—160°. 

0-5296  gave  0134  Pt.     Pt  =  25-3. 

(Ci2^i8^)2^''^'6  requires  Pt  =  25-5  per  cent. 

The  isomerides  of  the  quinquevulent  nitrogen  compounds, 
NR'R'Rg'X*  which  were  to  be  expected,  on  the  basis  of  any  pos- 
sible conBguration  for  the  nitrogen  atom  (compare  p.  1401),  do  not 
appear  to  be  capable  of  existence,  and  the  one  compound  which  is 
always  formed  has  the  planisymmetric  configuration  (VII),  since  it 
cannot  be  resolved  into  optically  active  forms.  The  formation  of 
the  same  compound  from  NR'R'K"  and  R"X  and  from  NR'R'R"' 
and  R"X  is  explained  by  assuming  an  intramolecular  transformation 
of  the  initial  additive  product. 


VII. 


The  non-existence  of  opitoal  activity  is  not  due  to  the  mobility  of 
the  groups,  since  the  salts  of  phenylbenzylmethylethylammonium 
hydroxide  and  phenylmethylethylallylammonium  hydroxide  are  opti- 
cally active,  although  the  groups  in  the  latter  case  have  the  lowest 
molecular  weight  possible  in  compounds  of  this  class. 

Derivatives  of  pyridine  and  tetrahydroquinoline  which  apparently 
coDtain  an  asymmetric  nitrogen  atom  do  not  seem  to  be  capable  of 
resolutioD  into  optically  active  forms. 

The  author  desires  to  express  his  gratitude  to  Professor  Dewar 
for  placing  at  his  disposal    the   excellent  polarimeter   used  in  these 


nil  MOLBCULAR  roRMUUB  Of  rtmso  nALm.        I  it  I 


•sptrtMQU  and  to  ProTMor  W.  J.  Pbpii  for  hk  kitt4oM  la 
ibk  papw  in  MBworipi  form. 

TiM  tzpMM  of  Uiit  work  Imto  bMo  purtlj  Mffv«4  bj  fiMto 
from  Um  RoMMoh  Fttiid  OommilUo  of  tbo  CHnaieil  Sosioly  for 
whkk  Um  waihot  it  gUd  to  lain  Um  opporiunily  of 
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CXXXVIII.— 7%«  Molecular  Formulai  of  Fu$ed  SalU  a$ 
DeUrmitied  by  their  Molecular  Surface  Energy. 

By  J.   FSANK   BOTTOMLKT,   Ph.D. 

FosBD  salt*,  like  solations  of  salta  in  water,  are  known  to  be  fooJ 
oondiietori  of  electricitj,  but  inasmuch  aa  a  fuaed  ftalt  ia  pbjaioaJlj 
boMOgoaooae,  it  muat  be  concluded,  if  the  ionic  bypotbeeia  ta  aoeeptod, 
thai  a  porUon  of  the  salt  acts  as  a  aolrent,  and  exerts  an  iooisiaf 
action  on  another  portion.  Liquids  which  show  an  ionising  aeUoo  ara 
without  aaoeptioo  Umm  oooMsting  of  oomplax  mobcatoa ;  and  it  waa 
to  be  ezpeeled  thai  the  OMleeolar  weighte  of  fused  aalU  would  be  eoa- 
siderably  greater  than  those  implied  by  Uieir  simple  formoUi.  It  was 
saggeated  by  Sir  William  Riui»ay  that  ao  infutifitioo  of  ike  aMle- 
cnkur  eomplexity  of  molten  sUu  would  be  of  eoorfdeimble  ialefWfc,  aad 
that  the  method  of  Ramsay  and  Shielda  *  would  probably  be  appUeable. 
For  non-associating  liquids,  the  variation  of  moleeular  sarfaee  eaergy 
is  a  rertilinear  function  cf  the  teapanaore^  iipreMJbie  by  ibe  eqaatte 

where  y  ia  the  iorfaoe  energy  meaaured  in  dynes,  and  (J/e)l  ika  sole* 
colar  surface  oietfured  in  tquare  eeotiaelffea.  The  average  valae  of 
k  was  found  to  be  31S1. 

For  associating  liquids,  on  the  other  hand,  the  value  of  i;  is  less  thaa 
the  constant,  212,  and,  as  Ramsay  pointed  out  in  a  later  paper,t  ti  is 
possible  to  estimate  very  approximately  the  number  of  Moleealee  vhieb 
taeoeiite  io  form  a  complex.  But  in  ibe  preeeni  Jnelaaee  the  meaawa> 
mente  are  not  eofidenil^  numerous  or  oorreoi  io  mako  ii  posoiblato 

....  .        t^        .t.     .     .  /«*"\« 

utilise  Uie  more  oorreci  eqoatioo ;  henee  the  Mmpler  ooe^  *  ~  1  "T"  f  • 

has  been  employed.     In  this  expression,  ibe  variaiaoo  of  the  facior  of 
*  FkiL  Tnm$,,  1893, 184,  547.  t  /Vk.  Jby.  «ml.  IIM,  56.  17C 
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association  with  the  temperature  has  been  neglected.  Moreover,  it 
was  suflficient  for  the  purpose  in  view  to  determine  whether  or  not 
the  fused  salts  consisted  of  complex  molecular  groupings. 

The  capillary  constants  of  a  large  number  of  fused  salts  have 
already  been  determined  by  Quincke  by  his  ingenious  drop  method, 
but  that  process  did  not  seem  to  be  applicable  in  this  case,  for  it  was 
necessary  to  determine  the  values  at  known  temperatures.  The 
capillary  constants  were  therefore  calculated  from  the  rise  of  the  fused 
salts  in  capillary  tubes,  and  for  this  reason  the  investigation  was 
restricted  to  salts  which  could  be  safely  fused  in  glass  vessels. 

Measurements  of  the  capillary  rise  were  attempted  with  lithium, 
sodium,  potassium,  and  silver  nitrates,  potassium  chlorate  and  di- 
chromate,  and  zinc  and  stannous  chlorides,  but,  although  much  time 
was  spent  on  the  experiments,  successful  results  were  attained  only  in 
the  case  of  the  nitrates  of  potassium  and  sodium.  Lithium  nitrate 
attacks  Jena  glass,  even  at  260°,  producing  a  curious  opalescent  appear- 
ance and  rendering  it  opaque ;  silver  nitrate  decomposes  at  260°  and 
blackens  glass ;  potassium  chlorate  also  decomposes  and  gives  off  a 
slow  stream  of  bubbles,  which  made  readings  in  a  capillary  tube  im- 
possible ;  potassium  dichromate  turns  nearly  black  on  melting,  and 
this  renders  accurate  measurements  impossible ;  zinc  chloride,  which  has 
a  treacly  consistence,  exhibits  a  considerable  capillary  rise.  Stannous 
chloride  held  out  better  prospects,  for  it  melts  to  a  clear  liquid  ;  but 
on  continued  fusion  it  became  turbid,  and  measurements  of  its  surface 
tension  could  not  be  made. 

Description  of  the  Apparatus  and  Details  of  the  Experiments, 

In  order  to  determine  the  variation  of  molecular  surface  energy  with 
temperature,  it  is  necessary  to  measure  the  capillary  rise  and  to 
ascertain  the  density  of  the  fused  salt  at  known  temperatures.  But 
owing  to  the  high  temperature  at  which  most  inorganic  salts  fuse, 
the  method  employed  by  Ramsay  and  Shields  had  to  be  considerably 
modified.  In  the  first  place,  it  was  necessary  to  maintain  tempera- 
tures of  over  300°  by  means  of  a  bath  of  some  transparent  material, 
and  for  this  purpose  a  Jena  glass  beaker  containing  fused  sodium 
nitrate  was  found  suitable.  Whereas  ordinary  glass,  either  hard  or 
ftoft,  becomes  opaque,  the  glass  supplied  by  Messrs.  Schott  and 
Qenoseen,  when  heated  for  days  with  the  fused  nitrates  of  sodium  or 
potassium,  remains  perfectly  transparent  and  shows  no  sign  of  being 
attacked. 

The  bath  consisted  of  a  Jena  glass  beaker  containing  about  a  kilo- 
gram of  recrystallised  sodium  nitrate,  heated  over  a  large  Fletcher's 
burner ;  the  liquid  was  agitated  with  a  brass  stirrer,  rotated  by  a  small 
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boi-4ir  MfiM.    A  long  hwm  wai  toUtrtd  to  Um  Up  of  ib« 

and  it  was  fbwid  iUl  with  a  UuU  cuv  th*  UapMlMvor  Um  balk 

eoald  h%  kapl  «OBilaBl  to  wlUiiii  a  dagraa  for  a  BOMHttabii  Hat. 

Tha  tamparaiora  of  iba  baib  was  aaamirad  wiib  a  boio-aiUeala  glMt 
ihanMaator,  wbiob  rtad  ap  lo  Mf. 

Tka  aapOlary  lobaa  wara  drawn  from  Jtoa  glaaa  coabiHoo  Ubfaf 
fnaad  in  an  ozjgan  blow-pipa  in  langiba  of  atraral  jarda  ;  iba  oaotral 
parU  of  ibaaalong  piaeaa  wara  ibanenl  opinio  aboK  lanfUus  bolbaada 
of  wbiob  wara  ■aaawrad  «idar  a  Mioroaoopa,  fltlad  witb  a  MiurwuHg 
aja-piaoa^  and  oooiparad  witb  a  itandard  millimaUr,  dividad  into 
bnadradiba.  Qraat  oara  waa  takan  in  aalacUng  tba  tubaa,  and  oolj 
iboaa  wbiob  wara  round  and  wbicb  tbowad  vary  liitia  dtffartoea 
baiwaon  tba  two  anda  wara  aooapiad.  Tbia  waa  naoaaiarj,  for  tba  aaaa 
taba  ooQld  not  ba  naad  OTar  again  aa  in  Raauay  and  Sbiald'a  aspari* 
manta,  and  it  waa  not  alwaja  poMibla  to  make  the  maaoorMMott 
mar  tba  tc^  of  tba  tuba. 

Tba  aaltj  tba  aorfaoa  tenaion  of  wbicb  was  to  ba  maaaarad,  waa  in* 
trodnoad  aa  a  fine  powder  into  a  tube  of  soft  Jena  glaae  provided  witb 
a  narrower  side-tube  in  ooonacUon  with  a  Topler  pump ;  tba  toba  waa 
immeraad  in  a  amall  baib  of  aodium  nitrate  and  maltad,  wbao  a 
maaanrad  capillary  tube,  attached  by  maana  of  Ana  pUttnum  wire  to  a 
long  platioum  rod,  was  lowered  into  tba  liqaid,  and  tbe  tube  was 
stoppered  and  exhausted.  It  is  azoeedingly  difficult  to  rem oti  all  air- 
bubbles  from  tba  capillary  tuba,  and  tba  only  way  of  eflTectiog  thia 
waa  by  altamataly  axhaustiog  the  apparatua  and  allowing  air  to  nMk 
in  about  a  doxen  times.  When  this  bad  been  done  aoooamfally,  tba 
atoppar  waa  ramorad,  and  tba  taba  was  transferred  to  tha  aooalattl 
tamparatura  baib,  tba  taonparatora  of  which  had  maanwbila  baas 
adjusted.  A  glass  scale,  illutcioated  from  behind  with  an  slaelria 
light,  was  fixed  in  front  of  tba  apparatua,  and  tha  height  of  tba  Vqwid 
was  read  by  aid  of  a  teliaeopa  fittod  witb  an  ocular  mieroAifear. 

Tbadanaitaaa  of  tba  foaad  aalt  wara  dalarminad  by  asking  it  op 
into  pipaltaa  of  Jena  glaaa  witb  aapOlary  rtami,  tba  nppar  ooa  of 
which  waa  marked  with  a  fine  atebad  line.  Tba  pipettas  wart  oalibratad 
by  weighing  witb  water.  During  aaeb  a^arimaat>  a  Jaoa  glaaa  taai* 
tube  containing  tbe  aalt  was  kept  in  tba  ooogtaot  tampamtwra  baib, 
and  after  each  measurement  of  the  capillary  riaa,  two  or  ibrea  pipatlM 
ware  filled  by  aueking  tbe  fused  aalt  up  to  the  mark  on  tba  atom  ;  aara 
waa  taken  to  allow  tba  aigm  to  warm  up  first,  aa  otbarwiaa  tba  ml% 
tends  to  solidify  in  the  capillary  portion. 
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Determinations   qf   the  Capillary   Rise    of   Sodium    and    Potassium 

Nitrates. 

Id  the  tables  given  below,  the  letters  have  the  following  meaning : 

M—  molecular  weight.  h  =  rise  in  the  capillary  tube  (centimetres). 

w  =  specific  volume.  r  =  radius  of  capillary  tube. 

^  =  981  '1 .  y  =  surface-tension  in  dynes  =  ^ghr. 

p  =  density  of  fused  salt.       t  <>  temperature  in  degrees  centigrade. 
X  =^  coefficient  of  association. 

Potassium  nitrate ;  I.     r  =  002301. 
t.  h.  p.  y.  (Mv)K  k.  X.  M, 

338°      5-215       1-867       109-8       1571       0-471       9-55       101 

406  5-149       1-820       105-8       1539         —  —         _ 

Potassium  nitrate  ;  II.     r  =  002763. 
349°      4-20         1-869       106-4       1521       0554       7-49       101 
414        4-163       1-764       100-7       1485         _  —         _ 

Potassium  nitrate  ;  III.     r  =  0-02696. 
341°       4-39         1-867       1064       1551       0485       9-145     101 

407  4-34         1-814       1046       1519         __  _         — 

Sodium  nitrate  ;  I.     r  =  002930. 
339°      3-92         1-891       1064       1374       0-500       873         85 
405        3-64         1-844       101-8       1308        _  —  — 

Sodium  nitrate  ;  II.     r  =  002904. 
329°      4-103       1-895       1108       1398       0381     13-13         85 
405        405         1-846       1065       1369        —         —  __ 

Sodium  nitrate  ;  III.     r  =  002429. 
344°      4-94         1-886       1110       1403       0-453     10-17         86 

From  these  results,  it  will  be  seen  that  the  nitrates  of  both  sodium 
and  potassium  are  composed  of  complex  molecules ;  the  average 
value  of  k  for  the  former  is  0*445,  and  for  the  latter,  0*503 ;  these 
give  for  the  molecular  complexity  the  values  10*68  and  8*73  respec- 
tively. These  values  are  undoubtedly  too  high  ;  still,  it  may  be  taken 
at  certain  that  the  molecules  of  fused  nitrates  are  considerably  more 
oouiplex  than  are  tho^e  represented  by  the  simple  formulas.  It  may 
therefore  be  suppotied  that  the  molecules  which  are  in  the  ionised 
state  are  protected  by  complex  molecules  from  discharging  into  each 
other,  and  regenerating  the  non -ionised  salt,  in  the  same  manner  as 
the  ions  of  such  a  salt  as  sodium  chloride  are  protected  by  water 
molecules  from  combining  to  form  molecules  of  sodium  chloride. 
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ipiU,  ihtrrfon^  of  ih«  pauoilj  ol  rwulls,  ii  say  b« 
uAi  ite  wadnoiivilj  of  fiiMd  Alls  it  to  teoyliiMd  M  llMflMt  liTpo. 
t  \\miB  M  thai  wkieh  faraUhM  an  njAamUkm  of  IIm  noodiiHTllj  of 
MiluUon*,     naoMly.    ih .  prtvool    Uio    tqooliMlloa 

of  pot^niUI  of  tbo  ionio  ctMrgm,  a  prot«cUvo  MMMlnnni  It  mommtt, 
aod  it  appeore  thai  Ikb  OMMlraiia  Biij  bt  f orttiiM  bf  Iho  MM  Mb- 
i  that  which  abo  u 


CXXXIX. — Studies  on  Comparatii'e  Cryojtcopy,  Part  I, 
The  Fatty  Acids  aiid  their  Derivatives  in  Phenol 
Solution. 

By  P.  W.  RooERTsoN,  Sir  Goorgo  Qnj  SehoUr. 

Altrouob  BiltB  showed  that  the  chuigo  of  moloetiUr  woighi  with 
ooQOontnttioD  for  the  alcohols  in  benieoe  aoltttioD  diminkbii  regularly 
M  Um  bomologoiie  aoriee  ie  aeoeoded  {JUii,  jJ^kal.  Ckim.,  1899,  20; 
S55),  no  ttmilar  relationship  has  heen  oboerred  for  other  striee  of 
oonpoands.  Having  found  that  acetic  and  propionic  acide  aesodate 
in  phenol  eolotion,*  I  was  led  to  m%ke  a  compaimtivo  esaaiaatioa  of 
the  membors  of  this  series  and  to  study  the  infloenoe  of  eoostUrtiua 
on  the  change  of  association  for  a  given  range  of  eouceotratioo 
(  «  "  rate  "  of  association). 

MtUM  of  KxperimmU  mmd  CtdemlaUam  ^  BmtU» 

The  molecular  weights  of  the  compounds  vader  tiMiiiiation  wetv 
determiDed  by  Raooli's  method.  The  ordinarj  Beokmami's  ftppanlM 
was  ennplojed,  the  thermometer  being  read  to  hundredths  of  a  degree. 
Preliminary  obeervatioos  showed  that  ooooordaat  determinations  of 
the  freeitng  point  were  obtainable  for  pore  phenol  as  well  ae  for 
mixtures ;  moreover,  it  was  aeoertaaoed  that  the  aaaonnt  of  moiit«re 
abeorbed  was  not  sniBeient  to  vitiate  the  results. 

In  one  experiment,  10  to  20  grams  of  phenol  were  weighed  into  tht 
apparatos  and  two  readings  of  the  frteriof  point  were  made ;  a 
snlBeient  amount  of  the  foreign  snhstaaeo  was  aow  introdneed  lo 
caose  a  deprassion  of  about  0*7®,  and,  aftsr  eomplete  eolutioo,  a  donhia 
determination  of  the  temperatore  of  eolidi6oalioo  was  pei  formed, 
whieh  was  repeated  six  or  seveo  timsa  with  frsah  qoaaUties  of  eolttte» 
providing  that  this  snbstatoe  was  snakiently  eolnhlsi  Wheo 
solved  substance  was  only  sUghtly  solable,  it  wae  added  in 

*  Patent  has  poialed  oat  that  fonBie,sesCie,  sad  vaWrie  adds  ansdale  la  fhsasl, 
bot  did  not  aaadas  the  phaaensnoa  Dreai  a  ^eaatllaiife  staadpslBl  (C 
189«.  26b  ii.  Kt). 
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quaotities,  and,  consequently,  in  such  cases  the  accuracy  of  the  result 
could  not  be  so  great.  The  purity  of  the  compounds  employed  was 
ascertained  by  melting  or  boiling  point  determinations,  and  comparative 
experiments  showed  that  small  quantities  of  impurities  had  little  effect 
on  the  "  rate  "  of  association. 

The  molecular  depression  is  calculated  for  each  addition  in  the 
usual  way.  The  reciprocals  of  the  numbers  thus  obtained  show  the 
"  rate "  of  association,  which,  after  a  fall  of  1°  in  freezing  point,  is 
practically  regular  for  several  degrees.  The  percentage  amount  of 
change  is  now  calculated  over  a  range  of  3*5°.  This  value  is  obtained 
by  dividing  the  mean  molecular  depression  of  phenol  (70)  by  20,  the 
fraction  (A/20)  being  chosen  for  the  following  reasons : — 

(1)  To  allow  of  a  comparison  being  made  between  the  *'  rate  "  of 
association  of  a  given  compound  in  different  solvents.  (2)  Limited 
solubility  in  many  cases  prevents  the  attainment  of  a  greater 
depression.  (3)  For  greater  depressions,  Raoult's  law  is  less  accurate, 
and  the  molecular  depression  will  then  be  influenced  by  causes  other 
than  association.  (4)  This  represents  the  mean  depression  obtained 
in  a  series  of  experiments. 

The  constant  representing  the  amount  of  change  in  molecular 
weight  between  certain  limits  will  be  denoted  by  the  letter  A.  This 
constant  is  the  percentage  change  of  the  reciprocal  of  the  molecular 
depression  of  any  substance  in  a  solvent  for  successive  additions  of 
the  substance  over  a  range  of  A/20  degrees  (where  A  is  the  mean 
molecular  depression  of  the  solvent).  The  value  of  A  may  be  negative  ; 
this  shows  that  the  molecular  weight  diminishes  with  the  concentration. 

Two  examples  will  suffice  to  give  a  clear  indication  of  the  method 
of  calculation. 

MoNitrosovaleric  Acid  (M  =  131). 

Weight  of  phenol.  Weight  of  acid.                   Ai.          Molecular  deprMuon. 

10-5  01654  0-795°  66 

0-2428  101  57-5 

»  0-1312  0-535  56 

„  01618  0-60  51 

H  0-1472  0-51  47-5 

»  0-1994  0-65  45 

/.  MMoiation  increases  1/57-5-1/45  for  a  fall  of  (1-01/2  +  0-53  + 
0-60 +  0-51 +  0-65/2) -2-47°. 

•*•  »  .>        39  per  cent  for  a  fall  of  3*5°. 

A  -  39  I  Aj  (molecular  depression)  —  65  ) 

Second  MriM,  A  -  35  p'         Aj  „  -  63  >  63-5. 

The  aaine  add  reorystalllsed,  A,  „  -  63  / 
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•  ObloropliMjiMtlio  Aoid  (II  •  170). 


weight  or  plM«<4.        Wcighl  of  idd. 

AL 

Mol«Ml«4tfr 

1 1  8                    010S4 

0'3r 

72 

0-2328 

0*808 

89-5 

01788 

0-83 

71 

0-2134 

0-78 

71-5 

01746 

040 

80 

0-2102 

0-785 

70 

By  A  ^igUt  iiit«rpolaiioD, 

A. 

.2  5  U 

A..  70-5  1 

A,-7i  r'- 

a60Olld  t6nCP| 

A- 

-3 

r 

The  remaioiog  ezperimeDUl  retalUarooollMted  in  Table  I  (p.  1428). 
Id  •ddition  to  the  Taluet  of  A«  the  initiml  moItcuUr  daprwuioos  for  a 
fall  of  r  (A))  an  alao  oaleulatad  and  shown  in  the  Ubie.  At  thU  low 
concentration,  tlie  anoeiatton  is  in  most  ca^es  onlj  tlight,  and,  eon- 
tequeotlj,  the  deviation  of  Aj  from  the  mean  shows  the  imfuUritj 
of  the  solutes  dae  to  causes  other  than  assoctataon. 

In  figures  2  and  3,  the  behaviour  of  a  aimber  of  adds  is  re- 
preeented  diagrsmmatacallj,with  the  molecuhur  depreeiioni  as  ordiaalee 
and  the  temperatures  as  abscissa.  Thus,  if  phenol  freeeee  at  40^,  and 
the  molecular  depression  found  when  the  freenng  point  of  a  mixture 
falls  from  38°  to  37°  is  68,  then  this  value  is  plotted  afaloil  2*0* 
(oonpare  the  foregoing  calculation  of  resulu). 

rk€  B9lation$kipb0twt9n  Conttiiuiion  mnd  tk§  ** Mmi§^ 
of  A$$oeialion. 


The  different  acidfi  will  be  eoniidered  imdm  %bm  following  diviiiosa : 
(1)  the  fattj  acids.  (2)  The  mono-,  di-,  and  tri-enbetitnted  aeeCioaaide. 
where  the  substituents  are  phenjl,  alkjl,  and  halogen  redides.  (8) 
The  diearboxylic  adds.  (4)  Hydroxy-  and  tsenitroeo-adds.  (5)  Tke 
substituted  amino-adds.  (6)  Acid^  the  moleonhir  depreseiou  of  wUeli 
increases  with  the  concentration  (A  has  a  negatire  value).  (7) 
with  an  etbylenic  linking.  (8)  Adds  which  deeompoee  in  Um 
of  phenol. 

1.  (a)  lAs  Normal  faitf  Acids  (Koa  1^11,  Table  U  Rff.  1). 


The  change  of  assoeiation  with  the  ooacentwitlon  aHwmltlj 
increases  and  deereaaes  as  the  series  is  sscended,  eaeh  of  t^  ■■■bsti 
of  the  OTSO  asriee  aeeoristing  to  a  greater  extent  than  eitiier  of  tke 
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Table  I. 


Acid. 


1.  Acetic  (C,) 

2.  Propionic  (C3) 

3.  Butyric  (C4)  .. 

4.  Valeric  (C5)  .. 
6.  Hexoic(Ce)  .. 

6.  Heptoic  (C,).. 

7.  Caprylic  (Cs).. 

8.  Capric  (C,o)  .. 

9.  Laurie  (Ci,)  .. 

10.  Palmitic  (Cje) 

11.  Stearic  (C,8)  ... 

12.  150  Valeric 


13.  MoButyric 

14.  Methylethylacetic 


15.  Chloroacetic 

16.  Bromoacetic 

17.  Phenylacetic 

18.  I'heny  I  propionic  

19.  Bromobutyric  

20.  Bromopalmitic 

21.  a-Chlorophenylacetic 

22.  Trichloroacetic 


23.  Ethvlmalonic  

24.  Methylsuccinic 

25.  Sehacic 

26.  Dibromoraethylsuccinic 


27.  lactic    

28.  Mandelic  

29.  Benzilic 

80.  Hydroxydi phenylacetic 

31.  Dihydroxystearic 

32.  woNitrosovaleric 


88.  Phenylamiuoacctic 

84.  Hippuric 

85.  Phenylaminophenylacetic 


86.  LatuHc. 

87.  Cinnaiuio 

88.  Oleic  


Molecular  depression 
for  1°  (A,). 


23 

71 

13 

1       70 

14 

69 

11 

67-5 

12 

67 

9 

66 

15 

68 

28 

67 

42 

64 

80 

68 

98 

70-5 

17 

72-5 

9 

69 

8 

72-5 

14 

71 

12 

72 

14 

69 

14 

70 

8 

77 

66 

80 

3 

71-5 

2 

68 

31 

72 

47 

66 

16 

70 

''       ; 

16 



22 

70 

5 

69-5 

4 

82 

7 

73 

37       i 

63-5 

17       1 

69-6 

-**     i 

72-6 

-16       i 

1 

80 

1 
-2       i 

82 

1 

17          ; 

69 

39 

75 

contiguous  membert)  of  the  odd  series.*    If  the  acids  of  the  even  series 
are  considered,  it  is  found  that  the  constant  A  slowly  decreases  to  a 

•  Tliit  altemato  rite  and  fall  waa  not  noticed  by  BilU  for  the  "rate"  of 
aiMciAtion  in  the  caae  of  the  alcohols  in  benzene  solution.  It  is  noteworthy, 
howcvrr,  that  neither  the  niching  i>oinU  nor  the  differences  of  the  boiling  poinU 
of  those  coni|K>ands  show  an  analogons  behaviour  to  that  of  the  fatty  acids, 
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minimain  at  ih«  Cg  acid,  And  Umb  tooraiMt  ««•  aad  mof%  rapidly 
uDiil  fioallj  ih«  add!  bMOM  loo  inMlabU  lo  bo  oiaalaod.  Tbo  impkl 
■iwoiilion  of  ibo  bigbir  aMaibora  of  Ibo  iirioi  doot  boI  •§^9U  to  bo 
duo  to  Ibo  oorboijUe  groom  00  in  ibooooool  Ibo  oorlitr  aoMi,  bH  to 
tho%7drooarbon  portion  of  th«  moltculr 
Tbo  main  grounds  for  ibU  ooooliuioo  ai«  an  follows  : 
(i)  EtporunonU  bavo  abown  ibat  ibo  bjdrocarbooa  tboaoolfto 
oMoointo  impidlj  in  pboool  oolnUon. 

(ii)  Tbo  oiborsal  oalU  of  ibo  lowor  faUj  aeida,  in  oooiboq  wilb 
mosi  compounds  of  ibis  naturo,  ba?o  a  nogaiira  valoo  for  A. 
•thyl  laoraio  and  tibjl  paUniiato  asoocristo  rapidlj,  and  ibo 
(ion  is  greaior  for  ibo  oompoond  coniaining  ibo  loogor  oarbon  obaln. 


Fio.  1. 


(ui)  Amongst  the  lower  fatty  acids,  butyric  add,  for  ^^'"P^^^ 
introdnciion  of  a  bromino  atom  into  tbo  a-pooiiion  rodocoo  A  to  abovt 
half  iU  original  valuo;  bigbor  op  ibo  isrios.  ibU  is  not  ^  •^ 
a  bfomopalmiiic  acid  aoMMiafei»g  almoil  ao  mmk  as  palmitic  ^<l  i^ 

(iw)  The  introduction  of  an  oibyloiile  linking  in  •••^•^ 
the  continuity  of  the  hydpooarboo  obain,  and  tbo  -  f»to-  of  - 
is  considerably  reduced. 

This  aliemato  riao  and  fall  in  tbo  ralue  of  a  physic^  consUnt  as  a 

^mijmnocn  and,  as  In  ibo 


5  D 


series  is  ascondod  ia  of  eomparatively  rf 

present  case,  the  constanU  of  oacb  soriea  exhibit  a  "^^^  ^•^ 
The  melting  poinU  of  the  fatty  o^^  oonstauU  1*0  bo* 
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instance  of  this  phenomenon  (Baeyer,  Ber.,  1877,  10,  1286).  The 
striking  similarity  between  the  curves  for  the  melting  point  and  those 
for  the  "  rate  "  of  association  in  the  case  of  the  even  members  is  shown 
in  the  accompanying  diagram.  , 

It  is  particularly  interesting  to  notice  that  the  two  minima  are 
exhibited  by  the  same  acid.  Such  a  similarity  suggests  that  the  rise 
in  the  melting  points  as  the  series  is  descended  from  hexoic  to  acetic 
acid  is  directly  due  to  molecular  association. 

The  question  then  arises,  why  does  the  minimum  value  of  the 
constant  A  occur  at  the  sixth  member  of  the  series  ?  Assuming  with 
Baeyer  {Ber.^  1885,  18,  2278)  that  a  chain  of  five  carbon  atoms  bends 


Fio.  2. 
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on  itielf,  the  end  of  the  carbon  chain  in  the  C^  acid  would  be  in  close 
proximity  to  the  carboxyl  group.  This  might  hinder  the  union  of 
the  carboxyl  radicles  and  thus  prevent  association.  After  the 
minimum  has  been  reached,  the  whole  molecule  behaves  physically  as 
though  it  were  a  hydrocarbon,  an  increase  in  the  length  of  the  chain 
causing  an  increase  in  the  **  rate  "  of  association. 

A  phenomenon  of  this  nature  has  never  previously  been  discussed, 
although  Auwera  has  recorded  a  somewhat  similar  instance  {Zeit.phytikal. 
Cknn,,  1900,  32,  39).  p-Hydroxybenzaldehyde  associates  strongly 
in  naphthalene  solution  owing  to  the  influence  of  the  hydroxyl  group. 
Th*  methyl  derivative,  phydroxyacetophenone,  is  less  abnormal ;  the 


fv»vrAllATIv'-  r  I  Uni 


abnormaUiy  now  iaoNMtt  mi»loruiAr  «»iKht  of  th« 

until  ^ydroz]rp«lailo|ilk*;  rmcbod,   which  aMOcUt<t  lo  lb» 

Munt  ttcUiii  M  tb«  ddthjil  it  U  rridkal  UmU  Um  MMiblto 

it  inortand  owiog  lo  Um  aeuon  oi  Ito  hjdroorbott  dlMOa,  Jm*  m  la 
Um  flM»  of  Um  higlMr  hMj  Midi  to  pbMol  mAntkm. 

A  h jdroearboD  chain,  howtrvr,  doM  ooi  alwajt  •mrt  ihit  toif  m, 
for  Bilu  (W  Ml.)  bM  showD  thai  Um  •<  rmU**  oT  ■woriitloa  of  IM 
alcohols  in  bM»iB«  Amnum  onlfomlj  wiib  Um  riat  la 
weight,  eTtn  in  the  oaae  of  the  oztrMM  aombora  of  i 
Again,  according  to  Anwera  {JMi,  ptkytikaL  Cktm.,  1897,  28^  449), 
the  anilidet  of  the  fait/  acida  exhibit  a  aiailar  behaTiottr  la 
napbtbaloDe  aolutaon. 

(b)  ThM  Itonuric  FaUy  Adds. 

When  the  chain  branches  bejond  the  a-earbon,  the  "rate"  of 
amociation  increaaea ;  this  ia  teeo  in  the  oaae  of  isoralerie  add,  Hm 
fsu:tor  (17)  of  which  is  oonaiderablj  grsator  than  that  of  tbo  oorra> 
spooding  normal  acid  (11).  SabsUtotion  of  the  a-hjdrogen  atom,  on 
the  other  hand,  dsersaass  the  **  rate  "  of  anociatioo.  uoButjrie  and 
nMtiiylHbjIaeokie  adds  asaodato  laas  rapidlj  (A  -  9  and  8  re- 
spectively) than  n-butyric  (14)  and  Taleric  acidt  (II).  That  thia 
behaviour  is  general  is  con6rmed  by  the  re»alta  obtained  for  other 
disubatituted  add*,  which  are  discnwed  under  divisioD  1  By  aaalofj, 
the  magnitade  of  A  shoold  be  stiU  leas  for  the  IrisabaUlalod  nddt 
(triehloroaeetie  aeid,  A  -S). 

If ,  as  is  probable,  these  results  are  only  particular  instaaeea  of  a 
geoeral  law,  this  method,  which  could  be  fployed  in  discriaiMliaf 
between  the  iaomerio  aliphatic  adds,  oonpares  favonimUj  wilk 
chemical  pfociosiitfis  in  being  quickly  carried  out  with  small  quantities  of 
material. 

2.*  (a)  Mono9no0iUM*9d  Actiie  Acids. 

In  tbeae  compounds,  the  methyl,  ethyl,  pbaoyl,  aad  bcnsyl 
and  the  lialogen  radidea  have  practically  the  same  inflMoea, 
the  oooslant  A  from  23  in  the  ease  of  aootio  add  to  12^14. 


(b)  DimihsHhtM  Am$m  A0U9. 

Here,  again,  the  halogena  and  the  alkyl  radicles  of  lowtr 
weight  exert  the  same  influence,  the  resulting  uki  iMviaf  lho< 
A  »  8^9,  although  in  the  monoaubstitutad  naida  pbaoyl 
hke  other  gioupa,  but  tha  &SmAt0iMM  adds  eoatainiag  t^  radiflla 

•  AnaddofMditypeitrvpnssatsdla  Pig.  t,  ^  lift. 

6  D  S 


1432 


ROBERTSON  :   STUDIES   ON 


give  normal  values  for  A  ;  for  example,  the  constant  A  of  a-chloro- 
phenylacetic  acid  is  3,  whilst  that  of  hydroxydiphenylacetic  acid  is 
practically  the  same  (A  =  4). 

This  peculiar  behaviour  of  the  phenyl  radicle  is  not  exhibited  in  the 
/3-po8ition.  )S-Phenylpropionic  acid  associates  to  the  same  extent  as 
the  other  monosubstituted  acetic  acids. 

(c)  Triaubstiiuled  Acetic  Acids. 

As  might  be  expected,  the  constant  A  for  trichloroacetic  acid  is 
approximately  normal,  that  is,  the  association  has  almost  disappeared 

Fig.  3. 


(A  =»  2).  The  only  other  acid  of  this  class  is  benzilic  acid,  the  constant 
(A  — 5)  for  which  is  probably  increased  owing  to  the  action  of  the 
hydroxyl  group. 

3.  The  Dicarhoxylie  Acids. 

These  compounds,  as  well  as  the  tricarboxylic  acids,  with  their 
halogen  and  hydroxyl  derivatives,  are  characterised  by  their  sparing 
solubility  in  phenol.  On  introducing  an  alkyl  group,  however,  the 
solubility  is  increased,  so  that  these  derivatives  could  in  most  oases  be 
investigated  (see  upder  "Solubilities,"  p.  1438). 

The  addition  of  a  carboxyl  group  always  increases  the  **rate"  of 
association,  its  action  being  greater  than  that  of  any  other  group 
hitherto  studied.    As  in  the  monocar  boxy  lie  acids,  the  i^omerides  with 
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Um  Urgmi  Bomber  of  bjr<lroff*o  atona  in  ib«  «-potiUoii  htkW  tb« 
biflMBi  anocUtton  faeior.  Tbli  !*•  nuuie  oltiir  by  oompariDg  Um 
bomeiie  •ibjrlmalonio  and  metbylnuoclnio  acid«,  tb«  UtUr  of  which 
bat  tbo  higbMt  constant,  tbo  Talue*  being  31  abd  47  reepeoliTelj. 
Again,  tubsiitution  of  the  a-bydrogen  atom*  redoeee  the  valoe  of  A, 
at  in  the  ca«e  of  a'a'-dibromo^-metbjltuocinio  acid,  the  oonatant  for 
which  if  11. 

Here  it  is  interesting  to  note  that  A  U  merelj  additive  and  can  be 
oalcnlated  by  the  addition  of  the  Talues  charaeierising  each  of  the 
carboxyl  groups  supposing  that  the  other  was  absent.  Calling  a,  the 
fraction  of  the  constant  A  due  to  the  uocarboxylic  group,  and  a,  that 
for  the  second  group :  A-a,-!- a, •■8  +  2-10,  which  is  practically  the 
Mine  as  the  experimental  result. 

In  the  case  of  methylsuccinio  acid,  A  -i  Aj  +  a,  «  8  + 14  «  22,  but  hers 
the  calculated  yalue  of  the  constant  is  far  short  of  the  experimental 
result,  namely,  47.  Hence  it  is  probable  that  there  is  some  mutual 
influence  between  the  two  groups,  which  becomes  greatly  increased 
with  the  increase  in  strength  of  one  of  them.  The  slight  amount  of 
assodation  exhibited  by  sebacic  acid  (A-*  16)  shows  that  at  the  end 
of  a  chain  of  eight  carbon  atoms  the  mutual  influence  is  practically  nil. 


4.  Hifdroxy-  and  \BoN\tro9(Hteidi, 

In  phenolic  solution,  the  molecular  depressions  of  hydroxyl  com- 
pounds tend  to  increase  with  the  rise  in  concentration,  that  is»  A  is 
negative.  Hence,  the  natural  conclusion  is  that  a  hydroxy-acid  would 
associate  less  rapidly  than  the  acid  from  which  it  is  derived.  But  this 
is  not  always  the  case.  Indeed,  the  introduction  of  hydroxyl  into  the 
a-position  with  respect  to  carboxyl  raises  the  value  of  A.  Such  $jk 
increase  is  all  the  more  remarkable,  as  most  other  substituents  in  the 
same  position  have  an  opposite  effect.  Thfs  result  may  be  due  to 
some  mutual  influence  between  the  two  groups,  himilar  to  that 
indicated  in  the  case  of  the  dicarboxylic  acids. 

It  is  interesting  to  compare  lactic  and  mandehc  acids  with  the 
acids  from  which  they  are  derived. 

A  A 

CH5-CH,-00,H         13  CH,-CH(OH)-CO,H        16 

C.Hj-CHj-COjH         14  C,H,-CU(OH)-CO,U        22 

The  greater  magnitud^of  the  increase  in  the  case  of  mandelic  acid 
is  especially  noteworthy  when  it  is  remembered  that  disubstituted 
acids  containing  a  phenyl  radicle  are  characterised  by  their  extremely 
low  values  of  A.  That  the  rapid  association  of  mandelie  acid  is  con. 
nected  with  the  remaining  a-hydrogen  atom  is  apparent  from  the  fact 
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that  benzilic  acid,  in  which  this  hydrogen  is  replaced  by  phenyl,  has 
a  constant  A  =  5. 

The  two  hydroxydiphenylacetic  acids  associate  only  slowly,  the 
hydroxy-group  exerting  only  a  slight  influence  in  both  cases. 

The  introduction  of  two  hydroxyl  groups  into  the  stearic  acid 
molecule  reduces  the  constant  A  from  98  to  7.  But  it  must  be  borne 
in  mind  that  the  extensive  association  of  stearic  acid  has  been 
shown  to  be  due  to  the  influence  of  the  hydrocarbon  portion  of  the 
molecule. 

woNitrosovaleric  acid,  CH3*C(NOH)'CH2*CH2'C02H,  is  character- 
ised by  its  rapid  change  of  association  with  concentration,  the  entrance 
of  the  t^onitroso-group  into  the  valeric  acid  molecule  causing  the  con- 
stant A  to  increase  from  11  to  37.  In  order  to  ascertain  the  behaviour 
of  the  oximino-radicle  alone,  acetoxime  was  examined  with  the  follow- 
ing result:  A=  —3;  Ai  =  72  5.  This  does  not  explain  why  iso- 
nitrosovaleric  acid  has  this  large  variation  of  association.  The  true 
explanation  is,  however,  simple ;  the  association  is  not  caused  either 
by  the  union  of  carboxyl  radicles  or  by  the  combination  of  hydro- 
carbon chains,  but  is  brought  about  by  the  junction  of  the  carboxyl  radicle 
of  one  molecule  with  the  wonitroso-group  of  the  next.  For,  if  this  is 
possible,  other  acids,  acetic,  for  example,  should  associate  with  acet- 
oxime in  phenolic  solution.  The  following  experimental  data  show 
that  this  is  undoubtedly  the  case. 


Weight  of 
acetic  acid 

»    added. 

A^ 

0-0680 

0-45° 

0-0974 

0-735 

0-1092 

0-81 

0-1022 

0-775 

0-1666 

1-21 

A  solution  of  toluene  in  13*25 
grams  of  phenol  causing  a  de- 
pression of  2°. 


Weight  of 

acetic  acid 

Molecalar 

added. 

At. 

depression. 

00820 

0-77° 

74-5 

0-1206 

1-10 

72-6 

01152 

101 

70 

A  solution  of  acetoxime  in  12*6 
grams  of  phenol  causing  a  de- 
pression of  3-5°. 


Molecular 
depression. 

60 

56 

55 

57 

54-5 


When  the  acetoxime  is  present,  the  molecular  depression  is  Hbnor- 
mally  low,  showing  that  the  acid  molecule  has  united  with  the  ozime  to 
form  a  complex.  The  fact  that  the  values  of  A  increase  with  the 
concentration  points  in  the  same  direction.  When  the  amount  of 
acetic  acid  added  exceeds  a  molecular  proportion,  A  begins  to  decrease 
in  value  owing  to  the  association  of  this  acid  alone. 

In  the  presence  of  toluene,  however,  which  does  not  unite  with  the 
acetic  acid  to  form  a  molecular  complex,  the  depression  is  large  at  first 
and  decreases  regularly  as  the  solution  becomes  more  concentrated. 
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5.  SmhuUuUd  Amino-^teitU, 

Th«  a-amiDo-Aoidt  tbtniMlYM  could  not  b«  txamiD^d  owing  to  tboir 
•paring  •olubiliiy  in  phenol.  Interesting  reeuIU  were  obUtned,  bow- 
ever,  from  the  iDveetigelion  of  tbeir  deriTaiiTee. 

It  ia^  ebaracteristio  of  compouods  oontaining  nitrogen  to  bave  a 
negetiT*  oonetant  A  wben  dissolved  in  phenol.  Hence  it  is  not 
tnrprieing  to  find  that  hippuric  aud  pbenyUmiDopbenjlaoetio  addt 
behave  in  a  similar  manner.  But,  at  first  sight,  it  appears  anomaloM 
ibat  phenylaminoacetic  acid  should  associate  to  approximately  the 
same  extent  as  the  moDO-substituted  acids.  Tkius, 
C.H,-NH-CH,-CX),H.  A -17;  C^Hj-NH-CH(CjHj)-CO,H,  A- -16. 

This  behaviour  may  be  explained  if  it  is  remembered  that  the 
phenyl  group  in  the  a-position  weakens  the  associating  influence  of 
the  carboxyl  radicle  (compare  Table  I,  acids,  Nos.  21,  29,  30)  and 
that  imino-gronps  tend  to  cause  negative  association. 

Aniline  has  a  slight,  succinimide  a  strong  negative  value  of  A. 
Phenylaminoacetic  acid  associates  ;  hippuric  acid  has  a  negative  value 
of  A,  which  would  appear  to  be  due  to  the  strong  negative  influence 
of  the  OO'NU  group. 

6.  AeidSf  ths  Molecular  Depression  of  which  increases  with  tk$ 
Concentration, 

Excepting  certain  substituted  amino-acids,  the  only  other  compound 
with  a  negative  constant  A  is  Isvulic  acid.  Bredt  (Annalsn,  1887, 
236,  225)  gave  the  constitution  of  this  acid  as 


CH,-C(OH)  .CH,-CH,-C0-6. 


In  phenol,  IkvuHc  acid  behaves  as  if  it  contained  a  hydroxyl  group, 
for  the  alcohols  give  negative  values  for  A  as  well  as  a  large  initial 
molecular  depression  (82). 

7.  Acids  with  an  Eihylenie  Linking. 

In  bensene  solution,  the  unsaturated  alcohols  associate  more  rapidly 
than  the  corresponding  saturated  compounds,*  and,  similarly,  the 
value  of  A  is  greater  for  cinnamio  than  for  phenyl  propionic  acid. 
Oleic  and  stearic  aci||s,  on  the  other  hand,  show  the  oppoeite 
behaviour  (compare  Table  I). 

•  BUU  (loe.  di,). 
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8.  Aetds  vohich  Decompose  in  the  Presence  of  Phenol, 

Dichloroacetic  acid  is  decomposed  by  phenol,  the  solution  having  a 
large  molecular  depression  and  a  characteristic  fluorescence,  which  is 
red  by  reflected,  and  green  by  transmitted  light.  Citraconic  acid 
gives  a  similar  fluorescence,  probably  decomposing  into  its  anhydride, 
which  then  condenses  with  phenol  to  a  compound  of  the  fluorescein 
type.     Maleic  acid  dissolves  to  a  clear  solution.* 


Hie  Molecular  Depression  and  the  "  Rate  "  qf  Association, 

No  definite  connection  appears  to  exist  between  the  initial  molecular 
depression  and  the  constant  A  of  a  compound,  although  among  the 
fatty  acids  the  two  constants  generally  vary  together.  The  greatest 
regularity  is  exhibited  by  those  acids  for  which  A  varies  between  1 3 
and  17.  In  all  cases,  the  molecular  depression  is  69 — 71,  being 
almost  identical  with  the  mean  value  of  this  constant. 

Acids  with  a  negative  A  (Nos.  34 — 36,  Table  I)  are  shown  to  have 
a  large  initial  molecular  depression.  Experiments  on  some  20  sub- 
stances, including  alcohols,  alkyl  esters,  and  nitrogen  compounds, 
indicate  that  this  is  only  a  particular  example  of  a  general  rule. 


The  Behaviour  of  the  Fatty  Acids. 

If  the  molecular  weights  of  the  fatty  acids  in  benzene  solution  are 
plotted  against  the  concentration,  the  curve  rises  rapidly  until  tl^e 
molecular  weight  is  doubled,  and  then  remains  almost  constant,  even 
in  concentrated  solutions.  But  there  is  still  a  slight  increase,  and  the 
numbers  in  Table  II  show  its  magnitude  between  a  5  and  10  per  cent, 
concentration.  A  comparison  is  made  with  the  corresponding  values 
of  A  in  phenol. 

•  Phenylaininoacetic  and  phenylaminophenylacetic  acids  dissolved  to  yellow 
solutions,  but  no  fluorescence  was  observed.  In  the  case  of  these  acids,  there  was 
no  evidence  of  decomposition.  Diglataric  acid,  when  dissolved  in  phenol,  yieldi 
a  dichroic  solution. 
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Taiile:1U. 

IncrrAM  iu 

rooIrcuUr 

weight  in 

EtbtrificAiioo 

Add. 

bMiuM.* 

A. 

Ackl. 

ronaUnt 

A. 

AceUc 

S5 

tz 

Acetic 

3-661 

23 

PropioDii 

20 

IS 

Propioni 

3049 

13 

Pbwiyltoetic 

..       20 

u 

ChloroAceiic    . 

..     3-433 

14 

BrooKMeetic 

15 

12 

Phenyltoetic   . 

..     3-068 

14 

Uurie... 

""i 

42 

Bromoaoetic    . 

..     1-994 

13 

itoButyric    .... 

..     1019 

9 

Trichloroacetic 

..     OK)373 

3 

*  ratern6,  Ckumtta^  1889.  19,  640. 

A  rough  oorrespoDdence  is  shown  in  the  case  of  the  first  four  acidf, 
but  the  differeoce  is  considerable  for  lauric  acid.  It  must,  however, 
be  remembered  that  in  benzene  solution  the  acids  are  present  at 
double  molecules. 

The  rule  th&t  substitution  in  the  a-position  with  respect  to  carboxyl 
diminishes  the  **rate"  of  association  is  by  no  means  confined  to  the 
solTent  at  prerant  under  examination.  Blzperiments  with  thymol 
show  that  whilst  chloroacetic  acid  associates  rapidly,  trichloroacetic 
add  is  practically  normal.  Again,  in  phenylacetic  acid  solution,  acetic 
acid  shows  a  greater  increase  of  association  than  its  monochloro-deriT- 
ative,  and,  in  the  case  of  trichloroacetic  acid,  the  value  of  A  is  actually 
negative. 

Similarly,  the  normality  of  trichloroacetic  acid  in  phenol  solution 
finds  a  psmdlel  in  the  behaviour  of  the  corresponding  tribromo-acid  in 
benzene.  For  Auwers  has  shown  (Zeit.  physikal.  Chem.,  1890,  6,  689) 
that  this  acid  has  a  normal  molecular  weight  with  a  depression  of  0  3^, 
whilst  in  a  solution  of  phenylacetic  acid  causing  the  same  depression 
there  are  already  50  per  cent  of  double  molecules. 


Tk$  Conneetum  between  the  **  RaU"  qf  Aeeoeiatian  and  the  Etherifieatum 

Constant, 

Sudborough  and  Doyd  (Trans.,  1899,  75,  467)  have  determined  the 
rates  of  etherification  of  a  number  of  substituted  acetic  acids  in  the 
pieeence  of  hydrochloric  acid.  The  qualiUtive  agreement  between 
their  results  and  the  values  of  A  is  remarkable.  The  comparison  is 
shown  in  Table  III. 

The  numbers  in  both  columns  are  (with  the  single  exception  of  pro- 
pionic acid)  in  descending  order.  This  relationship  strongly  supports 
Henry's  theory  of  csterification,  namely,  that  an  nns^ble  additive 
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product  M  is  formed  between  the  alcohol  and  the  acid,  and  that 
this  immediately  decomposes  into  the  alkyl  ester.  Association,  on  the 
other  baud,  consists  of  the  union  of  like  molecules,  but  in  each  case 
the  combination  is  due  to  the  carboxyl  group. 

The  Solubility  of  the  Fatty  Acids  and  their  Derivatives 

in  Phenol. 

The  study  of  the  phenolic  solutions  of  the  fatty  acids  leads  to  the 
following  generalisations. 

(1)  The  lower  fatty  acids  are  miscible  in  all  proportions,  but  when 
stearic  acid  is  reached  the  solubility  becomes  greatly  diminished. 

(2)  All  the  hydroxyl,  halogen,  and  phenyl  derivatives  of  the  fatty 
acids  are  readily  soluble. 

(3)  The  polycarboxylic  acids  are  characterised  by  their  insolubility  ; 
this  also  applies  to  their  halogen  and  hydroxyl  derivatives.  The 
solubility,  however,  is  much  increased  by  the  introduction  of  an  alkyl 
group,  the  effect  being  smaller  the  greater  the  number  of  carboxyl 
radicles. 

(4)  The  hydroxyl  derivatives  of  the  dibasic  acids  are  les^  soluble 
than  the  original  acids. 

(5)  The  a-amino-acids  are  extremely  insoluble,  in  this  respect 
differing  from  their  substituted  derivatives. 

In  Table  IV,  the  differences  between  the  freezing  points  of  phenol 
and  its  saturated  solution  are  given  for  a  number  of  slightly  soluble 
acids.  This  depression  is  roughly  proportional  to  the  number  of 
dissolved  molecules  in  a  constant  weight  of  phenol. 

Table  IV. 


Acid. 

At. 

Depression  of 

freezing  point 

of  satuiated  ' 

solution. 

Acid. 

At. 

Depression  of 

freezing  point 

of  saturated 

solution. 

1.  Malonie 

0-16' 
0-22 
1-8 
21 

>8 

>8 

>6 
027 
2*8 
0-09 
0-50 
0-09 
0*11 

14.  Aminoacetio  (glycine).. 

15.  a-Aminophenylacetic... 

16.  Aapartic  

OOS" 

2.  Succinic    

0*06 

8.  Adipio  

0  06 

4.  Sebacic \ 

17.  Phenylamiuoacetic    ... 

18.  Benioylaminoacetic  ... 

19.  Phenylaiuinophenyl> 

acetic     

1-4 

6.  Methvlsuccinto    

6.  Ethylmalonio  

7.  Citraconic 

21 
17 

8.  MejUicouic 

1*20.  Palmitic  

(2 

9.  Maleio 

21.  Stearic 

1*6 

10.  Fumaric    

22.  Tricarballylic 

0*17 

11.  Hromosucciuio 

i28.  Acouitic  

0*85 

12.  Tartaric    

!24.  Diglntaric  

0*09 

13.  Muoio    

'25.  iwPropyltricarballylic. 

0*38 
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In  iba  ttriot  of  hooMlosooa  dibMie  aolds.  Not.  1^4,  it  ii 
that  thaaolubiliiy  ipcream  with  tha  moleouUr  weight.  In  th« 
of  sttOQinio  add  and  its  mathjl  darivatt?*,  the  latur,  which  ia  ooo- 
varlibSa  into  ita  anhydride  with  eaaa,  i»  oonaidarabl/  mora  aolnbla. 
TIm  iairadiiction  of  a  bromine  atom  into  snooinio  acid  ineraaaaa  iha 
solabiliij,  bat  to  a  much  smaller  extent.  Malooio  acid  diaeolvaa  mora 
spartQglj  than  succinic  acid,  but  otbjlmalooic  acid  is  easilj  aolublo ; 
isapfopyltriearballjlic  acid,  however,  is  only  slightly  more  aolable 
than  tricarballylic  acid. 

Although  metbylauccinic  acid  readily  dissolves  in  phenol,  tba 
introduction  of  a  third  carboxyl  group  makes  the  resulting 
t  rtoarballylio  acid  almost  insoluble.  Similarly,  aconitic  acid  is  only 
slightly  aoluble.  Hence  it  is  to  be  expected  that  the  dibasic  acid 
derived  from  it  would  be  citraconic  acid,  as  the  isomeric  mesaconic 
acid  is  even  less  soluble  than  aconitic  acid.  From  this,  it  would  appear 
that,  when  dissolved  in  phenol,  aconitic  acid  possesses  the  cu-con- 
figuration. 

Tartaric  and  mucic  acids  (Noa.  12  and  13)  are  considerably  lesa 
soluble  than  the  acids  from  which  they  are  derived  (2  and  3).  Thia 
shows  clearly  the  effect  of  hydroxyl  groups  in  dicarboxylic  acids 

The  very  slight  solubility  of  the  a-amino-acids  (Nos.  14,  15,  16)  ia 
especially  remarkable,  but  their  derivatives  (Noa.  17, 18,  19)  are  more 
readily  aoluble. 

aa'-Diglutaric  acid  (No.  24),  the  only  tetrabasic  acid  examined, 
illustrates  the  rule  that  poly carboxy lie  acids  are  extremely  insoluble 
in  phenol. 

Summary/  and  Conclusion, 

The  following  conclusions  have  been  deduced  from  the  foregoing 
investigation. 

(1)  In  freezing  phenol,  the  fatty  acids  and  their  derivativai  tend  to 
aaaodate  with  an  increase  of  the  concentration. 

(3)  The  **  rates  "  of  association  of  the  normal  fatty  acids  alternately 
increases  and  decreases.  If  the  compounds  containing  an  even  number 
of  carbon  atoms  are  considered,  the  association  decreases  until  a 
minimum  is  reached  at  the  sixth  member ;  the  subsequent  increase  is 
rapid. 

(3)  The  influence  of  snbstituents  depends  on  their  nature  and  on 
their  position  as  well  as  oi  the  acid  into  which  they  are  introduced. 
But  it  is  a  general  rule  that  a-disubatituted  acids  associaU  less  strongly 
than  the  mono-derivatives,  whilst  trisubstituted  acids  exhibit  the 
lowest  "  rate  "  of  association. 

(4)  Dicarboxylic  acids  associate  more  rapidly  than  monocarboxylie 
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acids.     Here,  again,  BubBtitution  in  the  a-position  reduces  the  *' rate" 
of  association. 

(5)  a-Hydroxy-  and  isonitroso-groups  tend  to  increase  the  "  rate " 
of  association. 

(6)  Certain  nitrogen  groups  have  a  negative  influence,  that  is,  the 
resulting  compounds  have  molecular  weights  decreasing  with  the  con- 
centration. 

(7)  The  "  rate  "  of  association  of  the  substituted  acetic  acids  bears  a 
qualitative  relationship  to  their  velocity  of  etherification  (compare 
V.  Meyer,  Ber.,  1895,  28,  2790). 

The  present  work  will  be  extended  in  other  directions,  a  number 
of  alcohols,  ethereal  salts,  and  hydrocarbons  having  already  been 
examined  in  solutions  of  phenol  and  its  derivatives. 

In  conclusion,  I  would  like  to  express  my  best  thanks  to  Professor 
Easterfield  for  the  encouragement  and  help  which  he  has  given  me 
during  the  course  of  my  work.  I  am  also  indebted  to  Professor 
Auwers  of  Greifswald,  who  has  furnished  me  with  a  considerable 
amount  of  literature  bearing  on  cryoscopic  investigations. 

Victoria  Collroe  Laboratory, 
Wellington, 

New  Zealand. 


CXL. — Acid  Salts  of  Monobasic  Acids, 

By  Robert  Crosbie  Farmer,  M.Sc,  Ph.D. 

Many  oxygen  compounds,  such  as  cineol,  dimethylpyrone,  <fec.,  com- 
bine with  acids  to  form  well-defined  salts,  which  can  only  be  formu- 
lated on  the  assumption  that  the  oxygen  has  become  quadrivalent. 
Esters  have  also  been  shown  to  possess  this  property,  as,  for  instance, 
ethyl  benzoate  (Baeyer  and  Villiger,  ^er.,  1901,  34,  2692).  It  is 
therefore  evident  that  one  of  the  oxygen  atoms  of  the  carboxyl  group 
can  undergo  this  transformation  and  impart  basic  properties  to  the 
carboxylic  esters.  This  being  the  case,  it  is  possible  that  even  the 
carboxylic  acids  themselves  may  also  possess  extremely  feeble  basic 
properties. 

It  is  well  known  that  many  carboxylic  acids,  such  as  acetic  acd 
benzoic  acids,  give  rise  to  double  molecules  when  dissolved  in  benzene 
or  other  inert  solvents,  or  even  in  the  state  of  vapour  (Beckmann, 
£9it,  phyaikal,  Chem,,  1888,  2,  729;  Nernst,  foe.  ct<.,  1891,  8,  116 ; 
Dawson,  Trans.,  1902,  81,  521 ;  Hentsschel,  J.  pr,  CA«m.,  1887,  38, 
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468).  The  roruiAtion  of  double  moleeal«  ouij  be  due  to  bMio  proper- 
Um  OMUMd  bj  a  quadri?aleiit  oxygen  etom,  ••  in  the  formuU 

ROOvJ^H 

If  thU  be  the  cam,  the  double  compound  will  be  of  the  nature  of  a 
salt,  an4  tbo  aesumption  is  therefore  strengthened  bj  the  fact  that  tho 
double  Moloenlee  onlj  exist  in  inert  aolvente  eooh  at  bepweo, 
chlorofoTD,  ^,  and  are  dissociated  by  hydrolysing  solvents.  It  is 
probablj  the  hydroxy lio  oxygen  of  the  cArboxyl  group  which  beoomee 
quadriralent,  for  if  it  is  assumed  that  the  cai-bonyl  oxygen  beoomee 

tetradic,  the  internal  salt»  ^^'^Xu  '  "^^S^^  ^  expected. 

If  this  explanation  be  correct,  the  tendency  to  form  salts  will  be 

by  the  replacement  of  the  acidic  hydrogen  by  a  more  basio 

each  as  an  alkali  metal. 

If,  however,  the  above  theory  is  correct,  such  salts  should  be  capable 

of  entering  into  combination  with  the  acids  from   which    they  are 

derived.     The  complex  molecules  thus  formed  would  then   be  formu- 

Uted  as  follows:    r(^^0<|^  . 

The  existence  of  double  compounds  of  normal  acetates  with  acetic 
acid  has  been  long  known,  and  the  acid  formates  have  been  recently 
investigated  by  Oroschuff  (Ber.,  1903,  36,  1783),  but  in  the  bentoic 
acid  series  only  a  few  isolated  examples  have  been  observed,  owing  to 
their  instability  in  the  presence  of  water. 

The  observation  that  many  derivatives  of  benzoic  acid  readily  give 
rise  to  weU-defined  acid  salts  led  me  to  study  the  conditions  of  forma- 
tion of  these  compounds  and  their  stability  in  solution.  A  physioo- 
chemical  investigation  showed  that,  although  they  exist  to  somo 
extent  in  alcoholic  solution,  yet  in  water  the  dissociation  is  practically 
complete.  It  appears,  therefore,  that  the  acid  salts,  like  the  complex 
molecules  of  the  acids,  are  most  easily  decomposed  by  solvents  of  the 
water  type.  The  acid  salte  are,  however,  more  stable  in  this  respeei 
than  the  associated  adds. 

Hentzschel  {J.  pr.  Chem.,   1887,  36,  .468)  suggested  the  formula 

^^p>C<^>C<^^«  for  potassium  hydrogen  aceUte.  There  ap- 
pears, however,  to  be  no  reason  why  the  stability  of  such  a  oomplex 
should  be  dependent  on^the  absence  of  hydrolysing  solveiite;  the 
a^umption  that  the  compound  is  the  salt  of  an  extremely  feeble  base 
is,  on  the  other  hand,  quite  in  accord  with  this  observation.  The 
formation  of  acid  salte  does  not  therefore  neoessatate  the  assumption 
that  the  acids  are  dibasic,  but  may  be  suppooed  to  depend  on  the 
amphoteric  nature  of  the  substance  due  to  the  presence  of  oxygen. 
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Experimental. 

The  potassium  and  ammonium  salts  were  chosen  as  typical  examples, 
and  their  preparation  was  effected  by  mixing  the  theoretical  propor- 
tions of  caustic  potash  or  ammonia  and  the  free  acid  in  alcoholic 
solution. 

In  most  cases,  the  acid  salts  slowly  separated,  but  in  some  cases 
the  solution  remained  supersaturated.  The  salts  were  purified  by  re- 
crystallisation  from  alcohol,  and  generally  the  ammonium  salts  crystal- 
lised out  more  readily  than  the  potassium  salts.  The  para-substituted 
benzoic  acids  gave  rise  to  the  most  sparingly  soluble  acid  salts,  whilst 
those  of  the  ortho-  and  metacompounds  could  in  some  cases  be 
obtained  only  by  concentrating  the  solution  to  a  very  small  bulk.  The 
salts  are  at  once  decomposed  in  water,  and  the  free  acid  can  therefore 
be  estimated  by  titration. 

Potassium  hydrogen  benzoate,  which  was  found  by  Gerhardt 
(Jahresber.j  1852,  450)  in  the  residue  left  after  distilling  potassium 
acetate  with  benzoyl  chloride,  is  more  easily  obtained  pure  by  the  fore- 
going method.  It  is  sparingly  soluble  in  alcohol  and  separates  in 
colourless,  leafy  crystals. 

Analysis  ;  The  percentage  values  of  potassium  and  free  benzoic  acid 
were  K=1385;  CeH5-CO2H  =  4302,  43*22,  43*19,  the  calculated 
values  being  K  =  13-86  ;  CeH^-COaH- 43*25. 

Ammonium  hydrogen  benzoate,  obtained  in  a  similar  manner,  crystal- 
lised from  alcohol  in  colourless  plates. 

Found,  NH^=:7'1 ;  (CeHj.-C02)2H-NH4  requires  NH^-6*9  per  cent 

The  salt  is  sparingly  soluble  in  alcohol,  insoluble  in  ether  and 
chloroform,  and  melts  indefinitely  at  190°,  subsequently  yielding  a 
sublimate;  it  does  not,  therefore,  appear  to  be  identical  with  the 
isomeric  dibenzamide  hydrate,  (CgH5-CO)2NH,2HjO,  obtained  by 
Schafer  (Annalen^  1873,  169,  111),  as  the  latter  compound  was 
soluble  in  the  above  solvents  and  melted  at  99°  (compare  Beilstein's 
Handbuch,  3rd  edition,  1896,  vol.  ii,  p.  1171). 

Ethyl  benzoate  has  been  previously  found  by  Baeyer  and  Villiger 
to  yield  salts  containing  quadrivalent  oxygen  (Ber.,  1901,  34,  2692). 
An  attempt  was  made  to  prepare  a  double  compound  of  ethyl  benzoate 
with  benzoio  acid,  but  no  combination  took  place,  either  in  benzene 
solution  or  on  crystallising  benzoio  acid  from  ethyl  benzoate. 

Toluio  Acids. — p-Toluic  acid  readily  gave  rise  to  acid  salts,  whilst 
those  of  tn-toluio  acid  only  separated  with  difficulty  from  their  alcoholic 
solutions.  oToluic  acid  did  not  under  these  conditions  give  acid  salts ; 
on  concentrating  the  solution  to  a  very  small  bulk,  the  free  toluic  add 
separated,  together  with  a  small  quantity  of  the  normal  salt. 
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k^drogm  mtoiumi$   it  Ttrj   rtadilj   soluble  in  Alcohol 
and  erTtUllisM  id  long  oMdlat. 

Found,  K  - 13*87, 13*66  ;  free  toluio  acid  «  43*6  ; 
(CH,-C,H/CO,),HK     requirM     K- 13-61;     CH,-CeH,CO,H      1 V. 
per  cent. 

Ammtmimn  Aydrcym  m4oluaU  forms  UbuUr  crjtUU  modermielj 
soluble  in  alcohol. 

Found,  NH^-6-2  ;  (CH,-C<H^-CO,),H-NH^  requires  NH^-6-3  p«r 
cent. 

Pota9ii%un  kffdrogm  ^p-iolvaU  forms  beautiful,  large  lamins,  sparingly 
K>luble  in  alcohol. 

Found,  K-18-31;(CH,-C^H^-CX),),HKrequire8K-12-61  percent 

Ammonium  k^fdrogm  ^-tolwUe  forms  long  needles  sparingly  soluble  in 
alcohol 

Found,  NH,-61 ;  (CH,-C^H,-CX),)jH-NH^  requires  NH^-6-2  per 
cent. 

Bromobimame  acids.  Here,  again,  the  acid  salts  of  the  /Mlerivative 
are  the  moet  sparingly  soluble.  The  solutions  of  the  ortho-derivatiTea 
tend  to  become  greatly  supersaturated. 

Potassium  hydrogen  o-brotnobeuzoate  forms  needle-shaped  crystal! 
very  readily  soluble  in  alcohol. 

Found,  K  »  8*94  ;  free  o-bromobenzoic  acid  —  46*0 ; 
(C^H^Br-00,),HK  requires  K-8-89  ;  C<,H^BrCO,H-.45-7  per  cent 

Amwumimm  kydrogsn  o-bromobemoate  is  likewise  very  soluble  in 
alcohol  and  forms  flat,  prismatic  crystals. 

Found,  NH^  =  4-5;  (CjH,Br-C0,),n-NH4  requires  NH^-4-3  per 

cent. 

Potassium  hydrogen  m-hromobssuoals  forms  colourless  platat  readily 
soluble  in  alcohol. 

Found,  K- 8*69  ;  free  r/i-bromobenzoic  acid  «>  46*1  ; 
(CeH^Br-00,),HK  requires  K  -  889 ;  C^H^Br-(X),H  -  45-7  par  cent 

Ammonium  hydrogen  m-bromobemzoaUf  colourless  plates. 

Found,  NH4  =  4  4;  (0|H^Br-0O,),H-NH^  require  NH«-4S  per 

cent. 

Potassium  hydrogen  j^bromoUmtoaU,  colourless  leaflets,  Twry  sparingly 
soluble  in  cold  alcohol. 

Found,  K-8-78;  (C,H^Br-CO^,HK  requires  K-8-89  percent 
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Ammonium  hydrogen  ip-bromobenzoate  crystallises  in  large  lamiosB. 

Found,  NH^-4-3;  (CeH^Br-C02)2H-NH^  requires  NH^-4-3  per 
cent. 

Nitrohenzoic  Acids, — The  acid  salts  derived  from  these  are  for  the 
most  part  sparingly  soluble  in  alcohol. 

Potassium  hydrogen  o-nitrobenzoate  forms  large,  pale  yellow,  flat 
prisms. 

Found,  K  =  10  60 ;  free  o-nitrobeuzoic  acid  =»  45*1 ; 
(N02-CoH,-C02)2HK  requires  K=  10-51;  N02-CgH4-COjH  =  44-9  per 
cent. 

With  alcoholic  ammonia,  o-nitrobenzoic  acid  yielded  only  the  normal 
ammonium  salt. 

Potassium  hydrogen  m-nitrobenzoate  forms  small,  pale  yellow  needles. 

Found,  K  =  10-43;  free  m-nitrobenzoic  acid  xx  45-0;  (N02*C<jH^«C02)^K 
requires  K  =  1051  ;  N02-CgH4-C02H  =  44-9  per  cent. 

Ammonium  hydrogen  m-nitrobenzoate  has  been  described  by  Mulder 
(AnnaleUt  1840,  34,  304) ;  it  forms  pale  yellow  needles. 

Found,  NH^  =  4'9;  (N02-C6H4-C02)2H-NH^  requires  NH^  =  5-1  per 
cent. 

Potassium  hydrogen  ^^itrobenzoate  forms  pale  yellow  needles, 
sparingly  soluble  in  alcohol. 

Found,  K  « 10-26  ;  (N02-CeH^*C02)2HK  requires  K  » 1051  per  cent. 

Ammonium  hydrogen  p-nitrobenzoate,  small,  pale  yellow  needles. 

Found,  NH^-4-9;  (N02-CeH4-CO^)8H-NH^  requires  NH^»6-1  per 
cent. 

ffydroxybenzoio  Acids. — Several  acid  salts  of  salicylic  acid  are  already 
known  (Hoffmann,  Jahresber.^  1878,  759);  they  slowly  separated 
from  saturated  aqueous  solutions  of  salicylic  acid  and  neutral  salicyl- 
ates, but  are  more  easily  prepared  by  the  method  described  on  p.  1442. 

Potassium  hydrogen  salioilate,  small  prisms,  moderately  soluble  in 
alcohol. 

Found,  free  salicylic  acid,  44*1;  (H0»CjH^*C03),HK  requires 
HO-CjH^-C02H-43-9  per  cent. 

The  acid  salt  of  wi-hydroxybenzoic  acid  could  not  be  obtained  free 
from  the  normal  salt,  since  the  alcoholic  solution  remained  persistently 
supersaturated.  The  product  obtained  on  repeated  crystallisation  was 
aoid,  but  still  contained  some  of  the  normal  salt,  as  sho^n  by  aoidi- 


rARMKR:    ACm  SALT**   n>-    MnvniMvju.    A^'irw  1  li". 

and  potftanum  detcrminmuoDs,  >>o  troo  m  nj(iroxj»pnioir 
Mid  eould  bt  titneUd  bj  btaiwn ;  bwiea  an  acid  lalt  mat t  bar*  been 
prMent  in  Um  mixture. 

Poiammm  kjfdrogm^  p^ydrooBifhmwoaH  im  ■paringlj  folable  in  alcohol 
and  eijaUUiMs  in  lamina. 

Found,  K  •  12*63 ;  (UO*0,H4*CO,),HK  i^uires  K  -  12-45  per  cent. 

Afmmmmmm  Ayrfroyen  ^yir9Uif6mmmt4  forms  small  prisms  sparingly 
soluble  in  cold  alcohol. 

Found.  NH,- 5-9;  (HO-C^H^-CO,),H-NH,  requires  NH^- 61  per 
cent. 

The  foregoing  results  show  that  the  capacity  to  form  saltM  con- 
taining two  equivalents  of  acid  to  one  of  potassium  or  ammonium  is 
a  general  property  of  the  derivatives  of  benzoic  acid.  In  the  solid 
tbese  derivatives  are  well-defined  compounds,  exhibiting  in  most 
beautiful  crystalline  forms,  and  recrystallisiog  unchanged  from 
alcohol.  Benzene  has  no  solvent  action  on  them,  thus  indicating  the 
ibeencie  of  any  uncombined  acid.  On  heating,  they  undergo  no 
ebaage  at  the  melting  points  of  the  corresponding  acids,  but  only  break 
up  at  much  higher  temperatures,  yielding  a  sublimate  of  the  acid  or 
its  decomposition  products.  .These  acid  salts  have  therefore  many 
properties  quite  distinct  from  those  of  mixtures  of  the  normal  salts  with 
the  free  adds. 

Mfed  rf  WakT  and  Alcohol  on  the  Acid  SalU.—The  acid  salts  are  at 
once  decomposed  in  contact  with  water.  The  following  method  was 
adopted  in  order  to  ascertain  whether  this  dissociation  is  complete  in 
aqneoos  solution. 

A.  weighed  quantity  of  benzoic  acid  was  distributed  between  known 
volumes  of  water  and  benzene  at  a  constant  temperature  (25°).  Since 
the  ratio  of  distribution  alters  with  the  dilution  (Nernst,  Znt,  phjf$ikai. 
Chem,,  1891,  8,  112),  the  same  concentration  was  maintained  through- 
out. The  experiment  was  now  repeated,  using  a  solution  of  potassium 
bemoate  in  place  of  pure  water.  If  the  potassium  benzoate  combined 
with  any  appreciable  quantity  of  the  free  benzoic  acid  to  form  Um 
compound  (C,HjC02)2HK,  the  ratio  of  distribution  of  the  benzoic  add 
between  the  two  solvents  would  be  affected. 

I  A  correction  must,  of  course,  be  made  for  the  ionisation  of  the 
benzoic  acid.  In  the  following  tables,  the  ratio  of  distribution  hat 
been  expressed  in  terms  of  non-ionised  benzoic  acid.  The  ezperimente 
were  carried  out  with  60  c.c.  of  benzene  and  500  cc.  of  water  free 
from  carbonic  add. 
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Distribution  of  Bemoto  Acid  between  Benzene  and  Water. 
Temperature  =  25°, 


Gram-mol.  of 

benzoic   acid 

ix;r  litre  of 

water. 

001640 

0-01645 

001655 


Gram-mol.  of  non-ion- 
ised benzoic  acid  per 
litre  of  water. 

0-01545 

0-01550 

0-01559 


Gram-mol.  of  benz- 
oic acid  per  litre 
of  benzene. 

0-2732 

0-2727 

0-2719 


Ratio  of  distribu- 
tion of  non-ionised 
benzoic  acid 
between  benzene 
and  water. 

17-7 

17-6 

17-4 


Mean      176 


Distribution  of  Benzoic  Acid  between  Benzene  and  an  Aqueotts  Solution 
of  Potassium  Benzoate. 

Temperature  =  25°. 


Gram-mol.  of 

potassium 
benzoate  per 

litre  of 

water. 

Gram-mol.  of 

benzoic  acid  per 

litre  of  water. 

Gram-mol.  of  benz- 
,oic  acid  per  litre 
of  benzene. 

Ratio  of  distribu. 
tion  of  benzoic 
acid  between 
benzene  and  the 
aqueous  solu- 
tion. 

0-0093 

001587 

0-2776 

17-5 

0028 

0-01597 

0-2768 

17-3 

0047 

0-01603 

0-2762 

17-2 

Mean     173 


The  addition  of  potassium  benzoate  to  the  extent  of  nearly  three 
gram-molecules  for  each  gram-molecule  of  benzoic  acid  in  the  aqueous 
layer  has  therefore  scarcely  affected  the  ratio  of  distribution  of  the 
acid,  and  hence  the  amount  of  the  double  compound  present  in  aqueous 
solution  must  be  very  small. 

Experiments  on  the  distribution  of  acetic  acid  betweeen  chloroform 
and  an  aqueous  solution  of  sodium  acetate  have  been  made  by  Dawson 
and  Grant  (Trans.,  1902,  81,  512).  Higher  concentrations  must  be 
employed  than  with  benzoic  acid  on  account  of  the  low  coefficient  of 
distribution.  The  following  experiments  were  carried  out  with  benxene, 
and,  as  before,  the  same  concentration  was  maintained  throughout. 
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ui; 


DUirihuiion  of  Aeilic  Add 

lomperatuie 


MiPitfi  AfMMfM  and  WaUr, 


Ormm-inol.  of 
loatio  acid  par 


0*868 
0-865 


25* 


Oraiii*moL  of 

iion4oiiiaad  acrtie 

acid  par  litro 

of  watar. 

0-864 

0-861 


Orammol.  of 

acetic  acid  prr 

litro  of 

baoxane. 

0O244 

00248 

Ratio  of  diatribo. 

UoBofDon-iooiaad 
acatioaoidbttvwB 
baaiana  and  vatoiw 

00282 

0*0382 

Mmd    00282 


Dittribution  of  Aeetic  Aeid  beiween  JhnMens  and  an  AquMUi 
Solution  of  Sodium  ActUUe, 


Temperature  «  25^ 

Gram-mol.  of 

aodiam  acetata 

per  litre  of 

watar. 

Gram-mol  of 

acetic  acid 

par  litre  of 

water. 

Gram-mol.  of 

acetic  acid 

per  litro  of 

bcnxeDe. 

Ratio  of  dUtnbtttioii 

of  acetic  add 
betwaea  banataa 
and  ihaaooaoaa 
aolaUon. 

013 

0-867 

0-0249 

00287 

0-25 

0-869 

00246 

00284 

0-38 

0-872 

0-0250 

00287 

0-50 

0*866 

0-0250 

00289 

Mean     00287 

The  sodium  acetate  has  therefore  slightly  decreased  the  solubility  of 
the  acetic  acid  in  the  water.  In  view  of  the  unavoidably  high  concen- 
trations, this  is  not  surprising ;  Dawson  and  Grant  found  that  tartaric 
acid  exerted  a  similar  influence  (Trans.,  1902,  81,  512).  There  is 
therefore  no  evidence  for  the  existence  of  acid  acetates  or  bensoates  in 
aqueous  solution.  It  appears,  however,  probable  that  the  complex 
molecules  will  exist  to  some  extent  in  the  presence  of  a  large  excess  of 
the  normal  salt,  for  it  was  found  that  when  a  small  quantity  of 
mineral  acid  was  added  to  a  concentrated  solution  of  potassium  bens- 
oate,  the  precipitate  formed  was  not  pure  benzoic  acid,  but  consisted 
of  the  foregoing  potassium  hydrogen  salt. 

As  already  mentioned,  the  double  salts  can  be  crystallised  from 
alcohol  without  change.  ^Molecular  weight  determinations  were 
carried  out  by  the  ebuUioscopic  method  to  ascertain  whether  disfoda* 
tion  took  place  on  dissolving  the  salt.  The  potassium  hydrogen 
/>-hydroxybenzoate  was  chosen  for  these  determinations. 
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Molecular  Weight  qf  Potassium  Hydrogen  p-HydroxybenzocUe  in 
Alcoholic  Solution. 

A  mixture  of  HO'CgH^'COgH  and  HO'CjH^'COaK  requires  157. 

(HO-CeH,-C02)2HK        „       314. 


Solvent. 

Substance. 

Rise  of 

boiling  point. 

At. 

Molecular 
weight. 

23-76 

0-625 

0-185 

164 

23-75 

1-807 

0-503 

174 

The  molecular  weight  found  is  therefore  somewhat  higher  than  that 
calculated  for  complete  dissociation.  We  should  expect  a  mixture  of 
a  salt  and  an  acid  to  give  a  value  somewhat  lower  than  that  calculated 
owing  to  ionic  dissociation  in  the  alcohol  (compare  Jones,  Zeit.  physikal. 
Chem.f  1899,  31,  133),  but  the  result  points  to  a  partial  association. 

This  was  confirmed  by  the  following  more  decisive  method.  In  this 
case,  the  corresponding  salt  of  salicylic  acid  was  employed,  the  mole- 
cular weight  of  normal  potassium  salicylate  being  first  determined. 


Molecular  Weight  of  Normal  Potassium  Salicylate  in  Alcoholie 

Solution. 

Molecular  weight  of  HO'CgH^-COgK  « 176. 


Solrenf^ 
23-75 

Substance* 
0*639 

Rise  of 
boiling  point. 
At. 

0-187 

Molecular 
weight 
165 

23-75 

1-119 

0-328 

165 

As  was  to  be  expected,  the  molecular  weight  found  is  somewhat 
lower  than  that  calculated,  owing  to  ionisation.  Salicylic  acid  was  now 
added  to  the  alcohol,  already  containing  the  normal  salicylate,  and 
the  further  rise  of  boiling  point  observed. 

If  there  were  no  combination  between  the  acid  and  its  normal  salt, 
the  simple  molecular  weight  should  be  obtained  for  the  Balicylic  acid 
added.  If,  however,  any  acid  salt  is  formed,  a  higher  molecular  weight 
will  be  found  ;  this  should  be  especially  noticeable  at  first,  when  there 
is  very  little  salicylic  acid,  and,  consequently,  a  large  axcess  of  the 
normal  salt* 
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MoUe%Jar   Weight  qf  Sa/iet/iic  Aeitl  in  Aleohot  e<mtaming 
472  ptr  otfO.  qf  SornuU  PoUuMium  SalicylaU, 

MoIecuUr  weight  of  U0*CgH«*00,H-il8a. 

RiM  of 
boUing  point  MoIoeoUr 

SolTtiit  SubtUaco.  AL  vdfbt. 

S375  0*1805  0O46  190 

0388  0113  168 

H  0*643  0199  156 

1*091  0-364  145 

1-455  0-481  146 

Ai  WM  anticipated,  the  observed  molecular  weight  was  much  higher 
than  the  normal  value  in  presence  of  a  Urge  excess  of  the  normal  salt, 
but  fell  gradually  as  the  quantity  of  salicylic  acid  increased.  It  is 
evident,  therefore,  that  even  in  alcoholic  solution  the  complex  salt  is 
for  the  most  part  dissociated  into  the  free  acid  and  the  normal  salt. 

Tbji  UvivBBsmr, 

BiaMIITGHAM. 


CXLI. — TTie  Constitution  of  Certain  Silicates. 

By  Chables  Simmonds,  B.Sc. 

DuEUiO  the  course  of  some  investigations  on  the  properties  of  lead 
silicates,  it  was  noticed  that  oxygen  was  readily  removed  from  these 
compounds  when  they  were  heated  in  a  current  of  hydrogen. 

In  a  qualitative  sense,  this  phenomenon  is  not  unfamiliar,  tb« 
bUtckening  of  lead  glass  in  the  reducing  flame  of  the  blowpipe  being 
perhaps  the  best  known  instance.  Hitherto,  however,  no  quantitative 
study  of  the  reaction  appears  to  have  been  recorded.  In  the  present 
experiments,  it  has  been  found  that  the  weight  of  oxygen  which  can  be 
eliminated  from  a  lead  silicate  by  the  action  of  hydrogen  at  a  red  heat 
corresponds  exactly,  within  the  limits  of  experimental  error,  to  the 
quantity  of  lead  present.  For  each  atom  of  lead  contained  in  the 
silicate,  one  atom  of  oxygen,  and  only  one,  is  removed  from  the 
silicate  by  the  reducing  agent. 

The  following  table  embodies  the  quantitative  reeolts  yielded  by  a 
number  of  lead  silicates : 
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Table  A. 
deduction  qf  Lead  SilicalM. 

0*6  gram  of  silicate  heated  to  redness  in  a  current  of  hydrogen. 


Silicate. 


I.  Simple  silicates : —  . 
Lead  orthosilicate,  Pb,Si04. 
,,     metasilicato,  PbSiOg  . 
,,     polysilicate,  PbaSigOa. 


II.  Double  or  complex  silicates:— 
Silicates   of    lead,    aluminium, 
and   the  alkali  and  alkaline 
earth   metals,    assignable    to 
the  following  classes  : — 


Percentage 
of  lead  in 

silicate 
calculated 

aaPbO. 


88-1 
787 
711 
64-9 


MeiasUicates : — No.  1 


>> 

2 

»» 

3 

,, 

4 

>i 

5 

Folysilicates  :— 

)t 

6 

>» 

7 

n 

8 

»» 

9 

)> 

10 

Dvnlicaies  ;— 

11 

(Flint  glasit) 

>) 

12 

59-3 
46-8 
48-7 
70-4 
70-3 

24-6 
41-3 
41-4 
49-3 
63-2 

44  1 
44-6 


Oxygen 

correspond- 
ing with 
weight  of 

PbO 
present. 


Gram. 
0082 
0-028 
0  025 
0-023 


0-021 
0-017 
0  018 
0025 
0-025 

0-009 
0-015 
0-015 
0-018 
0019 

0016 
0-016 


Oxygen  eliminated. 


Deduced 
from  loss 
of  weight. 


Gram. 
0-033 
0-027 
0  024 
0-022 


0  021 
0  018 
0  018 
0-024 
0-025 

0-009 
0-013 
0  015 
0-017 
0019 

0-018 
0-018 


Deduced 
from 
water 

formed. 


Gram. 
0  032 
0-029 
0-025 
0-023 


0-022 
0-017 

0*038 


0009 
0014 
0014 
0-018 
0017 


0  017 


*  Water  not  determined. 


The  hydrogen  used  in  the  experiments  was  freed  from  oxygen, 
moisture,  hydrogen  arsenide,  and  hydrogen  sulphide  by  being  passed 
successively  through  or  over  (1)  an  alkaline  solution  of  lead  nitrate; 
(2)  sulphuric  acid  ;  (3)  palladium-asbestos ;  (4)  sulphuric  acid ;  (5) 
red-hot  copper  turnings ;  and  (6)  sulphuric  acid.  The  finely  powdered 
silicate,  dried  at  100°,  was  weighed  into  a  porcelain  boat,  placed  in  a 
tube  of  hard  glass,  and  heated  in  a  combustion  furnace  for  an  hour 
or  more  in  a  current  of  hydrogen.  The  water  produced  was  absorbed 
in  a  small  U-tube  containing  sulphuric  acid  and  pumice.  After 
being  allowed  to  cool  in  a  stream  of  dry  hydrogen,  the  boat  with  its 
residue  was  weighed,  as  was  also  the  U-tube, 
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Since  ■oom  of  the  nilicAUa  ioTetUgaUd  oonUUoed  water  of  eonttltii- 
Uoo,  and  othera  were  noUblj  hjgroeoopio,  a  eeoond  portioii  of  the 
•abeUnoe,  weighed  out  at  the  same  time,  waa  heated  to  redoeae  in  air 
and  ita  loat  of  weight  determined.  Dae  allowanoe  for  thia  loaa  waa 
then  made  in  the  reduction  ezperimeota. 

Am  a  rule,  the  differencea  shown  between  the  two  methoda  of 
estimation  are  mainly  due  to  experimental  errors  ariaing  from 
hygroaoopieitj.  Small  inaoouraeies  may  also  occasionally  ariae>  from 
the  preaenee  of  a  small  amount  of  pyrites  or  other  impurity  in  the 
silioatea  under  treatment.  Errors  due  to  the  first-named  cause  ooald 
be  minimiaed  by  naing  a  somewhat  more  complicated  form  of  appar- 
atus ;  but  in  the  preeent  connection,  none  of  the  sourcea  of  inaccuracy 
mentioiied  ia  of  any  particular  significance. 

In  many  eases,  the  reaction  commences  at  a  temperature  below  that 
of  yisible  red  heat.  For  its  completion,  however,  a  bright  red  heat  is 
usually  required.  The  reduced  lead  silicate  thus  obtained  is  a  black 
powder  which  does  not  readily  reoxidise.  Apparently  it  does  not,  aa  a 
rule,  contain  metallic  lead.  To  this,  however,  there  is  an  exception  in  the 
case  of  lead  orthosilicate,  which  yields  a  residue  containing  a  considerable 
quantity  of  the  metal.  Further  description  of  the  properties  of  these 
reduced  silicates  is  deferred  until  another  occasioD,  since  it  is  a  matter 
distinct  from  the  main  object  of  the  present  communication. 

With  certain  exceptions,  silicates  of  metals  other  than  lead  behave 
in  a  similar  manner  to  the  lead  silicates,  provided  that  the  metal  (for 
example,  copper,  iron,  cobalt,  nickel,  &c.)  ia  one  the  oxide  of  which  is 
reducible  at  a  red  heat.  But  the  silicates  of  metals  (for  example, 
aluminium,  zinc,  magnesium,  calcium,  and  the  alkali  metals),  the 
oxides  of  which  are  not  thus  reducible,  do  not  yield  their  oxygen  at 
any  temperature  below  that  at  which  the  gla5S  of  a  combustion  tube 
softens.  Direct  experiments  on  the  silicates  in. question  prove  this 
point,  and  it  is  also  illustrated  by  the  results  for  the  complex  silicates 
given  in  the  foregoing  table.  Here  the  several  specimens,  which  con- 
tain from  3  to  23  per  cent,  of  the  oxides  of  aluminium,  calcium, 
magneaium,  sodium,  and  potassium,  in  addition  to  the  lead  oxide,  give 
up  oxygen  corresponding  with  the  lead  only. 

The  naturally  occurring  silicates,  augite,  epidote,  and  staurolite,  are 
the  only  exceptions  hitherto  encountered.  These  minerals  contained 
from  5  to  15  per  cent,  of  iron  oxide,  but  gave  no  definite  evidence  of 
reduction  when  heated  for  an  hour  in  hydrogen.  Specimens  of 
hjpersthene,  ilvaite,  and  stilpnomelane  showed  only  partial  reduction 
when  similarly  treated.  Such  instances  may  prove  to  be  of  importance 
as  indicating  something  of  the  differences  of  constitution  which  exist 
in  silicates.  For  the  present,  however,  the  discussion  is  confined  to  thoee 
cases  in  which  the  reduction  is  complete,  in  the  sense  already  indicated. 
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In  the  following  tables  are  given  the  results  obtained  with  various 
silicates  of  copper,  iron,  cobalt,  and  nickel : 


Table  B. 
Silicates  containing  Reducible  Oxides  other  than  Lead  Oxide, 


0-5  gram  of  silicate  heated  to  redness  in  a  current  of  hydrogen. 

Oxygen 

Percentage 
of 

reducible 
oxide  in 
silicate. 

Oxygen 
correspond- 
ing with 
the 

eliminated. 

Silicate. 

Deduced 

Dednced 

reducible 

from 

from 

oxide. 

loss  of 

water 

weight. 

formed. 

I.  Complex  borO'SilicaUs,  of  the  general 

type6RO.AlA.15(||^^'»^:- 

Gram. 

Gram. 

Gram. 

(a)  Lead  and  copper    

PbO    =17-5 

1    0014 

0-015 

CuO   =  8-1 

0  014 

''^        ■•         "™ L?O,=r9'}0-««^ 

0  033 

0  032 

(c)         ,,          cobalt PbO    =24-2 

CoO    =15-6 

}    0-025 

0-024 

0-024 

(tt)        „         nickel PbO   =257 

l,NiO    =  8-2 

1   0-018 

0-021 

0-020 

The  above  are  commercial  silicates 

prepared  by  fusion  methods. 

II.  DouhU  ailicaiea :— 

Ui)  Copper  and  sodium    

CuO   =38-4 

0  039 

,    0-037 

0*040 

(6)  Iron            ,,               

FejO,  =  26-4 

0-040 

1    0-041 

0-041 

(c)  Cobalt         „               

CoO   =24-3 

0  026 

0  028 

0*028 

(rf)  Nickel        „               

NiO   =88-6 

0-041 

1    0-042 

0-042 

These  are  silicates  obtained  by  pre- 

cipitation. 

In  all  the  foregoing  ca^^e8,  the  figures  show  that  the  reduction  in 
question  has  been  complete,  or  practically  so.  With  the  natural  silicates, 
however,  this  is  not  the  case,  and  as  regards  their  deportment  towards 
hydrogen,  they  may  be  divided  into  two  or  three  distinct  classes  of 
compounds.  Although  the  greater  number  of  the  natural  silicates 
80  far  examined  exhibit  complete  reduction  under  the  conditions  of  the 
experiment  described,  yet  in  a  few  cases  the  reaction  is  only  partial, 
i^ud  in  others  there  is  Qo  certain  Qvidenc^  of  any  reduction  whatever, 
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Table  C. 
ifatwral  SUicaUs  containing  Rodueihl%  OmitUt. 


0*5  gnm  of  »ilicat«  he«t«d  to  redn«n  in  %  carrent  of  hydrogen. 


SUicato. 


(a)  OmnmUUly  rtimckt, 
UeaiifM: — 

(1)  DioptsM  

(2)  Chrysocolla 

(S)  Garnierite 
(4)  Connarite.. 


(5)  Cbloropal 

(6)  GUnoonite 

(7)  Cronttodtit 

(8)  Thnringite 
(6)  Partiallp 

(1)  Ilr&ite 


i    ^             I   OzTgen  eliminfttod. 
P--"t^    co^^^n"d -^- 

^x?d!^:  I  "^'^"^  \  ^-^  ""Sir* 

^a  cite       •  "^""^^^      '^"'  '^         wTSr 
"»-^-  oxide.      I  of  weight.      ,-^ 


CnO   : 

CUO     : 

Fe,0,: 

NiO     : 

NiO   = 
FeO*  = 


50-0 
45-0 

8-6 
29-6 
23 

2 
16-4 
18-9  1^ 

65-2  \ 
20-4  / 
46*4  ! 


M 


Ormm. 
0050 

0-050 

0-032 

0-029 

0-026 

0-023 

0105 
0  051 


0  064 


(2)  StilpnomeUne.. 

(3)  Hypenthene    

(«)  lioi    thawing   definite 

Hon: — 

(1)  Stoarolite 

(2)  Aointe   

(3)  Epidoto    


Fe50,  =  12-5   \ 
FeO    =41-2   / 
FeO»  =  81-2        0-085 
FeO*  =  17-«|     0020 


rtdue- 


..  FeO»  =  10-2'  0-011 
.  Fe,0,=  5-2  0-008 
..  Fe,0,=14-8i     0-OSS 


Ctrem. 
0  047 

0-046 

0  033 

0-080 

0-024 

0  021 

0-106 
0*048 

0-053 

0  028 
0  005 


Grmro. 
0-050 

0049 

0-086 

0-027 

0-107 
0O48 

0-057 

0-025 
0*006 


ToUl  iron  calculated  aa  FeO.     A  little  Fe^O,  waa  preaent. 


Id  the  experiments  with  auf^ite  and  epidote,  the  loss  of  weighty 
which  might  have  been  dae  to  reduction,  was  less  than  a  milligram. 
The  sUturolite  specimen  showed  a  somewhat  greater  loss,  but  the 
residue  after  treatment  did  not  differ  perceptibly  from  the  original 
powder. 

From  the  foregoing  ei)>eriment8,  it  is  obvious  that  a  part  of  the 
oxygen  in  the  silicate  differs  fundamentally  from  the  remainder,  and 
it  seems  certain  that  this  portion  is  directlj  connected  with  the  metal. 
For  instance,  one  atom  of  oxygen  is  removed  from  the  rilicate 
PbSiO,   by   the  method   indicated,  whilst  2,  6,   and    17   atoms  are 
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withdrawn  from  the  compounds  PbgSigO^,  Na^Pb^Sij^Ogg,  and 
^40^*^6^"ir^'2r^94  respectively.  The  conclusion  appears  inevitable 
that  the  oxygen  removed  was  directly  connected  in  the  silicate  with 
the  metal  which  forms  a  reducible  oxide. 

No  doubt  it  is  a  priori  probable  that  the  metal  in  any  silicate 
is  attached  to  oxygen  in  the  silicate  molecule.  But  the  foregoing 
observation  seems  worthy  of  being  recorded,  because  it  removes  the 
matter  from  the  region  of  probability  to  that  of  experimental  demon- 
stration— at  least  so  far  as  the  compounds  under  examination  are 
concerned. 

As  regards  those  metals  which  do  not  form  oxides  reducible  under 
the  given  ccTnditions,  the  evidence  bearing  on  the  mode  of  attach- 
ment of  the  metal  in  the  silicate  is  naturally  less  direct.  A  few  con- 
siderations may,  however,  be  adduced  which  tend  to  show  that  any 
deductions  drawn  from  [the  behaviour  of  the  silicates  of  lead,  copper, 
iron,  &c.,  will  probably  apply  to  the  silicates  of  the  other  metals  also, 
in  so  far  as  the  arrangement  of  the  atoms  in  the  silicate  molecule 
is  concerned. 

If  it  were  practicable  to  choose  such  a  temperature  and  reducing 
agent  as  would  avoid  the  simultaneous  production  of  silicide,  a  silicate 
like  calcium  metasilicate,  CaSiOg,  would  no  doubt  be  reduced  to 
CaSiOg  precisely  as  is  the  case  with  the  corresponding  lead  and  copper 
compounds.  The  arguments  deduced  from  these  latter  compounds 
would  then  apply  equally  to  the  calcium  silicate. 

In  many  crystalline  silicates,  metals  forming  oxides  of  the  samn 
type  replace  one  another  isomorphously.  Alumina,  for  instance, 
replaces  ferric  oxide  in  tourmaline,  garnet,  augite,  &c.,  and  magnesium 
oxide  is  interchangeable  with  ferrous  oxide  in  the  group  of  ferro- 
magnesian  silicates.  Hence  the  interchangeable  metals  most  probably 
occupy  the  same  positions  in  the  silicate  molecule.  Consequently,  any 
conclusion  regarding  structure  drawn  from  the  behaviour  of  the  iron 
oxides  in  these  silicates  may,  in  default  of  evidence  to  the  contrary, 
be  presumed  to  hold  for  the  aluminium  and  magnesium  oxides  which 
replace  the  oxides  of  iron. 

On  the  whole,  therefore,  although  the  evidence  does  not  amount  to 
deBnite*  proof,  it  tends  to  show  that,  as  regards  the  mode  of  attach- 
ment, there  is  no  fundamental  difference  between  the  metals  which 
form  easily  reducible  oxides  and  those  which  do  not. 

A  first  approximation  to  a  structural  formulation  of  the  silicates  in 
question  may  now  be  made.  In  the  case  of  the  silicates  of  lead, 
copper,  cobalt,  <fec.,  it  is  certainly  justifiable  to  express  the  relation 
between  removable  oxygen  and  metal  by  writing  the  formula  as  an 
aggregate  of  molecular  groups,  for  example,  2PbO,3SiO|,  rather  than 
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n  Um  «*  lalt '*  form,  Pb,8^0||.  In  th«  OMe  of  the  otbar  MlicatMs  it 
IS  for  Um  r«Moos  given,  at  least  probable  ibat  tbe  eanie  reUiiontbip 
hold*.  OoMeqaentI/  one  would,  for  inelanee,  be  JoeliSed  in  writing 
PbO.CaO.Al,0,,68iO,  instead  of  PbOaAl^Oj,,  and  tbii  not  menlj 
on  the  ground  of  orderly  arrangement,  but  ae  an  ezpreeeioo  of 
the  fact  that  the  groups  exist  as  such  within  the  silicate  molecule. 

Tbe  ordinarj  formula  for  the  two  simplo  lead  silicstes  PbSiO, 
rm«tasilicate^  and  PbSLO.  (metadiHilicate^  are  : 

.^  uiii:Si-0\ 

0»:Si<C^Pb         and         0'<  >Pb, 

he  oxygen  atoms  being  numbered  for  convenience  of  reference. 

Then  the  removable  oxygen  atom  is  not  one  of  those  marked 
0\  O*  or  O*,  because  (i)  it  has  already  been  shown  that  the  mobile 
oxygen  must  be  attached  to  the  lead,  and  (ii)  if  it  were  O^  O*  or  CP, 
there  is  no  reason,  since  these  are  not  connected  with  the  metal,  why 
an  oxygen  atom  should  not  be  removed  when  calcium  or  magnesium  is 
present  instead  of  lead. 

The  removable  oxygen  atom  is  therefore  either  O'  or  O*.  But  these 
are  similarly  situated  in  the  formulae,  and  should  therefore  be  removed 
by  hydrogen  with  equal  facility.  These  formulas,  therefore,  do  not  satis- 
factorily explain  the  removal  of  only  one  atom  of  oxygen  when  the 
silicates  are  reduced  by  hydrogen. 

There  are,  in  fact,  two  conditions  which  an  acceptable  formula  must 
satisfy : 

(i)  It  must  show  at  least  one  atom  of  oxygen  (the  removable  one) 
attached  to  each  atom  of  lead. 

(ii)  It  must  show  that  this  atom  of  oxygen  differs  in  some  way 
from  any  other  atom  of  oxygen  that  may  be  attached  to  the  same 
atom  of  lead. 

A  further  condition  may  be  mentioned  as  desirable  on  general 
grounds,  although  it  is  not  strictly  required  in  the  case  of  the  simple 
lead  silicates  taken  as  examples.  The  formula  should,  as  far  as 
possible,  be  of  general  applicability  as  regards  its  fundamental  stmo- 
ture,  and  particularly  in  regard  to  the  occurrence  of  univalent  metals 
in  the  complex  silicates.  This  last  point  is  of  some  importance  in  the 
study  of  silicate  structure,  because  a  univalent  metal,  of  course, 
cannot  act  as  a  connecting  medium  between  two  parts  of  the  silicate 
molecule. 

Application  to  the' Simpler  Lead  SilicaUi,  The  MeUmlieaU,  PbSiO,. — 
To  satisfy  condition  (i),  the  formula  should  be  written  as  PbOISiO^  or 
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more  generally  as  (PbOISi02)n»  since  the  molecular  weight  is  not 
known. 

As  regards  condition  (ii),  the  removable  oxygen  atom,  now  indicated 
as  O^,  must  be  considered.  Since  the  molecule  contains  only  atoms 
of  oxygen,  silicon,  and  lead,  it  follows  that  0^  besides  being  attached 
to  its  own  lead  atom,  must  either  be  connected  with  another  lead 
atom,  or  with  silicon,  or  with  another  oxygen  atom. 

But  0*  cannot  be  connected  with  a  second  lead  atom,  for  there  is 
no  way  of  arranging  the  group  Pb'nOn  so  that  all  the  oxygen  valencies 
shall  be  satisfied  by  lead  atoms,  and  still  allow  of  the  complex  being 
connected  to  the  rest  of  the  silicate  molecule.  Nor  is  it  probable 
that  the  atom  0^  is  attached  to  silicon,  since  oxygen  so  combined  is 
not  very  easily  removed  by  hydrogen.  If  it  be  urged  that  such  a 
removal  might  take  place  by  reason  of  the  influence  of  the  lead  atom, 
this  is  equally  an  argument  against  the  usually  accepted  formula,  for 
there  is  then  no  reason  why  both  the  oxygen  atoms  attached  to  lead 

should  not  be  removed  from  the  compound  OISi<!X>Pb. 

Hence,  most  probably,  0^  is  attached  to  another  oxygen  atom. 

The  lead  atom  attached  to  O*  is  not  likely  to  be  connected  with 
another  lead  atom,  because  this  is  only  possible  in  the  special  case 
where  there  are  two  lead  atoms  in  the  silicate  molecule,  or  an  even 
number  arranged  in  groups  of  two.  Where  there  are  three  or  more 
lead  atoms  connected  with  one  another,  only  the  end  atoms  can  be 
attached  also  to  the  corresponding  0*  :' 

-0^-Pb-Pb-Pb-O^-; 
whereas  it  has  already  been  shown  that  each  atom  of  lead  must  be 
attached  to  an  atom  of  oxygen. 

Moreover,  it  may  be  urged  against  this  type  of  structure  that  it 
excludes  univalent  metals  altogether,  and  is,  therefore,  not  of  general 
applicability.  Nor  does  it  seem  probable  that  the  lead  atom  is 
directly  attached  to  silicon.  The  silicate  is  produced  by  the  fusion  of 
lead  monoxide  and  silica,  and  this — considering  the  known  affinity  of 
silicon  for  oxygen — appears  to  preclude  altogether  any  likelihood  of 
the  lead  and  silicon  atoms  being  in  direct  connection.  Indeed,  no 
formulations  of  silicates  are  ever  made  in  which  the  metal  is  indicated 
as  being  directly  attached  to  the  silicon  atom. 

Hence  the  most  probable  conclusion  appears  to  be  that  the  lead 
atom,  as  well  as  the  0*  atom,  is  attached  to  a  second  oxygen  atom. 

But,  if  this  be  so,  the  only  way  of  writing  (PbOISiO,).  to  express 

the  fact  is  (>Si<     i    )  .     Taking  n  for  convenience  as  equal  to  3 
the  structural  formula  of  lead  metasilioate  would  then  be  as  follows  : 
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Pb 


It  thoold  be  noted  that  whilst  this  formnia  satisfief  condition  (ti) 
(p.  1455),  this  oonditioD  has  not  been  used  in  establishing  the  formoU. 

DitiliaUm  tmd  ISrmiieates.—ThB  hypothetical  acid,  H^i,0^,  cor- 
responding with  the  second  anhydride  of  disilicic  acid,  H^^ifij,  is 
nsuallT  formalated  in  three  ways,  the  lead  salts  being : 

o:si-o  xy(K\ 

O     \Pb;        0:Si<^Si<^Pb;        and        0-Si^O^i-O. 

Olk'O 

As  regards  the  trisilicat^s,  the  hypothetical  acid,  H^Si^Og,  is  usually 
formulated  as  the  second  anhydride  of  ortho-trisilicic  acid  : 


o:si-OH  orsio , 

o  ,                                    o 

8i<^g ;  its  lead  salt  being,  therefore :     Si<^Pb     Ph. 

O  O                      I 

0»rOH  Oisi-O ' 


Erdmann  {Lehrbueh  der  Anorganisehen  Chemie,  p.  489),  formulates  th« 
add  thus : 

ig>Si<g>Si<«>Si<^H  ^ 

tlM  eorresponding  lead  silicate  being,  therefore  : 

Pb<^i<^Si<^Si<^Pb. 

Silicates  of  this  class  are  also  formulated  as  a  combination  of  one 
molecule  of   a  metamlicate  with  one   of  a  disilicate.    Thus,  Groth 

formulates  orthoclase  ss  0:Si<^Al'0*Si*0*Si*OK.     This  particular 

o   6 

formula,  since  it  requires  a  trivalent  atom  to  link  the  two  molecules 
together,  will  not  serve  in  the  case  of  the  lead  silicate.  A  slight 
modification,  however,  gives  the  configuration  which  follows : 
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0-Pb-O-Pb-O 

Si-0-Si-O-Si . 

II        II        II 

poo 

But  none  of  these  formulae  fulfils  the  condition  (ii)  of  p.  1455.  I*^ 
the  first  five  lead  compouDd^,  the  two  oxygen  atoms  attached  to  each 
atom  of  lead  are  shown  as  being  similarly  situated  in  the  molecule, 
and  should  therefore  be  removed  by  hydrogen  with  equal  facility.  In 
the  last  formula,  either  one  or  three  oxygen  atoms  should  be  removed, 
whereas  the  actual  number  withdrawn  is  two. 

The  argument  developed  for  the  metasilicates  is  general,  and 
applies,  it  will  be  seen,  equally  well  to  the  present  examples.  The 
lead  atoms  and  the  removable  oxygen  atoms  being  thus  found  to  be 
each  attached  to  a  second  oxygen  atom,  the  simplest  formulae  deduced 
are  as  follows : 

^0-Pb 
Si<^   I 

Lead  disilicate,  j|      q       ,  which,  doubled  to  avoid  the  suggestion 

Si<i 
^O 

SiOg 
of  double  linking,  gives :  PbOISiOa/^SiOalPbO  . 

SiOj 

Lead  trisilicate  (polysilicate) : 

/O-Pb 

rSi<     I 
-  o-o 


Si<i 
^O 


,  /O-Pb 
Si<      I 

The  conclusion  to  which  the  foregoing  argument  leads  is  also  deduced 
by  a  somewhat  different  line  of  reasoning. 

The  molecular  weight  of  lead  metasilicate  is  unknown,  but  the 
actual  molecular  formula  is  probably  a  multiple,  and  perhaps  a  high 
multiple,  of  the  empirical  one.  Silica,  on  account  of  its  difficult 
volatility,  is  generally  supposed  to  possess  a  highly  complex  molecule. 
If  this  is  so,  the  silicate  obtained  from  it  by  fusion  with  a  limited 
quantity  of  lead  oxide  can  hardly  be  represented  by  the  simple 
empirical  formula.  In  any  case,  the  silicate  PbjSijOg  must  contain  at 
least  three  silicon  atoms  in  the  molecule,  and  it  will  suffice  for  present 
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purpoMt  to  treble  Um  MDirfrioal  formuU  of  tho  meUiilicaU  to  compart 
withlhk 

HiUMiiOi  bj  sUrtiog  with  a  oontideratioD  of  the  relationship 
existing  between  the  atoms  in  the  groups  PbO  and  SiO,,  the  following 
ooiieliisioot  have  been  deduced  :  (1)  that  the  most  probable  formuU  is 
b«Ui  up  with  a  chain  of  silioon  atoms,  and  (2)  that  it  is  therefora 
■oan  mdltiple  of  the  empirical  formula. 

OooTweelj,  by  starting  with  a  multipled  formuU,  and  considering 
how  the  members  of  the  multipled  formula  are  joined  together,  one  is 
led  lo  IIm  same  grouping  of  the  atoms  in  each  member,  and  to  the 
SUM  ■tmetiiral  formula,  as  already  obtained  by  the  first  method. 

Taking  n » 3  *  for  convenience  of  discussion,  the  first  of  the  two 
fundamental  conditions  is  satisfied  by  writing  (PbSiO,).  in  the  form 
(PbOISiO,),.  The  next  step  is  to  ascertain  bow  the  three  members  of 
this  formula  are  joined  together. 

In  this  particular  case,  the  basic  oxide  might  conceivably  act  as  the 
conneeiing  group  :  -PbK)-.  But  the  double  and  complex  silicates 
may  contain  alkali  metals,  and  the  oxides  of  these  metab  could  not 
act  as  connecting  groups.  Hence,  if  the  formula  is  to  be  based  on 
principles  of  general  applicability,  the  silica  groups  must  be  the 
connecting  links.     So  far,  then,  one  obtains  the  representation  : 

(PbO):(Si02) 

{PbO):(Sio^  . 

(PbO):(SiO,) 

The  question  then  arises  whether  the  silica  groups  are  joined  by 
means  of  their  oxygen  or  their  silicon  atoms. 

If  the  structure  is  to  be  a  general  one,  the  connection  cannot  be  by 

two  oxygen  atoms,  thus  :  ~^Si<^Si<^Si<^.     For  (i)    this 

would  exclude  any  such  formula  as  3Na20,4Si02— that  is,  any  formula 
which  contains  more  than  two  M'^O  groups  in  the  molecule.  And  (ii), 
since  for  the  reasons  previously  given  it  is  unlikely  that  the  metal  is 
directly  attached  to  silicon,  the  structure  of  the  lead  silicate  corre* 
sponding  with  the  above  linking  must  be : 

Pb<^i<:^si<g>si<^:p^, 

and  this  does  not  fulfil  condition  (ii). 

Moreover  the  linking  is  probably  not  effected  by  tin^U  oxygen  atoms. 

*  It  will  be  teen  that  the  argameiit  does  not  depend  on  this  arbitnry  choic«» 
Any  higher  valne  of  n  conld  be  adopted. 
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For  the  only  type  of  formula  which  can  be  constructed  to  satisfy  con- 
ditions (i)  and  (ii)  is  one  in  which  the  lead  is  attached  to  silicon : 


0-SiO 

i    I     . 


0 

I 

Pb 


Si<i 
I    I    Tb 

^^    ^ 

I       I     yO 


/ 


0-Si<. 


Pb 

Hence  the  oxygen  is  probably  not  the  connecting  atom.  If  it  is  not, 
the  silicon  must  furnish  the  linking.  This  being  the  case,  it  will  be 
found  that  the  choice  lies  between  the  two  following  formulsB  : 


'O 


O.Si<^0 

O  Si<2>0  ^^^ 

0-fei<^>0 


Si<      I 

I   o-o 

Si<^    I 

0-0 

/0-Pb 


Pb^^  ^si<:     I 

^^  ^o-o 

The  first  of  these  formulae  being  rejected  on  account  of  the  improba- 
bility of  the  direct  connection  between  the  lead  and  silicon  atoms, 
there  remains  only  the  last  formula,  which  is  identical  with  that 
previously  deduced  for  lead  metasilicate. 

Reviewing  now  all  those  formulse  which  have  been  accepted  in  this 
communication  as  most  satisfactorily  accounting  for  the  removal  of 
oxygen,  it  will  be  seen  that  these  present  the  following  features : 

(i)  The  silicon  atoms  are  in  direct  combination  with  each  other,  and 
are  not  joined  by  means  of  oxygen. 

(ii)  To  the  chain  of  Sin  atoms  thus  formed,  the  oxygen  corresponding 
with  (Si02)n  is  attached,  giving  the  mode  of  grouping  denoted  by  : 


(iii)  The  oxygen  valencies  here  shown  unappropriated  are  those  by 
which  the  basic  oxides,  PbO,  CuO,  ^,  are  attached  to  the  silicate 
molecule. 

Hence,  if  these  features  hold  generally,  the  conception  of  silicate 
structure  to  which  they  lead  is  that  of  a  obain,  closed  or  open,  of  the 
following  type  : 


I    O-R 
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0«R  ,0 

I  ^0-R 

I    O-O  I  ^O-O 

I    O-R  I    O 

0-C)  ^U 

The  (WO  silicon  valencies  here  nhown  as  free  would  presamably  be 
Qiiited,  the  silicate  thus  forming  a  dosed  chain  or  ring.     For  example, 
'ie  pyroxene  sahlite,  CaO.MgO^FeO^SSiO,,  might  be  formulated  as  : 

«    0-Fe 

8«\^    I 


o-o 


'     >Si «..^^- 


In  acme  cases,  the  two  silicon  valencies  maj  possibly  be  connected  by 
another  molecular  group,  such  as  AIjOj,  for  instance,  again  giving  a 
ring :  the  AI^O,  would  presumably  in  such  cases  perform  the  function 
of  an  acid  group. 

The  formula  of  anhydrous  scolecite,  CaO^AIjOySSiO^  may  be  given 
as  an  illustration : 

A.1'0        ,0-Ca 


0<|  Si 


o 

although,  in  the  absence  of  any  knowledge  of  the  function  actually 
performed  by  the  aluminium  oxide,  the  formula  might  equally  well  be 
one  in  which  this  oxide  acts  as  a  base : 

O 


^<(i 


Ca-Ov    /        \    .0-0-AI 
1      >Si Si(  1 


Lastly,  the  two  valencies  in  question  might  conceivably  be  satisfied 
by  any  univalent  atoms  oc  groups,  without  giving  rise  to  a  ring. 

The  structure  thus  deduced  differs  from  that  osoally  accepted  for 
silicates,  wherein  the  connection  between  the  silicon  atoms  is  always 
assumed  to  be  made  by  means  of  oxygen.  But  for  this  latter  view, 
there  seems  to  be  little  or  no  direct  experimental  evidence.  It  would 
appear  to  have  been  adopted  partly  from  a  coniidaration  of  the  known 
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affinity  of  silicon  for  oxygen,  and  partly  from  the  practice  of  regarding 
the  silicates  as  salts  of  hypothetical  acids,  which  latter  can  be  regarded 
in  turn  as  derivable  from  orthosilicic  acid  by  the  combination  of  two 
or  more  molecules  of  acid  with  the  loss  of  one  or  more  molecules 
of  water.  But  the  process,  however  plausible,  is  mainly  a  theoretical 
one.  Definite  hydrates  of  silica  are  difficult  to  prepare,  and  practi- 
cally nothing  is  known  about  their  constitution.  The  arguments  are 
usually  based  on,  or  supported  by,  the  analogy  with  carbon  compounds  ; 
but  a  chain  or  ring  of  silicon  atoms  would  be  equally  analogous  with 
the  structure  shown  by  carbon  derivatives. 

It  will  be  noticed  that  the  foregoing  discussion  has  had  reference 
to  the  lead  metasilicate,  polysilicate,  and  disilicate  only,  and  has  not 
included  the  orthosilicate.  As  regards  the  last,  it  would  appear  at 
first  sight  that  the  question  of  structure  could  hardly  arise.  Almost 
beyond  question,  ethyl  orthosilicate  must  have  the  structure 

EtCK^Q.^OEt 
EtO^^^^OEt  ' 

and  so  also  must  the  orthosilicates  of  the  univalent  metals.  In  the 
latter  case,  indeed,  there  is  no  alternative ;  and  it  would  then  seem 
most  probable  that,  with  the  bivalent  and  polyvalent  metals,  the  same 
type   of  structure  occurs,  giving,  for  instance,  the  accepted  formula 

I*b<Q)^Si<CQ^Pb  as  that  of  lead  orthosilicate. 

But,  besides  the  fact  that  reduction  with  hydrogen  removes  only 
two  of  the  four  symmetrical  oxygen  atoms,  there  is  another  experi- 
mental result  which  is  difficult  to  correlate  with  this  formulation. 
Lead  orthosilicate  differs  fiom  lead  metasilicate,  polysilicate,  and  disili- 
cate in  this  respect,  that  it  leaves  on  reduction  a  considerable  propor- 
tion (although  not  the  whole)  of  its  lead  in  the  metallic  state.  Now,  if 
the  ordinary  formulae  of  these  salts  are  accepted,  they  show  nothing  to 
account  for  this  difference  of  behaviour  : 

o:si<^Pb  Pb<^si<^Pb 

Motaailicate.  Orthosilicate. 

A  reason  for  the  different  deportment  is,  however,  suggeeted  at  once 
when  the  compounds  are  formulated  on  the  system  indicated  above* 
In  this  case,  the  structure  of  the  orthosilicate  would  be  as  follows 
(only  one  PbjSiO^  group  being  figured) : 

(  ^K^-^"-?  ) 

\     I  ^0-0-Pb  /n  • 
Here  the  terminal  lead  atom  differs  from  the  other,  and  from  the  lead 
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of  Um  mdUtilicaU,  poljtilicaU,  aod  dUilioaU,  in  noi  btiag  dirteUj 
aUach«d  to  the  SiO,  group.  It  it  pottible  that  thb  Atom  it  on  this 
acooont  remoTed  from  the  roduoed  ailtoato  rMidu*  when  Um  ooanpoiiiMl 
is  iMAtod  in  hjdrogen. 

TIm  qoMtion  now  ariaat,  can  the  yarioua  known  nilicatM  ba  formu- 
Utod  on  the  plan  indicated  ?    Most  of  them  certainly  can.     MoreoTer, 

ere  are 'certain  hitherto  obacure  poiuts  in  the  beha?iour  of  lilicatM 
whieh  appear  to  be  better  comprehended  and  more  readily  ezplioabU 
when  the  stlicates  are  represented  in  accordance  with  the  prindplea 
now  pat  forward. 

Thus,  it  is  as  a  rule  possible  to  include  in  the  formula  the  combined 
water,  for  which  in  the  ordinary  system  it  is  often  difficult  to  find  a 
satisfactory  place.     A  molecule  of  water  may  be  attached  to  one  of 

the  ^8i<Y  groups  thus  :  ^Si<^jj     ,  the  group  then  appearing  as  a 

silicic  hydroxide ;  or  it  may  be  attached  to  the  oxide  of  a  bivalent 
or  trivalent  metal,  the  group  in  this  case  appearing  as  the  hydroxide 
of  the  metal : 

^    /0-Mg-OH  ^     .0-0-Al-OH 

/%.0H  /^%.0.A1.0H  * 

>8iO»MgO,H,0.  >SiO„Al,0„H,0. 

The  different  degrees  of  tenacity  with  which  different  molecules  of 
water  are  often  held  in  the  same  silicate  may  be  very  well  explained 
on  the  assumption  that  the  different  molecules  of  water  are  combined 
with  diverse  kinds  of  oxides.  For  instance,  water  removed  at  a  rela- 
tively low  temperature  might  be  so  removed  because  it  was  combined 
with  ferric  oxide,  or  with  silica  itself;  that  not  removed  except 
at  high  temperatures  might  be  combined  with  lime,  magnesia,  or 
alumina. 

The  idea  that  alumina  may  replace  silica,  molecule  for  molecule,  in 
certain  classes  of  silicates  has  suggested  itself  from  time  to  time 
to  various  investigators.  On  the  present  theory,  if  such  a  replace* 
ment  occurred^  it  would  mean  that  the  alumina  enters  into  the  ring  or 
chain  forming  the  framework  of  the  silicate  molecule.  There  is  a 
certain  amount  of  evidence  which  tends  to  support  the  view  that  this 
does,  in  fact,  occur.  The  nature  of  this  testimony  may  be  illustrated 
by  reference  to  the  chlorite  group  of  silicates.  No  doubt  the  chlorites 
are  a  somewhat  ill-defined  class  of  minerals,  but  they  serve  very 
well  to  bring  out  the  point  in  question. 

According  to  Dana  {System  qf  Mineralogy,  p.  643),  the  chlorites 
yield  on  ignition  10  to  13  per  cent,  of  water,  and  in  all  cases  this  it 
probably  to  be  regarded  as  water  of  constitution.  Now,  it  will  be 
found  that  in  the  chlorites  the  number  of  molecolet  of  w^ter  it  ofieo 

.5  r  2 
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exactly  equal  to,  and  is  never  greater  than,  the  sum  of  the  molecules 
of  silica  and  alumina  (or  ferric  oxide) : 

Clinochlore 4H2O,    5(Mg,Fe)0,  lAlgOg.        3SiOj 

Prochlorite 20  „  23         „  7     „  13  „ 

Corundophyllite     10  „  11          „  4     „             6  „ 

Daphnite    28  „  27FeO  10     „  18  „ 

Cronstedtite  3  „  3  „  IFojOg          2  „ 

Thuringite  9  „  8  „  4(Al,Fe)2086  „ 

Strigovite 2  „  2  „  1         „         2  „ 

Diabantite 9  „  12(Mg,Fe)0  2AI2O3          9  „ 

Aphrosiderite    5  ,,  6         „  2     „              4  „ 

Delessite    5  „  4         „  2     „             4  „ 

Rumpfite   14  „  7MgO  8     „  10  „ 

This  suggests  that  the  maximum  number  of  molecules  of  combined 
water  is  conditioned  by  the  number  of  SiOg  and  AlgOg  groups.  By 
the  ordinary  method  of  formulation,  it  is  not  easy  to  see  why  this 
should  be  so;  in  fact,  it  is  difficult  in  this  way  to  construct  any 
formula  which  shall  include  the  whole  of  the  water  in  some  of  the 
above  cases.  But  on  the  system  now  suggested  the  number  of  mole- 
cules of  combined  water,  or,  more  generally,  of  the  oxides  of  any 
univalent  element,  depends  directly  on  the  number  of  acid  groups 
which  go  to  form  the  ring  or  chain.  It  cannot  be  greater  than  this 
number  if  a  ring  is  formed,  although  it  might  conceivably  be  one 
in  excess  if  the  chain  is  open  : 

,0-Ca-OH  ^^   ,  N)-OH 


Si 


But  if  this  be  so,  then,  when  the  number  of  molecules  of  combined 
water  is  greater  than  the  number  of  SiOjj  groups,  it  can  only  be 
because  groups  other  than  SiO^  enter  into  the  ring  or  chain.  Hence 
the  coincidence  of  the  numbers  of  water  molecules  with  the  sum  of  the 
SiOj  and  Al^Oj  groups  in  the  foregoing  cases  indicates  that  the  Al^O,  in 
these  chlorites  enters  into  the  ring,  and  to  this  extent  performs  the 
same  functions  as  the  SiO^  groups. 

As  an  illustration  we  may  take  the  mineral  daphnite,  the  empirical 
formula  of  which  is  given  by  Dana  as  H^Fe^TAl^^ij^Oiji.  This 
corresponds  with  28H2O,  27FeO,  10Al,O,,  18SiO^  and  would  be  con- 
cisely formulated  as  follows : 

H,o:Ai.o.<r'"'''°'^°^"  • 


i 
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The  other  chloriUt  oaa  h%  formuUted  in  a  limilar 


For  eooTtaoieoce,  the  foregoing  general  argument  hat  been  developed 
with  especial  relation  to  lead  silioatee.  It  applies,  however,  equally 
well,  mmkUis  muiandit^  to  all  eilicatee  wherein  the  baaio  element  is  a 
metal  which  forms  an  eaailj  reducible  oxide,  in  so  far  as  this  property 
is  retained  after  the  oxide  is  incorporated  in  the  silicate.  As  regards 
the  silioatee  of  other  metals,  some  reasons  have  already  been  addooed 
to  show  that  the  oxides  of  these  metals  are  probably  to  be  considered 
as  taking  the  same  positions  as  the  reducible  oxides  in  the  building  up 
of  tlie  tilieate  molecule.  Hence  it  is  poesible  that  the  foregoing  struc- 
ture may,  more  or  leu  generally,  hold  good  as  a  type  of  the  usual 
arrangement  of  atoms  in  silicates.     Whether  this  is  the  rule  or  the 

.eption  is  a  matter  for  future  experiment  to  decide.  There  may  be 
^reat  diversity  of  8tructure  with  the  silicates  as  with  carbon  com- 
pounds. And  that  some  diversity  does,  in  fact,  exii^t,  is  shown  by  the 
behaviour  of  those  silicates  which,  although  containing  iron,  are  not 
reduced  by  hydrogen  at  a  red  heat.  It  need  not,  however,  be  assumed 
that  thifi  refractory  deportment  is  incompatible  with  the  essential 
t>tnictiire  deduced  from  the  experiments  on  the  reducible  silicates.  It 
may  be  possible  to  formulate  such  refractory  silicates  on  the  general 
plan  in  question,  but  so  that  all  the  oxygen  of  the  Fe^O,  groups  is 
directly  connected  either  with  silicon  or  with  aluminium,  the  difficulty 
of  reduction  thus  becoming  explicable. 

t  >n  the  other  hand,  such  instances  as  these  may  point  to  an  essen- 
tially different  constitution  for  the  refractory  silicates.  There  does 
not  seem  to  be  any  immediate  prospect  of  definite  proof  in  this  and 
similar  problems  of  silicate  structure ;  but  in  any  case,  the  deductions 
drawn  from  the  simple  experiments  now  cited  may  furnish  at  least 
a  clue  to  the  elucidation  of  the  matter,  and  they  are  therefore 
offered  as  a  contribution  towards  the  study  of  the  question. 

Addendmm. — A  few  examples  are  added  to  illustrate  the  formula- 
tion of  various  dassee  of  silicates  after  the  manner  described  in  the 
foregoing  pages.  The  empirical  formule  are  taken  from  Dana's 
**  System  of  Minerslogy." 

It  will,  of  course,  be  understood  that  the  structural  forms  given 
are  not  to  be  regarded  as  proved  formule,  since  nothing  whatever 
is  known  about  the  positions  of  the  various  groups.  They  are  merely 
put  forward  to  show  that  it  is  poesible  to  represent  even  the  more 
complicated  silicates  on  thl*  principles  explained,  and  to  do  so  with 
comparative  simplicity.  In  the  present  state  of  our  knowledge, 
however,  a  certain  amount  of  assumption  is  unavoidable.  For 
example,  a  molecule  of  alumina  may  in  any  given  case  either  form 
part  of  the  silicate  nucleus  or  ring,  presumably   then   acting  as  an 
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acidic  group,  or  it  may  serve  to  join  two  nuclei,  and  thus  appear  as  an 
intermediate  or  neutral  ozide  ;  or,  again,  it  may  act  as  a  basic  oxide, 
in  which  case  it  may  be  connected  either  with  one  or  with  more  SiO, 
groups ; 

■Si<0-0-Al^ 


>Si<  I  >0  ; 

^  ^0-0-Ar    ' 


«'<;.o..'-/ 


0. 


•Al 


I.  Disilicatea  and  Folysilicates. 

Petalite  Group. 

Fetalite,  LiAl(Si205)2,  on  doubling  -  Li20,Al20j,8Si02 : 


Si 


0-OLi 


i>Si 

o 
o 

o.  . 

i>Si 
^     \ 


OLi 


Si^ 


o 


or 


(Sio,):(Li,0) 

(SSiO^)  (3SiOj) 

(SiO,):{AiA: 


or 


pSiOjILijO 

(SiO,)« 
LSiO^rAljO, 


Si<? 

I/O 

Si<i 

\^0-0-AL 

Si<  I  >0 

After  one  or  two   illustrative   examples  the   shorter   methods   of 
writing  the  formulae  will  be  used. 


Fehpar  Group, 
Albite,  NaAlSijOg  or  Na^O, AljOj^SiO, : 

/0-ONa 
SNa 


"    1 


/ 


8i<? 
^O 

Si<? 

o 


/ 


„./0-0-Ak 

Si<  I  >( 

^0-0- Ar 


or 


(SiO,):(Na,0) 
(2SiO^  (2SiO^ 
(SiO,):(AI,0,) 
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AnoHkii^  Otkk\fiifi^  or  CkO,Al,0,,38IO, 

Tht  aUiiettinU  formuU  of  ihit  omj  b«  wriiUn  to  AgrM  with  the 
enpirioal  odo,  m  : 

O-O'^  X)0-Al 

or  it  maj  be  trebled  to  compare  with  albiu  and  orthodam  : 

SiO,:CaO 

AI,0,:8iO,    SiO,:AI,03 
CaOrSiO,    SiO,:CaO 

\/ 

IT.  MelaailioaUt, 

IauciU^  KA)(SiO,)2t  or  jEnigmatiUf 

K,0,Al,Oy4SiO, :  2Na,0,9FeO,AlFeO,,l2(Si,Ti)0, : 

/\«  r(TiO,:Na,0), 

K,0:SiO,     SiO,:Al,Oj  (SiO,:AlFeO,)  . 

X  4siO,:FeO), 

Orthosilicates. 

X^pheltle,  K^NajAlgSijO,^,  or  Sodalite,  Na,(AlCI)Al,(SiO,),. 

K,0,3Ne,0,4Al,0,.9SiO,  ;  or  4Na,0,2AI,Ojp  Al,0,CI,.68iO,  : 

./0-0-Aia 

SiO, 

S<uie  Orlho$ilioaU$. 

DatolUe,  HCaBSiO».   -  Ca(BOH)SiO«  (Groth), 
or  ^,0,2C»0,B,0^28iO, : 

0*0H 
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ZoUite,  Ca2(Al-OH)Al2(Si04).,,4CaO,3Al203,6Si02,H20 : 
Al203:Si02     (Si02:CaO)3        ,  or  perhaps    UftlAlfi.i^     \    J*    • 

\si02:Ai203:caO  (s^o^.ai^), 

SubsilicaUs. 

Tourmaline. — Penfield  and  Foote's  formula  {Anier.Cliem,  J,f  1899, [iv], 
7,  118),  when  doubled,  gives :  9(Mg,Ca,  &c.)0,3Al203,2B203,2H20,8Si02 ; 
the  last  four  terms  being  common  to  all  varieties  of  tourmaline, 
and  AI2O3  replacing  a  portion  of  the  RO  groups  isomorphously  in 
some  specimens. 

The  following  are  alternative  structures  : 

/(Sio,:H,o)2 

(m:k.\ox  (BA),    .  •  (i),(ao:AiA)<^t^'-^^*'»-"»°)' .  •  (2) 
^"■\(sio,:RO).  ^sio,:RO). 

and 

SiO.IALOoIRO 

/\ 
ROISiOg  SiO  *R0 

H2o:B208:Ai203:si02  Si02:ai20.,:b208:h20 (3) 

(RO)2:si02  sio2:(RO)2 

Si02:(RO)2 

Zeolites, 

PhillipsUe,  (K2,Oa)Al2Si40i2,4iH20,  or 

2(K2,Ca)0,2Al203,8Si02,9H20  : 
(Si02:H20)7 

^io-.clomfi  /Sio.:A..o.:H,o 

Ain-irn       '     or  perhaps     (Si02:H20)<      SiO,:CaO:HjO  +  2H,0 
AljO^-KjO  ^     * 

AnalciU,  NaAl(Si08)2,HjO,  or  2H,0,Na,0,Al,08,4SiO,  ; 
SiO,:Al,Oa  ySiO,:Al,0,:H,0 


(SiO,:H,0)j,        or        SiO,    SiOjIHjO 
^0,:Na,0  ^SiO,:Na,0 
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Mu4coviu,  U,KAl,(8iO^),.  or  2H,0,K,0.3AI,0,.68iO,: 

(Sio,:H,0), 

8iO,:K,0 
(8iO,:Al,0,), 

Serfientine  and  Tale  Group. 

SmrperUim,  H^Mg,SijOg,  or   2H,0,3MgO,2SiO^ 

CUrke  and  Schneider  write  the  formula  ah  H^(}Ag'OH)Mg^(SiO^)f, 
liecanse  a  portion  of  the  magnesium  is  converted  into  chloride  when  the 
silicate  is  heated  in  hydrogen  chloride.  In  the  following  formula,  the 
underliDed  MgOH  group  differs  from  the  other  two  in  its  mode  of 
attachment,  and  this  may  be  the  group  removed  by  the  action  of 
hydrogen  chloride. 

^Si^O-Mg-OU 

f  I  N)-o-MrOH 

N)-OH 


Kaolin  Group. 
KaoliniU,  H.Al^ijO^,  or  2HjO,Al,0,,2SiO,  : 

8io,:AJ,o,:H,o  sio,:H,o 

8iO,:H,0  ^  •  8iO,:H,0 

In  conclusion,  the  author  deairea  to  acknowledge  his  indebtedness 
to  Dr.  T.  E.  Thorpe,  C.B.,  F.R.S.,  for  permiwion  to  utilise  experimenUl 
results  obtained  in  the  Government  LAboratory. 

GOTXBXMEKT  LaBOUATuUY, 
L05D02r. 
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CXLII. — A   Dynamical   Study    of  the    Friedel- Crafts 

Reaction. 

By  Bertram  D.  Steele,  D.Sc. 

Since  the  discovery,  in  1871,  by  Friedel  and  Crafts  of  the  well-known 
synthesis  which  bears  their  name,  many  attempts  have  been  made  to 
explain  the  influence  of  the  aluminium  chloride.  The  discoverers,  in 
their  early  papers,  explained  the  reaction  between  benzene  and  an 
alkyl  chloride  by  assuming  that  an  intermediate  compound  was 
alternately  produced  and  decomposed,  as  is  shown  in  the  following 
equations : 

(1)  AI,C1,  +  C„H„  =  A1,C1,-C,H5  +  HC1. 

(2)  AljClj-CeHj  +  C^HjCl  =  Al^Cl.  +  C.H^-CjH,. 

No  conclusive  proof  of  the  existence  of  the  intermediate  com- 
pound was  advanced,  and  although  certain  experiments  carried  out  in 
the  course  of  the  present  research  seem  to  indicate  its  formation  in 
small  quantity,  the  evidence  is  scanty  and  inconclusive,  and  some  more 
satisfactory  explanation  of  the  mechanism  of  the  reaction  is  needed.  One 
point  in  which  the  aluminium  chloride  seems,  in  these  reactions,  to  differ 
fundamentally  from  the  so-called  catalysts  is  that  a  small  quantity 
is  not  sufficient  to  induce  reaction  between  large  quantities  of  re- 
agents ;  and  this  difference  in  behaviour  has  not  yet  been  satisfactorily 
explained. 

The  preparation  of  a  ketone  from  a  hydrocarbon'and  an  acid  chloride 
is  the  only  one  of  the  numerous  types  of  reaction  brought  about 
under  the  influence  of  aluminium  chloride  that  is  at  all  clearly 
understood. 

Perrier  {Bm\,  1900,  33,  815)  and  Boeseken  (R«o.  trav.  chxm.,  1900, 
19,  19  ;  ibid.f  1901,  20,  102)  have  brought  forward  the  view  that  such 
reactions  take  place  according  to  the  following  scheme. 

(1)  2RCOCl  +  AljCl6  =  (RCOCl)j,Al,CV 

(2)  (RCOCl)^, Al jCIe  -I-  2R'H  =  (RCOR')j,  AljCl^  +  2HC1. 

(3)  (RCOR')j, AljCIg  +  a:H,0  -  2RC0R'  +  AljCl^  +  a;H,0. 

They  have  isolated  crystalline  compounds  of  aluminium  chloride  with 
the  acid  chloride,  and  with  the  ketone.  Kronberg  {J,  pr,  Chem.^  1900, 
ii,  61,  494)  attempts  to  assign  constitutional  formulse  to  these  com- 
pounds in  order  to  explain  their  reactions,  and  Kohler  {AtMr.Chem,  /., 
1900,  24,  385)  has  determined  the  molecular  weights  in  solution  of 
the  analogous  aluminium  bromide  compounds,  and  finds  that  they 
correspond  with  the  foregoing  formulie. 
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Oib«r  inTetU|{atort  have  recorded  the  exUtenoe  of  Teriooe 
poandeof  aluminium  chloride  with  different  organic  lobetaneee ;  tho*, 
OusUTfton  {CUm,  Ctnir,,  1883,  14,  344)  refers  to  the  oonpoimds  of 
aluminium  bromide  with  bemene  and  toluene.  Combee  (Campi,  rtmd.f 
1886,  103,  814)  deecribee  a  compound  of  aluminium  chloride  and 
acetyl  .chloride  having  the  formula  AI,C1q(CU,*C0C1)«,  and 
Konowaloff  and  Plotnikeff  {J,  Rum.  Phyt,  Chsm,  Soe.,  1899,  81,  1020; 
Abetr.,  1900,  i,  323)  describe  a  whole  series  of  such  compounds. 

In  the  case  of  ferric  chloride,  Nencki  (Ber.,  1899,  32,  2414)  has 
described  a  somewhat  complicated  compound,  which  appears  to  contain 
ferric  chloride,  acid  chloride,  and  ketone  ;  and  Gurewitch  {J.  Jiut§. 
Pky».  Chem,  Soe,t  1902, 34,  625)  explains  the  synthesis  of  keto-phenols 
by  a  series  of  reactions  depending  on  the  formation  of  intermediate 
oottpoands  oontaining  ferric  chloride. 

For  the  synthesis  of  hydrocarbons,  no  satisfactory  explanation  has 
been  hitherto  advanced. 

If  the  ketone  synthesis  is  conditioned  by  the  occurrence  of  inter- 
mediate compounds  which  can  be  easily  isolated,  the  fact  that  the 
isolation  of  similar  compounds  in  other  cases  is  difficult  or  impossible 
is  no  evidence  of  their  non-existence,  and  it  is  probable  that  the 
formation  of  such  compounds  is  a  necessary  condition  of  the  Friedel* 
Crafts  reaction. 

Aluminium  chloride  as  a  condensing  agent  usually  behaves  in  sneli 
a  way  that  there  is  a  definite  relationship  between  the  amount  of 
substance  formed  and  the  amount  of  chloride  used.  In  some  in- 
stances, a  large  quantity  of  the  latter  is  required  to  bring  about 
condensation,  and  in  others  the  quantity  is  so  small  that  the  re> 
action  partakes  of  the  nature  of  catalysis,  and  the  latter  condition 
seems  to  obtain  more  generally  when  ferric  chloride  is  employed. 

This  apparently  fundamental  difference  of  behaviour  is  probably 
dependent  on  and  explained  by  the  formation,  or  non-formation,  of  a 
compound  of  the  aluminium  (or  ferric)  chloride  with  the  product  of 
the  reaction,  and  on  the  stability  or  degree  of  dissociation  of  this 
compound. 

Two  extreme  cases  may  be  considered. 

(1)  The  compound  of  aluminium  chloride  and  final  product  is  per- 
fectly stable  or  non-dissociable ;  (2)  complete  dissociation  takes  place, 
or  no  compound  at  all  is  formed.  In  the  former  case,  if  the  compoond 
is  assumed  to  be  one  m  which  the  two  components  are  preeent  in 
equivalent  proportions,  then  every  gram -equivalent  of  reagent  (acid 
chloride,  for  example)  would,  in  the  pretence  of  an  excess  of  the 
second  reacting  substance,  require  one  gram-equivalent  of  the 
aluminium  or  ferric  chloride  to  bring  about  complete  reaction.  In 
the  second  case,  where    complete  dissoeiation  occurs,   the  metallio 
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( hloride  should  behave  as  a  true  catalyst,  since  it  would  be  constantly 
regenerated,  and  the  quantity  present  would  influence  only  the  velocity 
of  the  reaction.  In  intermediate  cases,  where  the  final  compound 
with  metallic  chloride  may  be  partially  dissociated,  it  must  necessarily 
follow  that  the  greater  the  extent  of  this  dissociation  the  less  chloride 
will  be  required  to  bring  about  reaction  between  a  given  quantity  of 
reacting  substances. 

Friedel  and  Crafts  have  shown  that,  besides  the  synthetical,  there 
13  also  a  disruptive  action  induced  by  aluminium  chloride ;  as,  for 
instance,  the  decomposition  of  toluene  into  benzene  and  methyl 
chloride  in  the  presence  of  an  excess  of  hydrogen  chloride,  and  it  is 
probable  that  many  more  of  these  reactions  are  reversible,  a  fact 
which,  if  recognised,  would  go  far  to  explain  not  only  the  poor 
yields,  but  also  the  extremely  complicated  and  unexpected  compounds 
which  are  sometimes  obtained. 

The  course  of  certain  reactions  of  the  type  under  discussion  has  been 
followed  in  the  present  paper,  and,  in  order  to  avoid  complications  as 
far  as  possible,  two  reactions  have  been  selected  for  examination 
which  appear  to  progress  at  a  measurable  rate  until  they  are  quite 
complete.  The  reactions  which  have  been  studied  are  those  represented 
by  the  following  equations  : 

(1)  Ketone  synthesis, 

CyHg  +   C.Hg-COCl   =   C,H,(CH3)-CO-C6H5   +   HCl, 
under  the  influence  of  (a)  aluminium  chloride;  (b)  ferric  chloride. 

(2)  Hydrocarbon  synthesis, 

CyHg   +  CeH.-CHgCl   =   CoH,(CH3)-CH2-CeH,   +   HCl, 
under  the  influence  of  the  same  two  reagents. 

Preparation  of  tJie  Eeagenta. 

On  account  of  the  well-known  difference  in  the  behaviour  of  various 
samples  of  aluminium  chloride  in  the  Friedei-Crafts  reaction,  con- 
siderable care  was  taken  in  the  preparation  and  preservation  of  this 
reagent. 

A  large  quantity,  prepared  by  the  action  of  dry  hydrogen  chloride 
on  aluminium  turnings  at  a  dull  red  heat,  was  placed  in  a  carefully 
dried  combustion  tube,  and  distilled  twice  in  a  current  of  pure 
hydrogen,  which  had  been  dried  by  passing  through  sulphuric  acid 
and  finally  over  a  layer  of  phosphoric  anhydride  about  40  cm.  long. 
The  product  was  then  rapidly  removed  to  a  desiccator  containing 
phosphorio.oxide. 

But   even  with   all  precautions  it   was   found   impossible  during 
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weighiDg  to  avoid  the  absorption  of  water  in  varying  amouoti  by 
aluminium  chloride,  and  conaeqaently  the  value  of  the  velocity 
constant  in  different  experiments  ahows  a  slight  variation.  This 
difficulty  waa  not  encountered  to  the  tame  extent  with  ferric  chloride, 
which  was  prepared  by  the  action  of  chlorine  on  iron  turnings,  redis- 
tilled in  a  current  of  carbon  dioxide,  and  preserved  in  a  desiccator 
containing  phosphoric  oxide.  Although  this  substance  is  also  ex- 
tremely hydroscopic,  the  presence  of  a  minute  amount  of  water  does 
not  appear  to  have  such  an  influence  on  the  velocity  of  reaction. 

The  tolaene  employed  was  obtained  from  Kahlbaum,  and  had  a 
ODOsiant  boiling  point ;  it  was  distilled  from  sodium  and  also  kept  over 
this  metal. 

The  Method  of  Experiment, 

Owing  to  two  disturbing  causes,  namely,  the  presence  of  a  solid 
phase,  which  necessitates  constant  and  rapid  stirring,  and  the  solubility 
of  hydrogen  chloride  in  toluene,  it  is  not  possible,  in  following  the 
course  of  the  reactions,  to  measure  the  pressure  of  the  evolved  gas, 
although  this  method  has  met  with  considerable   success  in  other 


The  apparatus  employed  (Fig.  1,  p.  1474)  consists  of  a  double  bubbler, 
.4,  and  an  absorption  vessel,  B.  The  reaction  mixture  was  placed  in  the 
tube  c,  and  an  equal  volume  of  toluene  in  the  tube  d.  The  exit  tube,  b, 
was  connected  by  means  of  india-rubber  tubing  with  the  side-tube  of  B, 
the  capillary  tube,  e,  dipping  under  mercury  to  prevent  the  water  in  B 
finding  its  way  into  the  vessel,  A.  Hydrogen  entering  the  apparatus 
through  the  tube  a  became  saturated  with  toluene  while  pastmg 
through  (/,  whence  it  passed  through  c,  carrying  the  generated 
hydrogen  chloride  into  B,  where  it  was  absorbed  and  titrated. 

In  performing  an  experiment,  after  the  toluene  and  the  reaction-mix- 
ture of  toluene  and  acid  chloride  had  been  placed  in  d  and  c  respectively 
and  all  the  air  had  been  displaced  by  a  current  of  hydrogen,  a  weighed 
quantity  of  aluminium  chloride  was  introduced  through  y  at  a  given 
moment,  and  readings  were  made  of  the  time  elapsed  and  the  alkali 
used  in  titration.  The  whole  apparatus  was  immersed  in  a  thermostat 
at  a  temperature  of  250°±002^. 

In  the  majority  of  experiments,  the  chief  difficulty  to  be  overcome 
was  the  solubility  of  the  acid  in  toluene.  This  will  be  dealt  with  later, 
but  in  a  few  cases,  on  account  of  the  extreme  slowness  of  the  reaction, 
the  solvent  could,  without  error,  be  regarded  as  containing  no 
dissolved  hydrogen  chloride. 

In  these  cases,  considerable  difficulty  was  experienced  in  maintain- 
ing a  current  of  hydrogen  at  the  required  rate  for  the  Deoessary  time, 
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and  it  may  be  of  interest  to  describe  briefly  how  this  difficulty  was 
finally  overcorae. 

The  hydrogen  was  obtained  by  the  electrolysis  of  sulphuric  acid  in 
a  battery  of  seven  U -tubes  arranged  in  series.  When  a  current  of 
about  4  amperes  is  passed  through  such  a  series,  the  concentration  of 
the  acid  is  altered  by  the  passage  of  the  hydrogen  ions  to  the  cathode, 
and  of  the  sulphate  ions  to  the  anode,  in  such  a  way  that  it  becomes 


Fio.  1. 


very  dilute  at  the  cathode  and  very  concentrated  at  the  anode,  and 
since  the  concentration  used  was  that  of  maximum  conductivity,  the 
latter  from  both  changes  becomes  very  much  reduced.  In  one  experi- 
ment, the  current  fell  from  4  amperes  to  1  in  the  course  of  5  hoars. 
It  was  therefore  necessary  to  stir  the  contents  of  the  seven  U-tubes, 
and  this  was  successfully  accomplished  by  means  of  the  apparatus 
shown  diagrammatical ly  in  Fig.  2  (p.  1475). 
In  the  figure,  which  shows  only  one  U-tube,  the  hydrogen  eaeapet 
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bj  th«  tube  ht  which  bimoobM  into  the  two  tubee  c  end  d ;  d 
leede  to  the  drjiog  tubes,*  end  from  them  to  the  eppAMtut  ehown 
in  Fig.  1.  The  tube  ends  in  a  cepillerj  tube,  dipping  tmder  wetor  in 
tiM  loog  tube,  B.  Bj  regoUting  a  alop^ook  and  eerew  clip  on  the 
brmaeh  (not  shown  in  the  diegramX  ^^  ^  •f^J  to  i^low  about  one  or  two 
bubblee  of  hydrogen  per  seoond  to  eeoape  from  c,  thus  maintaining  a 
pceMiy  on  the  gat  eeoaping  through  the  bubblers. 


Fio.  2. 


JU^^ 


^^^ 


/\         /\ 


Ky 


The  whole  of  the  oxygen  escapes  through  a,  the  two  parts,  a  and  s, 
of  which  are  connected  by  a  flexible  glass  spiral,  not  shown  in  the 
figure,  made  of  3  metres  of  very  thin  quill  tubing. 

The  delivery  tube,  c,  is  attached  to  a  cord  passing  over  a  pulley,  the 
other  end  of  the  cord  being  fastened  to  an  arm  eoldered  to  the  bearer 
of  the  minute  hand  of  a  small  clock,  end  by  the  moTemeot  of  this 
arm  a  vertical  motion  is  imparted  to  c,  of  such  a  nature  that  it  movee 
once  up  and  down  every  hour.     As  a  result  of  this  movement^  the 
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escaping  pressure  of  the  oxygen  i^  constantly  varying,  being  alternately 
greater  and  less  than  that  of  the  hydrogen,  which  remains  constant, 
and  the  level  of  the  liquid  in  the  two  limbs  of  A  (and  also  the  remaining 
six  electrolytic  cells)  is  also  continually  varying,  taking  up  alternately 
the  extreme  positions  represented  by  the  plain  and  dotted  lines.  In 
this  way,  very  effective  mixing  is  brought  about,  the  above  mentioned 
changes  in  concentration  cannot  occur,  and  it  has  been  found  possible 
to  maintain  a  steady  current  of  hydrogen  corresponding  with  4  amperes 
for  over  72  hours. 

The  flexible  spiral  already  mentioned  cannot  be  replaced  by  india- 
rubber  tubing  on  account  of  the  rapidity  with  which  this  is  destroyed 
by  the  ozone  generated  during  electrolysis. 

A  trace  of  ozone  also  found  its  way  into  the  escaping  hydrogen 
(probably  by  solution  in  the  acid).  This  was  got  rid  of  by  passing  the 
gas  through  a  set  of  Geissler's  bulbs  containing  a  solution  of  potassium 
iodide. 

The  Solubility  of  Hydrogen  CJdoride  in  Toluene. — In  the  treatment  of 
the  experimental  results,  it  has  been  found  necessary  to  introduce  a 
correction  for  the  solubility  of  hydrogen  chloride  in  the  liquid.  Since 
the  composition  of  the  latter  varied  slightly  in  different  experimeuts, 
and  also  during  the  course  of  each  experiment,  but  consisted  always 
for  the  most  part  of  toluene,  it  has  been  assumed  that  the  solubility  wa9 
the  same  as  in  pure  toluene,  an  assumption  involving  an  unimportant 
error.  The  method  of  treating  the  results  and  applying  the  correction 
will  be  clearly  understood  from  the  following  considerations.  The 
desaturation  of  a  saturated  solution  of  hydrogen  chloride  in  toluene 
by  a  steady  current  of  hydrogen  will  follow  the  course  of   a  uni- 

molecular   reaction,    A'= -log         ,    where   a   is   the  amount  of   cas 
T      a-x 

contained  in  the  saturated  solution  and  x  is  the  amount  carried  away 

in  the  time  T.     The  value  of  K  will  depend  only  on  the  rate  at  which 

the  indifferent  gas  (hydrogen)  is  passed  through  the  solution. 

1  (te  . 

From  the  differential  form  of  the  above  equation,  a  -  e  •» -p  j^ » it  i» 

possible  to  calculate  at  any  moment  the  value  of  {a  —  x)^  which  is  the 
amount  of  hydrogen  chloride  remaining  dissolved.  The  quantity  of 
hydrogen  chloride  produced  by  a  reaction  in  a  given  time  is  obviously 
equal  to  that  which  has  been  carried  away  by  the  hydrogen  and 
titrated,  plus  the  small  amount  remaining  dissolved  in  the  toluene,  and 
the  latter  value  (a  — a;)  is  given  by  the  above  equatios,  where  K  i? 
the  constant  for  the  desaturation  curve  when  obtained  with  the  same 
current  of  hydrogen  per  second  as  that  used  in  the  velocity  experiments^ 
and  dxjdt  is  the  tangent  to  the  curve  at  the  time  of  observation. 
The  same  result  is  attained  graphically  by  superposing  the  curve  of 
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a  givwi  rtMiioa  on  th«  dMaturation  ounra  and  rMdiog  off  tht  valuM 
of  (•  -•)  from  the  UtUr.  Both  metbodi  give  the  aaine  value  for  the 
corrtetion  within  a  Tory  email  limit  of  error.  Tht  ezperimeotal  reeulte 
gtvwi  below  have  been  treated  in  the  latter  manoer,  and  the  figures 
given  in  the  tables  are  the  oorreoted  ones,  that  is  to  saj,  the  titration 
results  plua  (a^x), 

EXPEKIMENTAL. 

The  following  experiments  were  carried  out  using  a  current  of 
hydrogen  developed  in  seven  electrolytic  celU  arrani^  in  series  by  an 
eloelrie  enrrent  of  4*7  ±0*1  amperes,  equivalent  to  3*81  c.c.  of  hydrogen 
per  second.  The  acid  liberated  was  titrated  by  a  solution  of  sodium 
hydroxide  free  from  carbonate,  equivalent  to  0*00864  gram  of  hydrogen 

iiloride  per  cc.  In  order  to  simplify  the  type  of  the  reactions  by 
making  the  active  mass  of  one  of  the  reacting  substances  constant,  a 
large  exeeee  of  toluene  has  been  used  in  all  cases. 

In  the  following  table  ar^  given  the  6gures   for  the  desaturation 

curve  of  hydrogen  chloifTO^in  toluene. 

Table  L 

Twenty  c.c.  of  toluene  saturated  with  hydrogen  chloride  at  S5® 
dissovle  0*2902  gram  of  the  gas. 

r«-time  in  minuteS;  x  =  no.  of  c.c.  of  NaOII  neutralised,  as 33*6. 


T. 

• 

3C 

'-N;^, 

01 

43 

— 

1-2 

27*5 

1-43 

2*0 

31-8 

1*47 

2*76 

32*9 

1*43 

31 

33-3 

1-52 

50 

335 

— 

00 

33-6 

— 

1*46 


Ketone  Synthetie, 


(>%)  The  Reaction  between  Benzoyl  Chloride  ami  Toimm  im  the  yreeenee 
qf  Aluminium  Chloride. 

It  was  expected  that  this  would  be  a  unimolecular  reactioo,  bnt  it 
was  very  soon  found  that  its  order  varied  in  a  remarkable  manner  with 
the  ratio  of  alumioium  chloride  to  acid  chloride^     On  this  account,  and 
voi^  LXXXIII.  5  O 


1478 


STEELE:   A   DYNAMICAL  STUDY  OF  THE 


also  because  of  the  varying  influence  on  the  velocity  exerted  by  different 
samples  of  aluminium  chloride,  each  experiment  has  been  frequently 
repeated,  and,  although  the  actual  values  of  K  varied  slightly,  the 
type  of  reaction  with  a  given  ratio  remained  uniform. 

Four  series  of  experiments  have  been  carried  out  in  which  the  ratio 
of  aluminium  chloride  to  acid  chloride  was  respectively  0*65,  1*00,  1*3, 
and  2*3,  the  results  of  which  are  given  in  tables  II — V,  In 
these  and  the  other  tables  which  are  given,  K^  and  K(  represent  the 
values  of  the  constant  calculated  from  the  equation  for  a  unimole- 

cular   reaction,    K^  Trrlog ,   in    which  a  =  the   total   quantity  of 

hydrogen  chloride  that  can  be  produced  if  the  reaction  becomes  com- 


FiG.  3. 


30  40 

TivM  in  mifiMiM, 


pleted,  and  as  =  the  amount  produced  in  the  time  T,  K^  and  K^  differ 
from  each  other  in  that,  for  the  calculation  of  K^^  a  is  the  total 
amount  of  the  gas  producible,  and  T  is  measured  from  the  actual  time  of 
starting  the  experiment,  whilst  for  the  calculation  of  K(y  a'  repre- 
sents the  amount  of  hydrogen  chloride  that  can  be  produced  from  the 
substances  remaining  unchanged  at  some  arbitrarily  selected  time  T', 
K^  and  K^  represent  the  values  of  the  constant  calculated  from  the 

equation  for  a  bimolecular  reaction,  ^j«  Y'cUa  -  xY  ^^  ^^^^^  ^^^^ 
each  other  in  the  same  manner  as  K^  and  K^\ 

The  results  of  these  series  are  also  plotted  in  Fig.  3,  where  the  changes 
in  the  form  of  the  curve  with  different  ratios  are  very  clearly  shown. 
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Tabli  II  (Rx|»rtiii«iii  1). — Alumimoiii  chloride  -  0*79  gram.   BtDiojl 
eldoride-M8  grams;  ratio- 0*65.  ToluaDe - 20  o.o.    a- 35*4 x 

T.  a.  r|Xio>.  ji/n 


3 

4-3 

69 

— 

10-4 

97 

2-08 

14-5 

143 

207 

16*9 

146 

1*88 

18*3 

145 

166 

19-3 

141 

— 

20-0 

136 

_ 

211 

120 

— 

21*8 

— 

— 

52 

22*2 

— 

— 

1080 

230 

_ 

— 

Ratio  of  aluminium  chloride  to  ketone  formed- 1*0. 

Table  III  (Experiments  2, 3,  and  4). — Aluminium  chloride  -  1*2  grama. 
Benxoyl  chloride  -1*18  grams;  ratio  =1*0.  Toluene  -20  o.o» 
a -35*4. 

Kxp&r%m$nt  2. 

T,  X.  iTj  xlO».  iTj' xlO«.  xfT. 

4  6*6  51-8  (r-7'-9)  — 

7  16-4  88-4  (a'- 19-0)  234 


9 

210 

100 

— 

2-33 

11 

271 

134 

208 

2-47 

13 

30-2 

147 

217 

2*31 

15 

321 

158 

219 

213 

17 

33-2 

164 

214 

1*95 

19 

33*9 

166 

210 

— 

21 

34-4 

171 

211 

— 

23 

34-6 

166 

198 

— 

25 

34*8 

164 

— 

— 

Mean  [211] 


5  o  S 


1480 


STEELE  :   A 

DYNAMICAL 

STUDY   OF 

THE 

ExpeHment  3. 

T. 

1-26 
2-76 

X. 

4-9 
9-3 

JiTi  X  10«. 
118 
113 

(a 

fir/  X  io». 
'  =  200) 

5) 

x/T. 
3-38 

3-75 

13-1 

123 

— 

3-50 

4-5 

15-4 

127 

— 

343 

6-6 

21-4 

143 

180 

3-30 

7-75 

24-9 

157 

194 

323 

100 

28-1 

158 

184 

2-81 

13-25 

31-8 

173 

196 

— 

15-0 

32-9 

176 

198 

_ 

160 

33-4 

180 

200 

— 

18-0 

34-1 

184 

202 

— 

21-0 

34-6 

181 

196 

— 

26-0 

35a 

183 

195 

. 

Mean  [194] 

Experiment  4  yields  a  curve  of  exactly  the  same  type.    Kj^  x  10^=  168. 

Experiment  b.     Aluminium  chloride  =  0*47  gram.     Benzoyl  chloride  » 
0-46  gram  ;  ratio  =  I'O.     Toluene  =  20  c.c.     a  =  14-1. 


T. 

X. 

iTiXlO'. 

AVxlO'. 

x/T, 

2 

1-45 

51 

(T'  =  r-9) 

0-72 

3- 

205 

52 

(a' =  7-65) 

0-68 

5 

3-50 

57 

— 

0-70 

7 

4-9 

61 

— 

0-70 

0 

6-45 

68 

— 

0-713 

12 

8-35 

74 

95 

0-70 

U 

9-45 

79 

99 

0-675 

17 

10-7 

83 

103 

0-63 

19 

11-35 

86 

104 

0-60 

23 

12-2 

87 

103 

___ 

27 

12-8 

83 

100 

__ 

32 

13-1 

83 

90 

_ 

42 

13-6 

80 

— 

-»« 

Mean  [99] 
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Table  IT  (EzparimtnU  6a,  7a,  and  10). 
6a. 


Bentojl  chloride- 1*19  grainy  added  (o  the  raaction  mixture  of 
Bzpenment  6,  after  the  reaction  had  entirelj  oaaied.  a «  S6'4  ; 
ratio -13. 


r. 

X. 

/r,  X  io«. 

AT/xlO*. 

TiT. 

335 

12-45 

196 

(r-r-4-25) 

5-54 

3-35 

18-65 

230 

(« 

'-11-7) 

5-71 

4-35 

3S-7 

261 

5-59 

5-35 

37-9 

296 

445 

533 

r,-25 

31-1 

323 

503 

4-98 

7-36 

32-9 

369 

520 

— 

8-36 

33-8 

376 

493 

— 

10-35 

34-8 

327 

496 

... 

Experimont  7a  gave  a  curve  identical  with  6a. 
In  experiment  10,  the  reaction  mixture,  which  was  freshly  prepared, 
contained  no  ketone  ;  it  also  gave  the  same  curve  as  6a. 

Table  V  (Experiments  6,  7,  8,  and  9). 

Experiment  6. 

Aluminium    chloride  =  2*56  grams.      Benzoyl    chloride- 1*18  grams; 
ratio  -  2-3.     Toluene  -  20  c.c.     a  -  35-4. 

T,                     z.               JTixlO*.           /TjXlO*.  »/r. 

1-25                12-6                353                  —  lOH) 

2  0                  22-5                466                229  115 

2-5                   248                 480                 264  99 

3-0                  26-4                460                376  88 

3-5                  27-5                438                381  — 

4-0                  283                403                381  — 

5-0                   29-2                 348                 266  — 

60                  30-1                 316                269  — 

7-75                31-3                379                378  — 

90                  31-9                356                385  — 

11-75                33-7                358               [452]  — 

23-25                34-5                155               [465]  — 

37-5                  35-1                 127               [885]  — 

Mean  [270] 

ExperimenU  7,  8,  and  9  (ratios  3-2,  2-3,  and  34)  gave  reMilfts  in 
close  agreement  with  the  above. 
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It  will  be  seen  that  the  phenomenon  of  chemical  induction  or  initial 
acceleration  is  manifested  to  a  greater  or  less  extent  in  all  the  experi- 
ments recorded,  being  much  more  marked  in  those  in  which  the  ratio 
of  aluminium  chloride  to  acid  chloride  is  small.  In  the  experiments  in 
Tables  II  and  III,this  induction  effect  is  shown  by  the  gradual  increase  of 
JTj  from  a  small  value  to  a  maximum,  at  which  it  remains  practically 
constant  until  the  reaction  is  completed.  During  the  first  portion  of 
the  reaction,  the  amount  of  hydrogen  chloride  evolved  is  very  nearly 
directly  proportional  to  the  time,  or  xjT  is  constant,  and  from  the 
time  at  which  this  begins  to  be  no  longer  the  case,  the  reaction  becomes 
unimolecular,  as  is  shown  by  the  constancy  of  K^^  and  the  time  at 
which  the  reaction  first  begins  to  be  unimolecular  corresponds  with 
that  at  which  the  aluminium  chloride  disappears  as  a  solid  phase. 

In  the  experiments  (Table  V)  in  which  the  ratio  of  aluminium  chloride 
to  benzoyl  chloride  was  increased  to  2*3,  K^  (apart  from  a  slight  initial 
rise  due  to  the  induction  effect),  instead  of  increasing,  steadily  decreases 
in  value.  On  the  other  hand,  K^  is  very  nearly  constant  for  the 
greater  part  of  the  reaction,  which  is  bimolecular  under  the  conditions 
of  these  four  experiments. 

The  foregoing  results  are  best  explained  by  assuming  that  the 
reaction  between  toluene  and  benzoyl  chloride  is  conditioned  by  the 
previous  formation  of  a  compound  or  compounds  of  one  or  both  of  the 
reacting  substances  with  aluminium  chloride,  and  that  the  latter  is 
withdrawn  from  the  system  as  a  component  of  a  final  compound  with 
the  ketone  produced. 

When  the  ratio  of  aluminium  chloride  to  benzoyl  chloride  is  uniij 
or  less,  the  scheme  of  reaction  suggested  by  Perrier  and  Boeseken  is 
sufficient  to  explain  all  the  facts.  Thus,  if  the  first  stage  consists  in 
the  formation  of  the  compound  of  the  aluminium  and  acid  chlorides, 
which  reacts  with  the  toluene  according  to  the  equation, 

Al2Cl,(CoH,-COCl),  +  O.H^-CH,  *  Al,01e(C,H,-C0-C,H,-CH3),  +  2HC1, 

then  the  reaction  cannot  be  unimolecular,  if  considered  from  the 
time  the  substances  are  first  mixed,  since  the  concentration  of  the 
Al2ClQ(CgH^*COCl)2  must  necessarily  rise  from  zero  to  a  constant 
value,  which  will  depend  on  the  solubility  of  the  compound  in  toluene, 
and  at  which  it  will  remain  so  long  as  both  aluminium  chloride  and 
benzoyl  chloride  are  present. 

For  that  portion  of  the  reaction  during  which  its  concentration  does 
not  vary,  the  active  mass  of  the  two  reacting  substances,  namely, 
Al2Clg(CoHg*COCl)2  and  toluene,  is  constant,  and  this  is  the  condition 
Deoeesary  in  order  that  k  may  be  proportional  to  T,  From  the  time 
when  either  of  the  chlorides  has  disappeared,  the  concentration  of  the 
intermediate  compound  is  no  longer  maintained  at  a  constant  value 
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Um    rMcUon    becomes    uQlaoltoolar,    and    from   ihb  poioi   K^   ie 


Fhim  Um  neultof  iht  •xperimeni  deeeribed  in  Table  II,  in  wbkb 
one  gram-equivelent  of  aluminium  chloride  faili  to  oaaa«  Bort  Ihan 
one  gram-molecule  of  benioyl  chloride  to  undergo  oondenaatloo  with 
toluene^  it  is  erident  that  the  aluminium  chloride  enters  into  verj 
stable  eombination  with  the  ketone.  For  if  this  oomponnd  were  appre- 
ciably dissociated,  the  regenerated  aluminium  chloride  would  immedi- 
atelj  combine  with  the  unchanged  benzoyl  chloride,  giWng  rise  to 
more  ketone  and  consequent  liberation  of  more  hydrogen  chloride. 

The  foregoing  scheme  does  not  explain  the  change  in  th*  ordtr  of 
the  reaction  brought  about  by  increasing  the  amount  of  aluminium 
chloride ;  and  the  presence  of  an  additive  compound  of  aluminium 
chloride  and  toluene,  such  as  that  referred  to  by  Gustavson,  appears 
to  be  indicated. 

If  the  benzoyl  chloride  and  toluene  both  form  intermediate  com- 
pounds containing  aluminium  chloride,  which  then  interact  with 
elimination  of  hydrogen  chloride,  the  reaction  becomes  bimolecular, 
and  A'2  becomes  constant,  provided  that  the  concentration  of  the  two 
substanoee  happens  to  be  very  nearly  the  same,  a  condition  which 
appears  to  be  satisfied  when  the  ratio  of  aluminium  chloride  to  benzoyl 
chloride  is  2-3.  In  experiments  with  this  ratio,  an  excess  of 
aluminium  chloride  always  remained  after  the  reaction  was  com- 
pleted,  and  in  order  to  ascertain  whether  the  products  of  the  reaction 
exerted  any  influence,  a  further  quantity  of  benzoyl  chloride  wm 
added  to  the  reaction  mixture  from  experiments  6  and  7.  A  parallel 
experiment  (No.  10),  in  which  the  ratio  was  the  same,  namely,  1 :  S, 
was  also  carried  out,  and  as  a  result  (Table  IV)  it  was  found  that  the 
presence  of  the  ketone  had  no  influence  on  the  course  of  the  reaction^ 
which,  with  this  ratio,  is  unimolecular  in  its  last  stages. 


(b)  Tht  JUadion  beiu>6en  Benzoyl  Chloride  and  Toluene  in  the 
of  Ferric  Chloride, 

From  the  fact,  already  mentioned,  that  Nencki  has,  in  the  study 
of  this  reaction,  isolated  compounds  containing  ferric  chloride,  which 
are  more  or  less  analogous  with  those  containing  aluminium  chloride, 
it  was  anticipated  that  the  reaction  would  prooeed  in  a  similar 
rn^ntiftf  to  the  one  just  considered.  A  number  of  experiassnts  hfkf% 
been  carried  out,  using  different  ratioe  of  ferric  chloride  to  btmojl 
chloride,  with  the  result  that  only  when  this  is  unity  is  it  poMiblo 
to  calculate  any  satisfactory  constant,  and  with  this  ratio  the  lenetion 
is  bimolecular. 

The  results  of  two  experiments,  Nos.  11  and  12,  in  which  the  ratios 
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were  respectively  0*91  and  1*0,  are  given  in  Table  VI.  In  both  these 
experiments,  K^  diminishes  rapidly  in  value  as  the  reaction  proceeds, 
a  behaviour  which  indicates  that  the  reaction  is  of  a  higher  order 
than  unity  ;  K^y  on  the  other  hand,  is  constant. 

Table  VI  (Experiment  11). — Ferric  chloride  =  1*25  grams.     Benzoyl 
chloride  =  1*18  grams  ;   ratio  =  0-91.      Toluene  =  20  c.c.     a  =  35-4. 

^,xlO*.  iTaXlO''.  K^xW 


2 

61 

955 

292 

(r  =  T--9) 

4 

8-0 

640 

205 

a  =23-8 

y. 

11-45 

440 

150 

— 

12 

12-95 

370 

137 

94-2 

15 

14-3 

340 

127 

93-3 

18 

15-45 

320 

121 

94-0 

28 

18-35 

260 

107 

91-5 

35 

20-0 

254 

110 

91  0 

42 

21-3 

218 

103 

890 

79 

25-9 

166 

96 

920 

94 

27-0 

143 

96 

92-5 

109 

28-0 

140 

97 

94-6 

124 

28-7 

134 

96 

94-6 

184 

30-7 

— 

96 

100-0 

Experiment  12. 

Ferric     chloride=l*32      grams.      Benzoyl      chloride  =  l'18     grams 
ratio  =  1  -0.     Toluene  =  20  c.c.     a  =  35-4. 

T,  X.  JTiXlO*.  K^xKfi,  jr,'xlO». 

2  6-2  950  220  (7'  =  2'-4) 

4  8-4  675  168  (a  =-26-9) 


7 

10-4 

500 

154 

— 

9 

11-6 

442 

138 

100-5 

12 

13-1 

367 

131 

98-5 

15 

14-5 

353 

126 

98-7 

18 

15-7 

327 

116 

98-7 

25 

18-9 

279 

111 

98-8 

43 

22*2 

233 

109 

100-5 

55 

24*0 

207 

108 

1010 

78 

26-0 

179 

111 

1020 

88 

27-4 

168 

116 

106-0 

104 

28-6 

157 

122 

1110 

125 

29-8 

148 

135 

— 

146 

30-9 

141 

— > 

1340 

170  31-8  134 
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Two  other  experimenU,  Not.  IS  aotl  14.  nmy  b«  Ur'fdf  iininniaHM«l. 

Mwpmrimmi  la.^Katio  of  ferric  chloride  to  beoioyl  chloride  -iO'46. 
86*5  e;e,  alkmli  were  neutrelUed  in  1S97  minuten.  The  hydrotrfn 
eqiuTelent  of  ferric  chloride  used  »  16*3  c.c. 

The  ohject  of  thU  experiment  wee  to  aaoerUin  the  nMatmnnhii' 
between  the  amount  of  ferric  chloride  used  and  ketone  formed  af» 
roeaturid  by  the  hydrogen  chloride  evolved.  It  ie  noticeable  tha« 
no  such  simple  relation  hoMs  A>i  w.*.^  f'^mw)  in  the  case  of  'OM»>l?><><n« 
chloride. 

JlxpmriwmU  14. — Ratio  of  ferric  chloride  to  benzoyl  chloride  "It. 

A\    -  -«loff-^  varies  steadily  from  0061  to  0*01 1. 

^f   -  -^-T-^       "  "  „    000185  to  0-000«->. 

*  T  a{a  -  x) 

From  the  results  of  this  experiment,  taken  in  coujunction  with  expert 
ments  11  and  12,  it  is  probable  that  the  reaction,  which  is  apparently 
bimoleeular,  is  one  in  which  two  different  molecular  species  interact ; 
for  such  a  reaction,  the  following  equation  holds : 

K    ^         ^       .log"i^-^>-. 
^«         {a-b)T     ^b^a-x)' 

where  a  and  b  represent  the  initial  concentrations  of  the  roacttog 

substances.     For  the  special  case  that  a  »  6»  this  takes  the  form  need 

1          X 
above,  a,  «  "tf* ~; v* 

In  experiments  13  and  14,  in  which  apparently  a  and  b  are  not 
equal,  there  is  no  meaoK  by  which  6  can  be  determined,  but  by  assign- 
ing various  values  to  this  constant  in  experiment  14,  it  has  been 
found  that  the  reaction  is  bimoleeular  if  6=:44'3.  This  will  bo  Men 
from  the  following  figures  : 

Experiment  15.-If  a-27-2  and  6-442,  /T,-  ^_—^og^^ 

r       -         4         14        26        51         121         irs 

^,xlO»-     43     36     35*4    31      32      SA 

This  appears  to  indicate  that  in  addition  to  the  subotanco 
FeC1g(CgH5'00Cl),  thei*  is  present  a  second  compound  of  ferr  c 
chloride  and  toluene,  the  concentration  of  which  varies  with  tlie 
amount  of  ferric  chloride  present,  and  in  the  syntbetia  of  kotoneifrom 
hydrocarbon  and  acid  chloride  by  the  aid  of  this  reagent,  the  reaeti*  ii 
which  occurs  between  these  compounds  comes  to  a  standstill  from  tl.e 


use 
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fact  that  the  ferric  chloride  is  withdrawn  from  the  system  as  a  com- 
ponent of  the  final  product.  This  ketonic  compound  is,  however, 
not  so  stable  as  the  analogous  one  containing  aluminium  chloride. 


Hydrocarbon    S  yntheais. 

(a)  The  Reaction  between  Benzoyl  Chloride  and  Toluene  in  tJie 
presence  of  Aluminium  Chloride. 

All  the  experiments  in  this  series  were  made  with  the  same  mixture 
of  benzyl  chloride  and  toluene,  namely,  one  in  which  0*434  gram  of 
benzyl  chloride  is  contained  in  30  c.c.  of  toluene. 

With  stronger  solutions  and  with  quantities  of  aluminium  chloride 
greater  than  002  gram,  the  rate  of  this  reaction  cannot  be  satis- 
factorily measured  on  account  of  its  rapidity. 


Table  VII. 
Experiment  16. 
Aluminium  chloride  =  0*004  gram 


HCl  evolved  2*5  c.c.     A  =  2*5. 


Experiment  17. 

Aluminium  chloride  =  0010  gram. 
HCl  evolved  7  "9  c.c.     a  =  7*9. 


T. 

X, 

JTi  X  10*.                T. 

X.             JTiXlO*. 

115 

1-0 

445                 1*3 

20            2305 

2-0 

1-75 

600                 1*8 

2*8            2420 

3*0 

2*1 

611                 2-6 

3*9            2600 

5*0 

2-3 

510                3-15 

4*5             2670 

8*5 

2*45 

460                 3*8 

51             2720 

4*7 

5*6            2630 

5*7 

6*1             2600 

6*8 

66             2650 

815 

70            2670 

110 

7-4            2620 

150 

7-6            2180 

400 

7-9              — 

♦  R  =  20. 

Experiment  18. 

*  R-26. 

Aluminium  chloride -> 

0  01 1  gram.               HCl  evolved  8*56  c.c. 

T. 

X. 

JT,  X  10^                  T. 

X.           ifjXlO*. 

1-60 

6-0 

6480                4*0 

7-6            6260 

216 

60 

6620                6-33 

7-8            4620 

2-6 

6-5 

6480                8-6 

81            3460 

31 

6-9 

6300              270 

8-65            — 

•  R-24-6. 

tatio  of  benzoyl  chloride  decompoeed  to  aluniiniuiD  chloride. 


FR1BDBL-CRAPT8  RBACTION.  1487 

Table  VII  eoDUios  tho  deUtUof  three  experimeoU  oerriedout  with 

irying  qoMilitiee  of  alumiDium  chloride.     From   theee,  it  b  aeeo 

:i4t  the  reeotioo  it  aDimoleoular,  end  oomee  to  a  etaDdetill  at  a  per- 

"Cilj  definite  point,  namely,   when   for  ererj  gram  equiTalent  of 

*Iaminittm  chloride  added,  twenty-five  molecalei  have  entered  into  re« 

action.     Other  experiments  were  made  with  still  smaller  quantities  of 

aluminium  chloride,  and  as  an  inTariable  rule  it  has  been  noticed  thai 

the  evolution  of  hydrogen  chloride  never  occurred  unless  an  intense 

orange  colour  developed  in  the  reaction  mixture,  which   disappeared 

almosl  entirely  as  the  evolution  came  to  an  end. 

This  colour  is  probably  due  to  the  formation  of  a  compound  of 

aluminium  and  benzyl  chlorides.     The  cessation  of  the  reaction  at  a 

definite  point  is  easily  understood  if  the  existence  is  assumed  of  a 

diwociaMe  eompound  of  the  hydrocarbon  produced  and  the  aluminium 

hloride,  the  substance  dissociating  according  to  the  equation  : 

A],C1^R,-A1,C1«  +  2R. 

For,  if  a,  6,  and  e  represent  the  concentration  of  the  compound,  the 
aluminium  chloride,  and  the  hydrocarbon  respectively,  equilibrium  is 

established  when «  a  constant,  and  therefore  as  c  is  increased, 

a 

a  value  will  ultimately  be  reached  for  6,  so  small  that  for  all  practical 

purposes  the  concentration  of  the  aluminium  chloride  will  be  sero. 

It  can   therefore  exert  no  further  influence  on  the   reaction,  which 

accordingly  either  ceases  or  becomes  immeasurably  slight,  a  condition 

which  is  fulfilled  in  the  present  case  when  c->250. 

This  synthesis  may  therefore  be  regarded  as  analogous  to  that  of 

the  ketone,  from  which  it  differs  only  in  the  greater  instability  of  the 

final  aluminium  chloride  compound. 

The  Bdoetion  between  Benzyl  Chloride  and  Toluene  in  the  prmenee  ^ 

Ferric  Chloride, 


The  reaction  mixture  was  the  same  as  that  used  in  the  last 
The  details  of  four  experiments,  in  which  the  quantities  of  ferrie 
chloride  varied  from  054  to  0004  gram,  are  given  in  Table  VIIL 
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'   Table  VllT. 
Expeinment  19. 

Ferric  chloride  =  0-53  gram  ;  ratio  of  ferric  chloride  to  benzyl  chloride 

=  1-05.     «  =  U-5. 

AVxlQs.  xlT. 


T. 

X. 

A',xlO'. 

2-15 

9-3 

478 

2-75 

10-9 

496 

3-25 

11-2 

446 

3-9 

11-8 

431 

4-6 

12-4 

423 

5-7 

13-2 

424 

6-5 

13-5 

414 

7-25 

13-7 

403 

9-0 

141 

403 

.00 

14-2 

386 

Expenment  20. 
Ferric  chloride  =  0038  gram  ;  ratio  =  0068.     a  =-  14-5. 

K^  X  103.  aj/y. 

—  20 

—  3-4 

—  40 

—  4-26 

—  416 

—  3-35 


Experiment  21. 

Ferric  chloride  =  0*01 8  gram.     Ratio  -  0*032.  a  - 14-5. 

r.  X.  ^,xio'.  jTi'xio'.  x/r. 

3-5  4-4  104  (^  =  ^-5)  1-26 


T. 

X, 

Ky_   X  10'. 

1-0 

20 

147 

1-5 

5-1 

276 

2  0 

80 

403 

2-5 

10-6 

526 

30 

125 

661 

40 

13  4  - 

646 

4-5 

13-8 

672 

5-75 

14-0 

690 

40 

5-6 

115 

(a' -71) 

1-37 

60 

7-6 

139 

1-50 

60 

9-7 

184 

391 

1-60 

7-0 

11-3 

216 

400 

1-61 

80 

12-4 

241 

406 

1-66 

90 

131 

260 

406 

1-44 

10-0 

13-45 

262 

394 

— 

110 

13-75 

262 

380 
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Feme 

chloride  -  0* 

004  gram  ; 

ratio*- 0*0071.     a- 

-14  5. 

r. 

X. 

A',  X  io». 

A-.'xio*. 

*/r. 

11-5. 

515 

37-3 

(r-r-11-5) 

0-447 

1615 

9-8 

69-7 

(a' -9-4) 

0-607 

170 

10-7 

78-6 

165 

0-603 

180 

US 

840 

167 

0627 

19-0 

11-9 

90-5 

171 

0627 

20-0 

12-3 

94-4 

170 

0-615 

31-0 

12-8 

102-0 

180 

0^10 

230 

13-3 

1120 

179 

0-578 

26-0 

13-9 

122-0 

190 

^_ 

33-0 

141 

— 
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In  all  the  above  experiments,  with  the  exception  of  No.  19,  in  which 

>me  disturbing  cause  may  be  suspected  which  diminishes  the  value  of 

Vj,  the  phenomenon  of  chemical  induction  can  be  detected,  and  to  a 

rj  much  greater  extent  in  those    in   which  the  amount  of  ferric 

-loride  is  small.  This  may  be  accounted  for  by  the  slower  rate  at  which 

>e  compound  of  benzyl  chloride  and  ferric  chloride  is  formed  when 

:.e  quantity,  and  thus  the  surface  of  contact  of  the  latter  with  the 

:»olution,  IB  small.     Apart  from  this  effect,  the  reaction  is  unimolecular. 

There  is  no  indication  of  the  occurrence  of  any  compound  between 

o  ferric  chloride  and  the  hydrocarbon  produced  in  this  reaction,  in 

.vhich  the  ferric  chloride  appears  to  behave  as  a  true  catalytic  agent 

Summary. 

The  dynamical  study  of  the  four  foregoing  reactions  leads  to  the 
following  conclusions : 

(1)  In  the  synthesis  of  ketones  from  hydrocarbon  and  acid  chloride 
in  the  presence  of  aluminium  chloride,  the  reaction  is  unimoleciilar» 
and  the  mechanism,  suggested  by  Perrier  and  Boeeekeo,  i«  w»U  aeUb- 
lished,  provided  the  ratio  of  aluminium  chloride  to  acid  chloride  is  not 
greater  than  unity. 

(2)  In  the  presence  of  an  excess  of  aluminium  chloride,  the  reacUon 
is  best  explained  as  being  kunolecular,  the  reacting  tpeciee  being  two 
intermediate  compounds,  each  containing  aluminium  chloride. 

(3)  In  the  presence  of  ferric  chloride,  the  reaction  between  the 
same  classes  of  snbetaoce  is  bimolecular,  and  is  best  explained  in  the 
same  manner  as  the  foregoing  condensation  (2). 

(4)  In   the   synthecir    of    phcnyltolylmethane   from    toluene    and 
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benzyl  chloride  in  the  presence  of  aluminium  chloride,  the  reaction  is 
unimolecular,  and  is  probably  one  between  toluene  and  a  compound  of 
aluminium  and  benzyl  chlorides,  and  the  same  applies  to  the  reaction 
in  the  presence  of  ferric  chloride. 

In  the  first  three  of  the  above  reactions,  the  action  ceases  at  a  point 
when  all  the  metallic  chloride  is  withdrawn  from  the  system  as  a 
component  of  the  final  product.  In  the  last  reaction,  no  evidence  of 
this  can  be  found,  and  the  ferric  chloride  acts  as  a  true  catalyst. 
Hence  it  may  be  stated  that  the  action  of  aluminium  and  ferric 
chlorides  in  inducing  the  Friedel-Crafts  reaction  differs  from  many 
cases  of  true  catalysis  only  in  the  accident  that  these  reagents  com- 
bine with  certain  substances  produced  during  the  reaction  and  are 
thus  removed  from  the  system. 

MacDonald  Chemistky  Building, 
McGiLL  University, 

MONTREAU 
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484  ;  P.,  07. 
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worth),  P.,  22. 
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50. 

B  Aeetyl-o^-dipheByl-aethyloxidoeth • 
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ketones    and    aldehydes    (Lebb),  T., 

145. 
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nicia  (Kametaka),  T.,  1042;   P., 
200. 

monobasic,  add  salts  of,  and  the 
effect  of  water  and  alcohol  on 
them  (Parmer),  T.,  1440;  P., 
274. 

poljbasic,  relatire  affinities  of  (Daw* 
son),  T.,  725  ;  P.,  185. 

fatty,  and  their  deriratiTai  in  flMSol 
solution,  relation  betwcan  ooBctitii- 
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lower  fkttr,  and  tbair  eaCank  Utant 
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ooBpoBffBts  (MoKbisie  and  Har- 
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dieater  on  the  occasion  of  the  DalUm 
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acids    (Dawson),  T.,   725;    P., 
135. 
of    some    feebly    basic    siibstances 
(Wood),  T.,  568;  P.,  67. 
Association,  chanp;e  of,  of  fatty  acids 
and    their   derivatives    in    phenol 
solution    (Robertson),    T.,   1425  ; 
P.,  223, 
Chemical  dynamics  of  the  reactions 
between     benzene    and    chloriup 
under  the  influence  of  different 
catalytic    agents    and     of    light 
(Slator),  T.,  729  ;  P.,  135. 
of      the      Friedel-Crafts'     reactiofi 
(Steele),  T.,  1470  ;  P.,  209. 
Decomposition   of  ammonium  nitrite, 
the  conditions  of  the  (Veley),  T., 
736  ;  P.,  142. 
Hydrolysis  of  carbamide   hydrochlor- 
ide (Walker  and  Wood),  T.,  484  ; 
P.,  67. 
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chlorine  (Dyson  and  Harden),  T., 
203. 
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compounds  (Cain  and  Nicoll), 
T.,  206. 
influence  of  temperature   on  the 
(Cain  and*  Nicoll),  T.,  470; 
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Velocity  of  oxidation  of  phosphorus 
(Russell),    T.,    1266,    1279 ;    P., 
207. 
Velocity  of  reaction  between  potass- 
ium   ferricyanide    and     potassium 
iodide  in   neutral  aqueous  solution 
(DoNNAN  and  Le  Rossionol),  T., 
703  ;  P.,  120. 
Alcohols,  fatty,  latent  heats  of  (Brown), 

T.,  991  ;  P.,  164. 
Aldehyde,  C,oH,«0,    and  its   semicarb- 
azone,  from   tne  oxidation   of  pinene 
(Henderson,  Gray,  and  Smith),  T., 
1802  ;  P.,  196. 
Aldehydes,    interaction    of,    with    acid 
chlorides  (LsBs),  T.,  145. 
condensation  of,  with  menthyl  aoeto« 
acetate  (Hann  and  Lapworth),  P., 
291. 

/B-Aldebydie  aeids,  optically  active 
eaters  of  (Lapworth),  T.,  1114  ;  P., 
149;  (Hann  and  Lapworth),  P, 
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Alkaline  hydroxides,  and  ammonia,  re- 
lative  strengths  of  the,  as  measured 
by  their  action  on  cotamine  (DoBBlE, 
Lauder,  and  Tinkler),  P.,  279. 
Alkaloids,  relation   between  absorption 
spectra  and   chemical  constitution  of 
(DoBBiE  and  Lauder),  T.,  605  ;  P., 
7. 
Alkylation     of    sugars    (Purdie    and 
Irvin'e),»T.,    1021;   P.,    192 ;  (Pur- 
die and   Bridgett),  T.,   1087  ;   P., 
193. 
Alkylthiocarbamic  acids,   imino-,   new 
synthesis   of  (Dixon),    T.,    550;   P., 
104. 
Allophanic  acid,  thio-,  salts  of  a  mer- 
captoid  form  of  (Dixon),  T.,  550  ;  P., 
104. 
Aluminium    hydroxide,    compound    of, 

with  dextrose  (Chapman),  P.,  74. 
Amides,    action     of    hypobromites    on 
(Lapworth     and     Nicholls),     P., 
22. 
Amines,  freezing  point  curves  of  binary 
mixtures  of  phenols  and   (Philip), 
T.,  814  ;  P.,  143. 
primary,     test     for    (Penton),     T., 
!  187. 

'   Aminoamidines     of     the     naphthalene 
j       series,  isomeric  (Meldola,  Eyrk,  and 
Lane),  T.,  1185  ;  P.,  205. 
Ammonia  and  the  alkaline  hydroxides, 
relative   strengths  of,  as  measured 
by  their  action  on  cotamine  (Dob- 
BiE,   Lauder,   and  Tinkler),  P., 
279. 
aqueous    solution    of,    vapour    pres- 
sure of  (Perm an),  T.,   1168  ;  P., 
204. 
liquid,  action  of,  on  chromic  chloride 

(Lang  and  Carson),  P.,  147. 
action    of,    on    the    ethyl    esters    of 
olefinedicarboxylic  and    /3-keto-oIe* 
flnecarboxylio  acids    (Ruhemakn), 
T.,374,  717;  P.,  50.128. 
Ammonium,  position  of,  in  the  alkali 

series  (Tutton),  T,,  1049  ;  P.,  185. 
Ammonium  nickel  ohromate  (Briogs), 
T.,  392. 
nitrite,  the  conditions  of  decomposi- 
tion   of    (Velby),    T.,    799;   P., 
142. 
snlphate,   crystallised  (Tutton),  T., 

1049;  P.,  185. 
thiooyanate    and    thioarea*    dvnamio 
isomerism  of  (Rbtnolds  and  Weh- 
nbr),  T.,  1. 
Amyffdalia,    catalytic    racemiaatkm    of 
(Walker),  T.,  472. 
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•f,uito  bMiqjl-«*  aad  •j»>«miBobMMi>- 
pfcwBiM  (Chattawat),  p.,  67. 
4i|Mfte«yl       dMinttiro,      iaooMrio 
dMM«of,  into  propiooyl-p-Amino- 
nroploplMMM   (Obattaway),    p., 
Ii4. 
iLaili»ofl70ziM«dis«tkjlBAl«ByU« 
mU,    and    |»-chlora-,   methyl    eftcn 
(P«auiiX  T.,  1222. 
ABiliMtetriAMnMiMttkyUuloaylk 
Mid,  oMlhjl  trtw  (Perkim),  T.,  1226. 
AMai^mmrf  Uamat,  P..  88. 
Auul  e«Mrml  Meetiag,  T.,  629 ;  P., 
81. 

r,  Aneoic,  and  tin,  qoaliUtive 

or(WALKKR),  T.,  184. 
,  action  of  hydrogen  peroxide 
CO,  in  prwaenoe   of   feiroas  tolphatc 
(MoRmiLL  and  Crofts),  T.,    1285; 
P.,  208. 
n  I  iMili.    ojataUine    and   amorphous, 
MttoB  Of  water  and  of  dilute  sodium 
byd^o^  on  (Cookb),  P.,  243. 
eUeirDlytaeeatiiiiation  of  minute  quan- 
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material  (Thorfb),  T.,  974  ;    P., 
183. 
-itrmti^r  oi;  in  fuel  (Thorpb),  T., 

969,966;  P.,  182. 
aatiBfOny,  and  tin,  qoalitatire  epmra 
tkm  of  (Walur),  T.,  184. 
AiaortRtlw      See  Affinity. 
AlMdt  woifkfia,   report  of   the   Inter- 

aatioaal  Conunittae  on,  P.,  2. 
JiiiBida  {h^dnuoie  add),  redaction  of 
(OooKX),  P.,  219. 


BalRBM  akott  of  the  Chemieal  Sodoty, 

and    of    the    Reaearch    Fond.     See 

Annual  Qoaeral  Meeting,  T.,  635. 

BaaM  ia  Scottiah  ihalo  oU  (Oarrxit  and 

Smtthe),  T.,  768  ;  p.,  164. 

afllnitiea  of  aome  feeble  (Wood),  T., 

668 ;  P..  67. 
organic,  combination  of,  with  di«ortho- 
aabstitoted  benzoic  adda  (SVD- 
BOROUGH  and  RoBBKn),  P., 
286w 
action  of;  on  thcethyl  eaten  of  ole- 
ftnedicarboz^lic  and  ^-lute-ola- 
finecaubozybcadda  (RinnifAinr), 
T.,  374,  717;  P.,  60,  128. 


iMUAldehyda,  tctteo  of,  oa  oUiyl  bMB- 
oylaoetate    (ROBBilAiiiiy,    T.,    790; 
P..  199. 
BoBBRAUiaB,  aetioB  of,  on  othyl  baaa* 
yUdeoeaciteowtete,  and  oa  tthyl 
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T.,  874  ;  P.,  60. 
action  of,  on  ethTl  haawlM«iabMii« 
oylac«ute,    and    on    lla   M«Bitio* 
ilcriTatire,   on  m-nitrobeniylldeao- 
acetoaoeUte,  and  on  M-aitroboaByl* 
ideoemalonato     (Robbmaxm),     T., 
719  ;  P.,  128.  . 
action     of,    on    oleflnic    /Miktteaea 
(RuRRMAMN),  T.,  1871  ;  P.,  949. 
Bensbeniylamida,    imide    chkxida    of 

ILani.ek),  T.,  326;  P.,  16. 
Bensbensylmethyl-  and   -ethyl-aaidea 

(Lanukr),  T.,  408;  P.,  46. 
Beaaeae,  chemical  dynamics  of  Uie  rv- 
actions  between  chlorine  and,  undrr 
the  influence  of  diflerent  catalytic 
agenta,  and  of  light  (Slator),  T., 
729  ;  P.,  135. 
and  carbon  tetrachloride,  vapour  praa- 
sures  and  boiling  points  ol  mixtoras 
of  (Young  and  KoRTBT),  T.,  60 ;  P., 
216. 
and    toluene,    rapour    preasnraa   and 
boiling     points     of     mixtnrea     of 
(YouMG  and  Fobtbt),  T.,  68. 
deriTativea,  isomeric  change  in  (Ob- 
ton),  T.,  796  ;  P.,  161. 
haloids,  influence  of  nitro-groupe  on 
the  nsactivity  of  (Lafwurth),  P., 
23. 
ifrinitro-,    additive    compounds   of, 
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thylamines  (HiSBRRTand  Sudbob* 
!  orou),  T.,  1334  ;  P.,  226. 

Benaeneaso-3  naphthol,  2:4:6-lrjblPaM»- 
and  2:4-<<tchloro-  (Obton),  T.,  808 ; 
P.,  162, 

l.pbM7l-9-mathjl-6-iyr- 
4*biomo*  and  4-chloio-  (Lap- 
WOBTH),T.,  1124;  P.,  149. 
iMflmadiaaoaiBBi  hydroxidaa,  tha  ooa- 
ditiooa   influencing   the    intsfohaaga 
of  halogen  and  hydroxyl  in  (Obtov), 
T.,  796;  P.,  161. 
BaBMtkjUadia,  imids  ehloridoof  (Lan- 

OBB),  T.,  820  ;  P.,  16. 
iMsiilao,     9:8'.4i<ohloro-,     diaaoaiaai 
■alt,  actioe   of  boat  on  {Caoi),  T., 
690;  P.,  186. 


methyl  and  -othyl  ttboiB,o- 
diloro-  (La.mobb  and  JawaoB),  T., 
767;  P.,  160. 

MiBHtbjIamiit     o-ebkro-   (Landbb 
and  Jswaoii),  T.,  768 ;  P.,  160. 
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Benzoic  acid,  bromo-,  nitro-  and  hydr- 
oxy-derivatives  of,  acid  salts  of,  and 
the  effect  of  water  and  alcohol  on 
them  (Farmer),  T.,  1442;  P., 
274. 
isomeric  m^mo-  and  efi-chloro-,  men- 
thy!  esters,  rotation  of  (Cohen  and 
Brioos),  T.,  1213;  P.,  207. 
2:4-dihydroxy-.       See       /S-Resorcylic 

acid. 
3:4-dihydroxy-.      See    Protocatechuic 
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Benzoic      acids,      di-ortho-substituted, 
formation   of  salts   of,   with   organic 
bases    (Sudborouoh  and    Roberts), 
P.,  286. 
Benzophenone,  o-  and  ^amino-,  benzoyl 
derivatives  of,  from  dibenzanilide 
(Chatiaway),  p.,  57. 
bromo-,  chloro-,  and  acyl  derivatives 
of  (Chaitaway),  p.,  106. 
IBenzozyoamphene,  formation  of  (Lees), 

T.,  145. 
Benzozyolefines,    formation  of   (Lees), 

T.,  145. 
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of    benzaldehyde    on     (Ruhemann), 
T.,  720;  P.,  128. 
Benzoylaoetone,  action  of  7n-nitrobenz- 
aldehyde      on      (Ruhemann),      T., 
1376;  P.,  246. 
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and  its  ethers  (Forster),  T.,  98. 

Benzoyldiphenyldihydropyrimidone 
(Ruhemann),  T.,  722  ;  P.,  128. 

a'-Benzoyl-a-iodocamphor  (Forster  and 
Jenkinson),  T.,  537. 

aa-Benzoylnitrocamphon,  and  their  m- 
nitro-derivatives  (Forster  and  Jen- 
kinson), T.,  537. 

Bdnzo^lmnitroaocamplior  and  its  iso- 
niende  (Forster),  T.,  533:  P., 
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Benzoyltartaric  acid,  m-nitro-,  ethyl  es- 
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LAND,  Heathcote,  and  Green),  T., 
168. 

Benzc-  and  -/J-tolyl-methyl-  and  -ethyl- 
amidei  (Lander),  T.,  408;  P., 
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JV-Benzylbenzimino-ethen     (Landir), 
T.,  826;  P.,  16. 
oxidation    of,    by    atmospheric     air 
(Under),  T.,  828  ;  P.,  16. 

Bensylideneaoetoaoatio  aeid,  ethy) 
ester,  action  of  beoxamidiiie  on 
(Ruhkmann),  T.,  874,  719  ;  P.,  60, 
128. 

Btnzylideneaoetophenone,  condensation 
of,  with  i)roi)iopheuon«  (Ab£LL),  T., 
860;  P..  17. 


Benzylideneacetophenone,        m  -  nitrO' 

(Km  KM  ANN),  T.,  1377  ;  P.,  246. 
Benzylideneacetylacetone,  and  m-nitro-, 
and    the  action    of    beuzamidine    on 
them    (Ruhemann),   T.,    1373 ;   P., 
246. 
Benzylideneaminoacetone,      and       the 
action  of  acids  on  (Ruhemann),  T., 
378  ;  P.,  50. 
Benzylideneanilineacetoacetic         aeid, 
ethyl     ester,     preparation    of    (MoR- 
RELL  and  Bellars),   T.,  1292;  P., 
209. 
Benzylidenebenzoylacetic    acid,     ethyl 
ester,   and    //i-uitro-,    preparation  of, 
and  action  of  benzamiaine  on  (Ruhe- 
mann), T.,  720;  P.,  128. 
Benzylidenebenzoylacetone,    compound 
of,  with  benzaniidint',  and  it^j  w-uilro- 
derivative(KrnEMANN),  T.,  1376  ;  P., 
246. 
Benzylidenebenzyl    cyanide,   condensa- 
tion of,  with  hydrogen  cyanide  (Laf- 
WORTH),  T.,  998  ;  P.,  189. 
Benzylidenebisbenzoylacetic  acid,   and 
7/i-nitro-,    ethyl  esters   (Ruhemann), 
T.,  717,  1372;  P.,  128. 
Benzylidenebisbenzoylacetone     ( Re  he- 

MANN),  T.,  1376  ;  P.,  246. 
Benzylidenedeozybenzoin,  m-nitro- 

I        (lU-HEMANN),  T.,  1378;  P.,  247. 
<   Benzylidenemalonic  acid,    ethyl    ester, 
I  action   of  benzamidiue   on   (Ruhk- 

I  MANN),  T.,  374;  P.,  50. 

j       m-nitro-,  ethyl  ester,  and   the  action 
of   benzamidine  on    (Ruhemann), 
T.,  723;  P.,  129. 
Benzylidenepropiophenone,      condensa- 
tion  of,  with   aoetophenone  (Abkll), 
T.,  360;  P.,  17. 
a-Benzylmethylaoetic     aeid,   resolation 
of    (Kippino     and     Uuntkb),     T., 
1006. 
Berberine,  relation  between  the  absorp- 
tion spectra  and  chemical  straotare 
of,   corydaline,   and   other  alkaloids 
(DoBBiB    and    Laudxr),    T.,    605 ; 
P.,  7. 
Bisditolylozy{>opropyl  phosphites 

(Hoyd),  T.,  1139;  P.,  202. 

Bianaphthaketocoomarui  (Ruhjcmann), 
T.,  1188  ;  P.,  202. 

Bisnaphtharonyl,  reiluction  of  (Ruhe- 
mann), T.,  1138;  P.,  202. 

Boiling  points  and  vapour  pressures  of 
mixed  litiuids  (YouNO  and  Fobtkt), 
T.,  45  ;  (VoiNo),  T.,  68. 

Borio  anhydride,  ftised,  behsyionr  of 
metallic  oxides  towards  (BUROBM  and 
Holt),  P.,  221. 
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tMNi  of  mitaute  aiuatati«  of  aiMiiie 

Ui  (TroarB),  T.»  974  ;  P.,  189. 
liBMB  Wnar»   omImw   iwiioiidt  m 

«    piodttot    of   oonboftioB   hij   ih« 

(Taom>s),T.,318;  P.,  14. 
BrntMOlMrhoxyUeMidt.  SaeDimstbyl 

•aecinic  acitla. 
B»tiM  —1!  tritrtagyUe  mU,  ••bromo- 

and  o-ioda^,  etkjl  ottacv  (SiuutEaAD 

and  KMTBariBLD),  P.,  88. 
BMlm^^vmdnmty  oolo«red  ooBatitnanta  of 

ill  "     138  ;  (Hpmmbl  and  Pbr- 

K  4. 

BaUiii    v.vHMBL  and    Pbekik),    P., 

134. 
l<ri. -ImtylplMatl      and      2:8-4ltfaromo- 

(LnriB),  T..  3i9  ;  P..  41. 

44<HL.lmtjl»lMMl-«-fulplkoai«  aeid.  J 
faiomo-,  potaauom  salt  (LbwisV 
880 ;  P.,  41. 

Bya  Uwt,  chaagea  in  the,  P.,  199. 


uoOaaiyhoUtftasa  (Pbreix  and  Thorps), 

P.,  61. 
i-«Caaphol7tie  add  (Psrkin),  T.,  853. 
g-CaMpholytic  acid,  bromo-,  ethyl  eater 

(PRRKIN),  T.,  880. 
CaaphMT     diaolphide,     preparation    of 
(LowRT  and   Doninoto.n),  T.,  482  ; 
P.,  57. 
Caaphor,     /lbioiDo>«'-nitn»-,    and    ita 
pjeodo-form  (Lowrt),  T.,  980;   P., 
129. 
nitro-,  and  ita  deriTatiTet  (Lowrt), 
T.,  963  ;  P.,  129,  158. 
sptmtaoeous       decompoattkni       of 
(Lowrt),  P.,  129. 
»«(initroao-.    anhydride    and     ateieo- 
iaomaridi  oT  (Forstbr),  T.,   530 ; 
P..  97. 
CaantertRlaflM,  eoodtfiaatian  of,  with 
hydrogen  cyanide,  and  the  eflect  of 
catalytic   agenta    on    the    reaction 
(Lafwortb),  T.,  998  ;  P..  189. 
dioximee  of,  and  their  peroxide  (Fork- 
TBR),  T.,  514  ;  P.,  97. 
Caaifkor-Z^tldol  and  ita  salto  and  acetyl 
and  bensoyl  deriratirea  (Lowrt  and 
DoifWOToN),  T.,  479;  P.,  57. 
aef^MASamphorylhydrozy  lamina 

(Lowry),  T.,  958  ;  P.,  129. 
Camphoryloxiaa,  /8-  aad  vbromo-,  and 
their  acetyl   and  benzoyl   deriratirea 
(Lowrt),  T.,  966;  P.,  130. 
CaaphoryloziBe-aahydrida     (Lowet), 
T.,  957  ;  P.,  156. 


OMifhyUa  aalia,  ••  aad  $-,  |tf«para- 
tioB,  oonatitatiott,  and  aaparatioa  of, 
aad  their  darivatiraa  (Pbuum),  T., 
885. 
OarbaiBlda,  fonaatiM  of,  by  the 
hydrolyaia  of  laad  cyaaata  (<  >  v 
wo),  T.,  1891 ;  P.,  §74. 
diaeociarion  constant  of  (Wauukb  aad 
Wood),  T.,  490;  P.,  87;  (Wood), 
T.,678,  P.,  88. 
hydrochloride,  hydrolyaia  of  (Walbbr 

and  Wood),  t.,  484  ;  P.,  67. 
Seealao  Urea. 
Oarbamida,  thio-.     See  Thiocarfaaaida. 
Oarbaselaa,    formation    of    (J Apr   aad 

MArrLANiO,  T.,  287  ;  P..  19. 
Carbimidet,  thio-.     See  Thiooarbimidea. 
Carbohydratea,  action  of  hrdrogaa  per* 
Mxule  oil,  in  preaenoe  of^ferroaa  aol- 
phate  (MoRRBLL   aad   Oropts),  T., 
1284  ;  P.,  208. 
Carbon  («<rachloride  and  betizcae,  rapoar 
pressures    and     boiling    pointa  of 
mixtarea  of  (TouNO  and  Fortbt), 
T.,  80. 
monoxide  a  prodact  of  combustion  by 
the  Bnosen  bomer  (Tborpb),  T., 
318;  P.,  14. 
combination  of,  with  chloriae,  oader 
the  inflnence  of  light  (Dtbox  and 
Harden),  T.,  201. 
onion    of,   with    oxygen,  and    the 
drying  of  gases  by  cooling  (OlR> 
VAJi),  P.,  236. 
<2M>xide,  state  of,  in  aqoeoos  solotioa 
(Walrbr),  T.,  182. 
Carboayl  eUarida,  action   of  laatallk 

thiocyanates  on  (DixoB),  T.,  84. 
p^^mtinitt  aeid  and  iU  aalta  (Pbrbin  aad 

WiLBOS),  T.,  188. 
Caro's  acid,  composition  of  (Pricb),  T., 

543 ;  P.,  107. 
Carpiaia   add,    bromo-  (Jowbtt),  T., 

488;  P.,  58. 
Oallaloia,  action  of  inoryuic  adds  oa 

(OoaTLiNo),  T.,  190. 
ClMMiaal  oonatittttion  of  ooiydalina,  bar* 
berine,  and  other  alkaloida  in  re- 
lation to  their  abaorption  ipaetra 
iDoBBiB  and  Laudbb),  T.,  805 ; 
^7. 
of  landanine  and  landanndna  ia  !•• 
latioa  to  their  abaorptka  spaetsa 

iDoBBiB  aad  Laudbb),  T.,  828  i 

dyaamioB.    8ae  nadar  AAaity. 
Chlada  add,  iatsnetioa  oi,  with  hydr- 
iodk  add  (McCbab),  P.,  228. 
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Chlorine,  chemical  dynamics  of  the  re- 
actions between  benzene  and,  under 
the   influence  of  different  catalytic 
agents  and  of  light  (Slator),  T., 
729  ;  P.,  135. 
combination  of,  with  carbon  monoxide 
under  the  influence  of  light  (DvsoN 
and  Harden),  T.,  201. 
Chlorine  water,  distillation  of  (Richard- 
son), T.,  380  ;  P.,  89. 
Cholesterol  (Pickard  and  Yates),  P., 

147. 
Chromates,  a  series  of  double  (Brigos), 

T.,  391. 
Chromic    chloride,   action    of   liquefied 
ammonia  on  (Lano  and  Carson), 
P.,  147. 
action    of,    on    methylamine    (Lano 
and  Jolliffe),  P.,  147. 
Chrysophanic      acid,     constitution      of 
(JowETT  and  Potter),  T.,  1327  ;  P., 
220. 
Cinnamene.     See  Styrene. 
Cinnamio  acid  c^ibromide,  and  its  esters, 
action  of  alkalis  on  (Sudborough  and 
Thompson),  T.,  666,  1153;   P.,  106, 
2U4. 
Cinnamio  acid,  isomeric  a-bromo-,  forma- 
tion, separation,  and  transformation 
of  (Sudborough  and  Thompson), 
T.,  668,  1155  ;  P.,  106. 
isomeric  /3-bromo-,   and    their  esters 
(Sudborough  and  Thompson),  T., 
1153;  P.,  204. 
isoCinnamic  aoid,  Michael's,  attempts  to 
prepare  (Sudborough  and  Thompson), 
T.,  1165;  P„  204. 
Cinnainomum    pedcUinervium     of   Fiji, 
oil    of    (GouLDiNo),    T.,    1093;   P., 
201. 
Citronella  oil,  estimation  of  the  adulter- 
ant in  (Bamber),  p.,  292. 
Cobalt  talti, colour  changes  in(HARTLEY), 

T.,  401 ;  P.,  49. 
«CoUidine.         See       2:4:6-Triraethyl- 

pyridine. 
Colonr    changes    in    some  cobalt    salts 

(Hartley),  T.,  401  ;  P.,  49. 
Colouring  matter,   Ci7Hx90g,  from  the 
JaiMinese  dyestuff  "  fukugi  "  (Perkin 
and  Phipfs),  p.,  284. 
Colouring  matters,  natural  (Perkin  and 
Phipps),  p.,  284. 
phenolic,  reaction    of    (Perkin    and 
Wilson),  T.,  129. 
Combustion,  the  mechanism  of  (Arm- 
strong), T.,  1088  ;  P.,  201. 
proooMes.  apparatus  for  slow  (Bone 
and    Wi  ""       "^ 


l»l. 


^HIBLKR),    T.,      1076;    P., 


I   Corydaline,  relation  between  abeorption 
spectra  and  the  chemical  constitution 
of,    berberine,    and    other    alkaloids 
(Dobbie  and  Lauder),  T.,  605;  P., 
7. 
Corynooarpin    from      the    karaka    tree 
(Easterfield      and     Aston),     P., 
191. 
Cotamine,    constitution    of    (Dobbie, 
Lauder,  and  Tinkler),  T.,  598  ; 
P.,  75. 
relative    strengths    of    the    alkaline 
hydroxides    and     of     ammonia    as 
measured  by  their  action  on  (Dob- 
bie, Lauder,  and  Tinkler),  P., 
280. 
Cryosoopy,    studies     on      comparative 

(KoBEKTSON),  T.,  1425  ;  P.,  223. 
Carcuminand  its  potassium  salt  (Perkin 
and  Wilson),  T.,  140. 
formula  of,  and  its  benzoyl  derivative 
(Perkin  and  Phipps),  P.,  285. 


D. 


Daphnetin     and     its     potassium     salt 

(Perkin  and  Wilson),  T.,  134. 
Decomposition.     See  under  Affinity. 
Density    of   nitric    oxide    (Gray),    P., 

66. 
Deoxybensoin,      action      of      m-nitro- 
benzaldehyde    on    (Ruhemann),    T., 
1377  ;    P.,  247. 
Desylaoetio  acid(JAPP  and  Michie),  T., 

283;  P.,  21. 
a-Desyli5obutyrie      acid      (Japp     and 

Michie),  T.,  308. 
a-Desylenepropionio    aoid    (Japp    and 

Mil  HIE),  T.,  279;   P.,  21. 
a-Desylpropionic  aoid(JAPPand  MiCHls), 

T.,  299. 
Dextrose,  mutarotation  of,  as  influenced 
by  acids,  bases,  and  salts  (Lowrt), 
T.,  1314  ;  P.,  166. 
action  of  hydrogen  peroxide  on,    in 
presence  of  ferrous  sulphate  (Mor- 
RRLL  and  Crofts),  T.,  1290;    P., 
208. 
synthetical  action  of  m  maltase-oon- 
taining    yeast    extract,     of    taka- 
diastase,  and  of  pancreatic  ferments 
on  (Hill),  T.,  678;  P.,  99. 
methyl  ethers  of  (PuRDiRand  Irvine). 
T.,   1021  ;  P.,   192  ;   (PuRDiB  and 
Bridoett),  T..  1037 ;  P.,  193. 
compound  of,  with  aluminium  hydr- 
oxide (Chapman),  P.,  74, 
Dianilinoglyozimedimethylmalonylie 
acid  and  (/i-jt>-chloro-,  methyl  esters 
(Perkin),  T.,  1222. 


INDKX  OP  tUBJKrrB. 
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(liMoaiain  «Ut,  MtioB  of 
liMi  on  (Cain),  T.,  era :  I*..  1S6. 
Ptirtaw,    malt,  action   of.  on    potato 
•taroh  pasta  (Datu  and  Luio),  P., 

Waaa  tif  will,  raU  of  daooupoaitioii 
otifiAUK  ami  NiooLL),  T.,  Sue. 
tnfloaMa  of  taaperatnia  on  tha  rata  of 
deooapoaitkm  of  (Cain  and  Niooll), 
T,  47u;  P..  M. 
DiatoaapktkalMO  tblaridaa,  «•  and  3-, 
mtr  oi  daoompoaiUon  of  (Cain  and 
h'tooLL),  T.,  S08. 
IHaawiplitkilaaaialphoaic  aeUa,  an<l 
B-hydroxy-,  rate  ol  deoompoaitkNi  of 
(Cain  and  Nicx)LL),  T.,  210. 
DiasepbeaoL    Sea  QoinoiMdiaikia. 
DUxo  r««eti«i  in   tha  d^haiMrl  aerien 
iAi>  .  r.,  W«;  P.,  IW. 

IhbezLxen7l'i:&-diaalph7dro-p-</iAmino- 

benxene    (Urkkn   ami    1'krkin),    T., 

12U7;  r.,  200. 
07  Dibenao jl /S-phenyl  -  cry-dimetliyl- 

propaaa     {AbmllU     T.,    864;    P., 

17. 
c7]Kbanso7l-/3-phaa7la-math7lprop- 

aaa    and    its    dioxiiue   (Ab£LL),    T., 

362  ;  P..  17. 
o^-Dibaasojl-Zipbenylpropaae    and    its 

dioziiiM     (ABKLL),      T.,      364 ;    P., 

17. 
DibaaijIldwanalMiiiwlM   hydrochlor- 
ide   (Rthxmann),    T.,     879;     P., 

60. 
••IHeaaipkylie     aaid     and     ita    salts 
(Perkin),  T.,  862. 

dihydrozy-,and  ita  silrer  salt  and  aoe^l 
deriratiTe  (Puulin),  T.,  864. 
IHethenyl  2:5diiiilpbydro-;7-<fuunino- 

benaene    (Gkken    aud   I'erkin),   T., 

1200  ;  l\,  206.^ 
l:8-Diethoz7plien-5-oxycinnamie      and 

-fomarie   aeida,  ethyl   esters  (Ruhk- 

MA»;,  T.,  1134;  P.,  202. 
Diathylbanaanylamidiiia,    benxoyl     de- 
riratiTe,     and     its      platinichloride 

(Landxe),  T.,  828  ;  p.,  16. 


taUU  ajnthaaia  of  (Sil- 

sd       EAtTERFlBLD),      P., 


aa-Diflmtaria 

BEREAD       1 
38. 

I>ihydrobe&xena,(iftbromo-  (CEoasLBT  and 
Haas),  T.,  604  ;  P.,  76. 


A'-^-Bihydrobanaana, 


8:5K2ichloit>- 


(CRoaaLST  and  Haas),  T.,  196 ;  P., 
75. 
Dibydroaampiolwiaanltonacarbogylia 
aeid-,  bromo-,  and  its  methyl  aadathrl 
eaters  (Habtxt  and  Lapworth),  T., 
1110  ;  P.,  148. 
LXXXUL 


]Hkydra•^  aampholrtia  aaid«  dOnomo; 

•Stan  (Prrkin),  T.,  860. 
lHkjir»Hi«Mi|Mto  mU,  triMraty, 

and  iu  mlta  and  moMaoftata(Pluts), 

T.,  866. 
Wkjif-'   and   .^-Miipliylto    adi^ 

bromo^tariTatiTaa  (Prrkin),  T.,  840. 
IMhydiv-miitNpkMylphaaylpyHmid- 

aaa.  8aa  DiphaoyldibydropyilmidoM, 

m-nitio-. 
Pihydraraaaraia,  action  of  phoapbdnu 
haloida  on  (Caoiaunr  and  Haas), 
T.,  494;  P..  76. 

hydrobromida  and  hydrochloride 
(CaoasLiY  and  Haas),  T.,  499. 
^Dikatoaaa,   olefinic,  action    of  bent* 

amidine  on  (Kuhemann),   T.,    1871 ; 

P.,  246. 
Dimathozya&hjdrofflyaofallal   and    ita 

potaaiiium  nalt  (I'rkkin  and  Wilaon), 

T.,  137. 
8:4-DiniethozybaBtoie  a«id  {dimMAyt-fi- 

reaorcylic  acid),  methyl  and  ethyl  asters 

(Perkin  and  Schibbs),  P.,  14. 
8:4-I>imethozybensoylaeetopbsBOBa 

(Perkin  and  S<hik.k.s),  1'.,  u. 
DiflMthoxybisbanaaronyl  aiid  its  reduc- 
tion    (KCHEMANN),    T.,     1182;     P., 

202. 
Dimathozybiakatoeonmanui         (Kurb* 

MANN),  T.,   1133. 

Dimethozycinnamic  aeida,/S-2:4-and  8:4-, 
and   their  ethyl   esters   (Perkin   and 

SCHIE.S«),  P.,  14. 

8:4  Dimethoxyphenyl  s/t  dftwoprop- 
ionic  acid,  ethyl  ester  (Pbrkin   and 

SCHIES.S),  1'.,  15. 

8:4-DiBiethozyphenylpropiolic  aaid 

(Pekkin  and  ScHiEttS),  P.,  16. 
Dimethylacetoacetic  aeidf  methyl  eater, 

action  of  nitric  add  on  (Pbrkin)^  T., 

1217. 
oa-DiaMthylaeetoaadiearbozylia      aaifi, 

ethvl  ester,  and  its  redaction  (PlBKlii 

and  Smith),  T.,  12. 
Dimetkylsmmoniofmdininm        chloride 

(Lano),  T.,  724  ;  P.,  125. 
PiaMthyUBhydrasitwabsBsili,  mfi-  and 

$$;  oxidaaon  prodneta  of  (Japp  and 

MicBlB),  T.,  279  ;  P.,  21. 
fte-DimetliyUBtkiMviMaM*  1:^»  S:6-, 

and  8:7«dihydro]nr*,   and    the  oioao- 

methyl  ether  namMtj^  deriratiTsa  of 

the  8:6^»mpouiid  (Jowirr  and  Pot- 

TBR).  T.,  1881;  P.,  22a 
PiBiethylbaBBeaylamidhm,  benaoyl  de- 

riTRtiTe,  and itaphtiiifahktkU  (La«- 

DXB),  T.,  828 ;  P.,  IC 


untmmHtnglit  mU^  and 


ita  ethyl 
P.,  61 


(Pbbrix  and  Tmubpb), 


i;  1 
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l:l-Dimetliyl-A'^;^-dihydrobeiuene,    3:5- 
dichloto-  (Crossljcy  and  Le  Suxur), 
T.,  112. 
Dimethyldihydroresorcin,      action      of 
pho.sphoru.s    Imloida   on    (CUUSSLEY 
and  Le  iSLEUii),  T.,  110. 
anhydride  (CuosiiLEr  and  Lb  Sueur), 
T.,  119. 
aa  Dimethylglntaconic  acids  {pentenedi- 
carboxylic  uculs),  cits-  and  trajis-,  syn- 
thesis  of  (Perkin   and  Smith),   T., 
8. 
aa-Dlmethylglutaric  acid  (penlancdicarb- 
oxylic    iicid)   from    sulphocamphol- 
enecarboxylic    acid    (Harvey    and 
Lapworth),  T.,  1113;  P.,  148. 
synthesis  of,  and  cis-  and  trans- fiy-di- 
bromo-  and  /3-hydroxy-  (Perkin  and 
Smith),  T.,  8. 
a/3-Dimethylglataric    acids    {pentanedi- 
airboxylic  acids),  cii-  aud  trails-^  and 
their  derivatives  (Thoui'E  and  Young), 
T.,  351. 
l:2Dimethylglyozaline    and    its    salts 
(JowE-rr  and  PoriER),  T.,  469 ;  P., 
66. 
l:4-(or  l:6-)Dimethylglyoxaline  and  its 
salts       (JovvETT),     T.,     445;     P., 
56. 
preparation  and  properties  of,  and  its 
salts  and  dibromo-derivative  (Jow- 
ETT    and    Potter),   T.,   464;    P., 
66. 
Dimethylmalonamic  acid,  methyl  ester 
and   its   calcium    salt  (Perkin),    T., 
12'21. 
Dimethylmalonamide     (Perkin),      T., 

1221. 
Dimethylmalonanilicacid,  and/>-chloro-, 

Mjethyi  esters  (Pekkin),  T.,  1222. 
jj^'-Dimethylphenylformaiylcarboxylic 
acid,  mentnyl  ester  (L\i*worth;,  T., 
1125;  P.,  149. 
a/30imethylpropanetricarboxylic     aeid 
{j)enkiiieirtcartfoxylic    acid)     (Thorpe 
and  YoUNo),  T.,  368;  P.,  248. 
1:3  Dime thylpyraiole,    preparation  and 
proiHjrties    of,   and   its  salts  and  di- 
bromo-derivative (JowETT  and    Pot- 
ter), T.,  464  ;  P.,  66. 
ftS-Dimethylpyridine  from  Scottish  shale 
oil  and  its  salts  (Garrett  aud  Smyth  e), 
T.,  704  ;  P.,  164. 
aa-Dimethylsaoeinic  aeid  {huiaiudiearb- 

ojylii-  mud)  (I'kkkin),  T.,  845. 
aa  Dlmethylsacoinio  aoid   {btUamdicarh' 
weylic  add),    bromo-,    preparation  of, 
aud  action  of  diethylauiiiue  on  (BoNB 
aud     Henbtock),     T.,     1888;     P., 

DiBMthylTiolarie  aeid,  action  of  barinm 
hydroxide  on  (Whiteley),  T.,  18. 


Dinaphthaearbasoles,sl:2-,andl:2:2':l'- 

(Japp  and  Maitlamd),  T.,  278;  P., 

19. 
Oioximes,  behavioar    of,    with    ferrous 

sulphate  and  alkali  (Whiteley),  T., 

27. 
Oiphenoxyisopropylphosphorons      acid, 

salts  (lioYD),  T.,  1137. 
Oiphenyl  and   4:4'-dihydroxy-,  halogen 
derivatives  of  (Cain),  P.,  284. 

3 :3'-dichloro-4 :4'-dihydroxy-    (Cain), 
T.,  691  ;  P.,  137. 
Diphenyl-A'-crotolactone      (Japp     and 

MicHiE),  T.,  2«8. 
Diphenyl-4:4'-dicarboxylic  acid,  3:3'-rft- 

chloro-  (Cain),  P.,  2S4. 
Diphenyldihydropyrimidone,     and      its 

car  boxy  lie   acid,   ethyl  ester  (RuHX- 

MANN),  T.,  374  ;  P.,  50. 
Diphenyldihydropyrimidone,      7;i-nitro-, 

aud   Its   carboxylic  acid,    ethyl  ester 

(RUHEMANN),  T.,  719;  P.,  128. 
^7-Diphenyl-aa-dimethylbatyTie       acid 

(Japp  and  Michie),  T.,  311. 
2:3-Diphenyl-l:ldimethylbatyrolactone 

{y-hydroxy-^y-dipheJiyL-aa-dimethyl' 

butyric  acid,   lactoTu  of)  (Japp    and 

MicHiE),  T.,  311. 
2:3-DiphenyM:l-dimethyl-A'^-crotolact- 

one  (Japp  and  Michie),  T.,  308. 
a'/3-Diphenyl-aa-dimethyl-a'/i^xidoglat- 

aric    acid   and    anhydride,    and   the 

action  of  pheuylhydrazine  on  the  acid 

(Japp    and    Michie),    T.,  307 ;    P., 

22. 
4:5-Diphenyl-l:3-dimethylq^c/opentan- 

one-2,  l:4:5-trihydroxy-,  aud  its  reac- 
tions (Japp  and  Michie),  T.,  295  ;  P., 

21. 
4: 6  -  Dipheny  1  - 1 : 3-dimethylcy«^openten - 

one-2  (Japp  aud  Michie),  T.,  303. 
2':3'-Diphenyleneindole.    See 9:10Pheu- 

anthracarbazole. 
Diphenylmaleio  aoid  (Japp  aud  Michib), 

T.,  279. 
2:3-Diphenyl-l-methylA'-orotolactone 

(Japp    aud    Michie),   T.,    280  ;    P., 

21. 
DiphenylmethyldihydropyrimidJBO,  and 

m-amiuo-  aud  lu-uitro-  (Ruubmann), 

T.,  1374  ;  P.,  247. 
a'/SIhphenyl  amethylglatarie        aeid, 

a'^-dihydroxy-  (Japp  and  MiCHiB),  T., 

281  ;  P.,  21. 
Diphenylphosphorio    amidine  (Cavbn), 

T.,  1048  ;  P.,  200. 
Diitociation  oonstanta  of  triniethylene- 
carboxylic  acids  (Bon Baud  Spkank- 
UNO),  T.,  1378  ;  P.,  247. 

of  urea  (Walker  and  Wood),  T., 
490;  P.,  67;  (Wood),  T..  676; 
P.,  68. 
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1:6  Ditalpkido  ami  -DUmlplirdro  j»- 
pkcaylMM^iaaiBM  (Qkbix  and  Pu* 
KIN),  T.,  1208;  v.,  S06. 

«Qly«tol dilolyl  •Umib. 
Dl  i»  ulylykMpktfiA  ftaiiiM  (Cavbk), 

r .  \oi»i  \\,  joi. 
Dii4>lyliJupr«pjlpkotplioroaa  Midi  and 

Uieir   mXU   (Botd),   T.,    1138;    P., 


Vtrmkim,  oU  of  (Kamxtaka), 
T.,  1042;  P.,  200. 
IlaoBftrnria  mU,  w  called,  oomposi* 
tion  of  (K^MXTJ 


t.fa 


iMMiylMlytU  mU  (PbuiikK 


orUMl'tBMllMd 
(PiMLtJi),  T.,   1M7; 


•Cfai 


aoo. 


PAKA),  T.,  1042;   P., 


•MiAiftiyttj   of  sobttancea 
dJMolTwt  in   ocrtain    liquefied    gaaea 
(Stoli  and  MclHToeH),  P.,  220. 
lUetroljtie    oxidation     of    pyrogallol 
(A.    O.  and  F.   M.  Psrkin),  P., 
68. 
radnetioB   of    pheno-    and    naphtha- 
motBholonea  (Lbbb  and  Shxddxn), 
T.,750;  P.,  1S2. 
BUafie   ftaii,  and   its  potaiiiinm    aalt 

(Pkrkin  and  Wilm>n),  T.,  133. 
"Bwm^^im    ocMMtitiition  of,  and  its  mono- 
methyl  ether  and  diaoe^l  derivative 
(Jownr  and  Pottib),  T.,  1327  ;  P., 
220. 
InsjMtMtiHi,  atodiea  on  (Armstbono), 
T.»1806;  P.,   209. 
rsTsnihaity  of  (Hill),  T.,  578;  P., 
99. 
XHMftts,  eetimation  of  ethyl  alcohol  in 
fTBORPB  and  Holmes),  T.,  314;  P., 
18. 
gth  aned  inethy Imalonylic   acid,    afi-di- 
nit«>-,    methyl    ester   (Prbkin),   T., 
1220. 
gthanyWiawinmnphthalenii      (methyl' 
napAlkimimtmuU)  and  ita  salts,  and 
ita  J^-mediyl  and  3r-ethyl  derir- 
atires  and    their  salts  (Mxloola, 
Rrmi,  and  Lanb),  T.,  1190;   P., 
206. 
(Pbaoxb's)  and  its  JV-ethyl  deriratiTe 
and  their  salts  (Mblik>la«  Etrb, 
and  Lavx),  T.,  1190  ;  P.,  205. 
ITilMijUrfti^fBWiplithilain     and     its 
salts,  and  the  A^thyl  deriratXTe  of 
the  acetyl  oomponnd  and  its  salu 
(ICXLDOLA,  Etbb,  and  LBi*),  T., 
1185 ;  P.,  206. 
(Mabkfkldt's),   its   formation    from 
its  isomeride  and  its  salts  and  derir- 
atiTes  (MXLDOLA,  Ktbb,  and  Lanb), 
T.,  1198  ;  P.,  205. 


of 

P.. 

Ethyl 

and  m<>didnal  prspaimtioos  (TMOmm 
and  lIoLMBi).  T.,  814  ;  P.,  IS. 

of    methyl    aleohol     in 
of  (Tbobtb  and  Uoi 
'.,  286. 

Itkyl  •hloroaarbMBU,   action   of,  on 
thiooarbamidea  (Dixox),  T.,  660  ;  P., 
104. 
.V-Bthyl-o-aminophenol      (Lbbi      and 

Shbodb.\),  T.,  756  ;  P.,  182. 
Sthylbensene  and  tolnene,  vapour  pnee- 
suras  and  boiling  points  of  miztorss  of 
(YouNo  and  Fobtbt),  T.,  52. 
A'-Bthylbeniiaino^thers  (Labdbb),  T., 

3-20  ;   v.,  1(5. 
Ethylenedicarboxylic  add.    See  Fom- 

she  add. 
Xthylanedimethylmalonylie  add,  a3^<- 
nitroso-,  methyl  ester  (Pbbkix),  T., 
1221. 
Engenol  and  ita  methyl  ether  from  the 

Fiji    (OouLDixo),     T^,    1097 ;     P., 
201. 
EztraordinAry   General    Meeting,    P., 

1»9. 


Fodder    plants,    hydrocyanic    add   in 

(BbOnmicb),  T.,  788  ;  P.,  148. 
Fraetionator,    new     (Silbbbbad    and 

Eastbrfiklii),  p..  39. 
FreettBg  point  eonraa  of  binary  mixtnies 

of  phenols  and  amines  (Philip),  T., 

814  ;  P.,  143. 
Friedel-Crafts'      raaetiM,      dynamical 

study  of  the  (Stbblb),  T.,  1470  ;  P., 

209. 
d-Trwttom.    See  Lsevnloee. 
Fuel,  estiauttion  of  arsenis  in  (Thobtb), 

T.,  909,  986;  P.,  182. 
FMBBila  BBJ*  {dk^int^tm^wpiif  meid^ 

chloro-,  ethyl  ealer,  aettai  ^  om  nht- 

ciool  methyl  ether  and  on  phloimdB- 

dnol  diethyl  ether  (Kithbiiavii),  T., 

1132 ;  P.,  201. 
FBryldihydralittitMdiwirWByUe  add, 

ethyl   ealsr   (Rvhbmajix),  T.,  878; 

P.,  50. 
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Oalangin,    potassium   salt    and   methyl 

ether  of  (Perkin   and  Wilson),  T., 

135. 
Oallacetophenone,   metallic    salts,    and 

methyl  ethers  of  (Perkin  and  Wilson), 

T.,  129. 
Oallein  and  its  potassium  salt  (Perkin 

and  Wilson),  T.,  141. 
Gas,    natural,     at    Heath  field,     Sussex 

(Dixon  and  Bone),  P.,  63. 
Glucose.     See  Dextrose. 
Glucoses,  o-  and  fi-,  correlation  of,  with 

the    stereoisomeric    o-    and    )3-gluco- 

sides   (Armstrong),   T.,   1305;    P., 

209. 
Glucosides,   stereoisomeric    a-    and    /3-, 

correlation  of,  with  the  corresponding 

glucoses  (Armstrong),  T.,  1305;  P., 

209. 
Olutario  acids,  substituted,  separation  of 

the  CIS-  and  trans-  forms  of  (Thorpe 

and  Young),  T.,  358  ;  P.,  248. 

Glyazinedihydrotetramethyldimalonylic 

acid,  methyl  ester,  lactone  of,  and  its 

semicarbazone  and  oxime  (Perkin), 

T.,  1229. 
Glyazinetetrahydrotetramethyldimalon- 

ylic  acid,  dilactone  of  (Perkin),  T., 

1230. 
s-Olycerol  ditolyl  ethers  and  the  action 

of  phosphorus  trichloride  on  (Boyd), 

T.,  1135  ;  P.,  202. 
Olyoziineperozidedihydrotetramethyl- 

dimalonylic  acid,  methyl  ester,  and 

its  carbazono  (Perkin),  T.,  1230. 
Olyoximeperoxidetetramethyldimalon- 

ylic  acid,  methyl  ester,  physical  pro- 

IKjrties  and  reactions  of  (Perkin),  T., 

1219. 
Olyozimetetramethyldimalonylic    aeid, 

methyl  ester  (Perkin),  T.,  1230. 


Hftlogen,  interchange  of  hydroxyl  and, 
in  benzeucdiazonium  hydroxides 
(Orton),  T.,  796;  P.,  161. 

Halogena,  action  of,  on  comi>ounds  con- 
taining the  carbonyl  group  (Lxr- 
WOKTH),  P.,  188. 

H*ip«riti]i,  formula  of  (Perkin  and 
Pmi'ps),  P.,  284. 

Hexahydropyromellitio  aeid.  See 
Hoxametiiylenetetracarboxylic  add. 

Kaiamethylammoniooadaiiaiii  chloride 
(UNO),  T.,  724;  P.,  126. 


Hexamethyleneoctacarboxylic  aeid  and 
its  ethyl  ester  and  Siilts  ((Jiiegoky  and 
Perkin),  T.,  783  ;  P.,  164. 
ci^-Hexamethylenetetracarboxy-dianilic 
acid     and      dianil     (Giuegory    and 
Perkin),  T.,  787. 
Hexamethylenetetracarboxylie        aeid 
{Jie.rahydro])yromellitic  acid),  cis-  and 
trails-,  and  their  anhydrides  (Gksuoby 
and  Perkin),  T.,  784  ;  P.,  164. 
72-Hexane  and  ti- octane,  vapour  prearares 
and    boiling    points    of   mixtures    of 
(Young  and  Jortey),  T.,  56. 
Hexanedicarboxylic     acid.       See   007- 

Trimethylglutaric  acid. 
Hexanetricarboxy  lie  acid.  See  Dimethyl - 

butanetriairboxylic  acid. 
Hexylenedicarboxylic   acid.      See  007- 

Trimethylglutaconic  acid. 
Hops,  essential  oil  of  (Chapman),  T., 

505  ;   P.,  72. 
Homulene  from  hops  (Chapman),  T., 

505;  P.,  72. 
Hydrazoic  acid.     Sec  Azoimide. 
Hy  drindamine  bromocamphorsul  phonate, 
a-moditication,   resolution  of  (Kip- 
ping), T.,  873. 
cis-x-camphanates,  d-  and  /-  (Kipping), 

P.,  286. 
d-chlorocamphorsulphonateSjNRiR^H,, 
the    four    isomeric  (Kipping),   T., 
902  ;  P.,  164,  166. 
(2Z-Hy  drindamine     e^-bromoeamphorsol- 
phonate,  /3-modification,    resolution 
of  (Kipping),  T.,  889. 
el-bromocamphorsolphonates,   Lsoroeric 
(Kipping),  T.,  873,  88»,  987 ;  P., 
167. 
(i^-chlorocamphorsulphonatea,  iBomeric 
(Kipping),  T.,  902,  937 ;  P.,  164, 
166. 
Hydriodic    acid,    interaction    of,    with 

chloric  acid  (McCrai),  P.,  226. 
Hydroohlorio  aeid,  absorption  spectrum 

of  (Hartley),  T.,  287. 
Hydrocollidinediearbozylio  aeid,  ethyl 
ester     (Ruhkmann),    T.,    378;     P., 
60. 
Hydroeyanio     aeid     in     fodder-plants 
(BrOnnich),  T.,  788  ;  P.,  148. 
reactions  involving  the  addition  of,  to 
carbon  compounds  (Lapworth),  T., 
995  ;  P.,  189. 
Hydrogen  nitride.    See  Aioimide. 
peroxide    reaotioiia  of  (McLachlan), 
P.,  216. 
•otion  of,  on  oarbohydnitM  in  pre- 
tence of  ferrou  salphato  (Mor- 
EILL  and  Orofts),  T.,  1284 ;  P., 
208. 
interaotiOD  of,  with  ok»im  (Inolis), 
T.,  1018;  P.,  197. 
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SjArvsyl,  ialMdHasi  of  lulogii  tad, 
in  btnjeoodiaaoaiitM  h]rdroKU«i 
(0«TON  !».,  HI. 

radiolc*,   •>  .if  (lllBBBAT  Mill 

St'DWKOUOii),  r.,  S85. 
HjdrozylABiMi  wHiiiirton    of  (Jonbh 
ami     C4EriicTmKK    T.,     ISM;    P., 

HjdTttjUMiMtriralfhflMlM 

»)  (Haoa).  p..  281. 


I. 


(Bahbit),  P.,  194 


curroMon     of     an 


formation  of  (Lavdbe  and 
Jiwaojc).  T.,76«;  P.,  160. 
tynthmiM  of  (Lakdbr),  T.,  320;  P., 

15. 
X-anbatitatod,    molocolar 
raeot  of  (Lakdbb),   T.,   406; 
45. 
laUTBAtioBal     Oaagraai    of     Applied 

Cbeadatnr,  P.,  44. 
Iraa,  fthwniral  reacdona  invoWed  in  the 
raattnK    of     (Du::8TAM),    P.,     150; 
(MoooT),  P.,  157,  289. 
laoaMTiAaa,     dynamic,     aolnbility     of 
iLowBT),  P.,  156. 


EawrttTi'*^.  pouuKium  salt  of  (I^krkin 
I        u3L  Wilbok),  T..  155. 

Kaspkaral  (Pbekik  and  Phipps),  P., 

284. 
y^i^Mii  from  the  karaka  tree  (KAarxB- 

riBLD  and  AaroK).  P.,  191. 
Ketodikfiio-/>  oiwyhylk  add,  dihjdr- 

oxy.  (PBRKIK),  T..  845. 
Ketodi— tkyicictopeBtainethylaBecarb- 

ozylie  acid  (Perkin  and  Thorpe),  P., 

61. 

a  Keto  1:1  dimethyl- A^-tatrahydrobtBi* 
ene,  5bromo-  and  5-chlon>*  (Csoaa- 
LBT  and  Lb  Subub).  T.,  111. 
i:5-di',   2A:54ri;   and   2:2:4:54clm* 
bromo-  (CB068LBT  and  Lb  Subub), 
T.,  114. 
Ketome,   Ci,Hi40,  and    its    oxime  and 
aemicarbaxone,  from  the  oxid^on  of 
pinena     (HBVDBBaoif,     Gbat,     and 
Smith),  T..  1804 ;  P.,  196. 
Ketanaa,  interaction  of,  with  add  chlor- 
ides (Lbbs),  T.,  145. 
action  of  halogena  on  (Lapwobtb), 
P.,  188. 


onliodly  acUra 
«),     T..     1114; 


of     (LArwoBTfl),     T.,    1114:     P., 

149;   (Havic   and    Lapwobih),   P., 

291. 
Ealoait  aa^pauadi.  action  of  hslaya 

on  (Lapwobth),  P.,  188. 
g  lata  alatoaaayWiylto    atida,    alhyl 

catara,  aotioo  of  amoMttia  and  oraamo 

ba«aB  OQ  (RvHBMAim),  T.,  874,  717 ; 

P..  60,  138. 
rKato-A^.ttrakydrabtMWM,   i  hioBw- 

and   5-ehloro-,   and    thair   asadoarb* 

aaonas   (CRoaaLBT   aad    Haab),   T., 

494 :  P.,  76. 


/•Laetie  aaid 
inflnenea 


and    ita 


potaaaitim  salt. 


trioxidaa  on  tlta  spaciAe  rslalioM  of 

(HBNDBBaox  and  PBBimoB),  T.,  269 ; 

P.    12. 
LaVmloaa  id'/nieUm\  aotioa  of  hydrogen 

peroxide  on,   in  pwawos  af  ferrooa 

sulphate  (MoBBBLL  and  Oaom),  T., 

1290  ;  P..  208. 
Latent  heat.    See  nnder  TbarmoehaHda- 

try. 
Laodanine  and  Landaneaiaa.  abaoiptloa 

spectra  of,  in  relation  to  thair  eon- 

antntion  (Dobbib  and  Laudbb),  T., 

626;  P.,  9. 
ifoLavroBolie  aaid,  ayntheaia  of  (Pbbbix 

and  Thobpb).  P.,  61. 
Lead  eyanata,  formation  of  nita  by  the 

din:ct  hydrolyaia  of  (CuMMUCo),  T., 

1891  ;  P.,  274. 
Lif  ht.    See  nnder  Photoohemiatiy. 
Unaloal  from  the  oil  of  Cimmamommm 

jwfartwfli  iifaai  of  Fiji  (Gouldiwo),  T., 

1099;  P.,  201. 
Lipase,  hydrolysis  of  ethyl  mandelata  by 

(I)ABIK).  P.,  161. 
Liqoida,  mixed,   raponr  pisawuus  aad 
boiling   pointa  of  Qfoinro   aad 
FoBTBT),  T.,  46;  (Youjio),  T. 
68. 
▼iaeoaity  of  (DxntnAn  and   Jm 

MBIT),  P..  216. 
of  conatant    boiling    point,    oom 
position  of  (Yotnro},  T..  77. 
Utkiom  Bitnta  and  ita  hvdrataa,  aofai- 

bilitiea  aad  transition-paiato  of  (Dob 

BAB    and     BiTBr),    T.,    886;    P. 

Laagataff  MadaL  praasataHon  of  tfca,  to 
pSifeasor  W.  J.  Pbpa,  P.,  180. 
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Marnetie  rotation.    Soe  under   Photo- 

cneniistry. 
Maize,  hydrocyanic  acid  in  (BrCnnich), 

T.,  794  ;  P.,  148. 
Maldiamide,  Maldi-n-propylamide,  ani] 
Maldibenzylamide,  rotatory  power  of 
(McCrae),  T.,  1324;  P.,  230. 
Malon-amide,    and    -anilide,    and    iso- 
nitroso-,  and  their  salts  (Whitelzy), 
T.,  24. 
Malondimethylamide,  tsonitroso-,  and  its 

salts  (WmiKF.EY),  T.,  21,  33. 
Malondimethylanilide,   isonitroso-,   and 

its  .salts  (Whiteley),  T.,  25. 
Malondi-naphthyl-    and    -tolyl-amides, 
and     isonitroso-,      and     their     salts 
(Whiteley),  T.,  24. 
Malonic  acid,  ethyl  ester,  action  of  its 
sodium   derivative  on    (Moore), 
P.,  276. 
sodium    derivative,    interaction   of, 
with     2:3:4:5-tetrachloropyridint' 
(Sell  and  Dootson),  T.  ,  396  ;  P. , 
48. 
Malonic     acid,    bromo-     and     chloro-, 
henzaniidides     of    (Ruhemann),    T., 
379. 
Malon-;>-tolylamide  and   Malon-o-tolyl- 
amic    acid,    ethyl    ester,   and    isom- 
troso-,   and  their  salts  (Whiteley), 
T.,  24. 
Mandelic  acid,   ethyl   ester,   hydrolysis 

of,  by  lipase  (Dakin),  P.,  161. 
Medicinal  preparations,   estimation    of 
ethyl  alcohol  in  (Thorpe  and  Holmes), 
T.,  314  ;  P.,  13. 
Menthanone,    8-bromo-    (Pkrkin),    T., 

846. 
^Menth7laInine8,    the     four    optically 
isomeric,  and  their  salts  (Tutin  and 
KiiTiNo),  P.,  289. 
Mercnrons  nitrite,  decomposition  of,  by 
heat  (Ray  and  Sen),   T.,    491  ;   P., 
/8. 
Mesoxamide,  oxime  of,  mono*  and  di- 
substituted  derivatives  of  (  Whitblry), 
T.,  24. 
MeUllio  nitrates,  absorption  spectra  of 
(Hartley),  T.,  221. 
oxides,    behaviour  of,    towards  fusetl 
boric     anhydride     (Burgess     and 
Holt),  P.,  221. 
radicles,  replacement  of  organic  radicles 
by,  in  tautomeric  compounds,  nature 
and  probable  mechanism  of  the  (Lan- 
der), T.,  414;  P.,  47. 
•alte,  fused,  molecular  formulas  of,  as 
determined  bv  their  molecular  sur- 
face energy  (Bottomley),  T.,  1421 : 
P.,  272. 


Metallio  thiocyanates,  action  of,  on  carb- 

onyl  chloride  (Dixon),  T.,  84. 
Methane,    slow    oxidation    of,    at    low 

temperatures  (Bone  and  Wheeler), 

T.,  1074;  P.,  191. 
Methozydihydro-)8-camphylie  acid  (Peu- 

kin),  T.,  844,  869. 
Methoxyl,     simplification     of     Zeisel's 

method  of  estimating   (Perkin),   T., 

1367;  P.,  239. 
m-Methoxy-)8-phenoxycinnamic       acid, 

and  its  ethyl  ester  (Ruhemann),  T., 

1134  ;  P.,  202. 
m-Methoxyphenoxyfnmaric   acid,   ethyl 

ester    (Ruhemann),    T.,   1132;     P., 

202. 
m  •  Methoxyphenoxystyrene  ( Ru  h  e  - 

MANN),  T.,  1134  ;  P.,  202. 
Methyl  alcohol,  estimation  of,   in  pre- 
sence of  ethyl   alcohol   (Thorpe  and 

Holmes),  P.,  285. 
Methyl  chlorocarbonate,  action  of,    on 

thiocarbamides  (Dixon),  T.,  550;  P., 

104. 
Methylamine,    action    of,    on    chromic 

chloride    (Lang  and  Jolliffe)  ,  P., 

147. 
.V-Methyl-o-aminophenol,  .Y-acetyl 

derivative   of  (Lee.s  and   Shedden), 

T.,  756;  P.,  132. 
Methylamylglyoxaline,  1:4- or  1:5-,  and 

its    salts     (Jowept),    T.,    447;    P., 

55. 
Methylamyleneglyoxaline       (Jowett), 

T.,  449;  P.,  55. 
a-Methylanhydracetonebensil,      dimor- 
phism   of   (Japp    and    Micuie),  T., 

276  ;  P.,  20. 
Methylanhvdraoetonebenxils,      a-    and 

3-,     oxidation      i)roducta    of    (Japp 

and  MicHiE),  T.,  279;  P.,  21. 
1  -Methy  lanthr  aqoinone,  5 : 8-dihydroxy  - . 

See  Chrysophanic  acid. 
1- Methy  lanthraqoinone,       2:5:8-       (or 

3:5:8)  trihydro.xy-.     See  Emodin. 
4-;>-Methylbenseneaso-l-phenyLS- 

methyl-6  pyrasolone  (Lapworth),  T. , 

1124  ;   P.,  149. 

A'-Methylbensiminoethert    (  Lander), 
T.,  324  ;  P.,  16. 

a-Methyl-a/3-diphenyl  a'/3-dihydroxy- 
glatario    acid.       See    a'/3-DiphenyI 
a  -  methylglutarie    acid,    a$  -  dihydr 
oxy-. 
Methylenedimethylaneeinie    add    and 

anhydride  (Bone  and  Hbnstock^, 

T.,  1888  ;  P.,  248. 
diethyl  ester,  magnetic  rotation  and 

refracUon  of  (Pbrkin),  T.,   1889  ; 

P.,  248. 
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•ad  fMJi'hromo    and 
iMBttnrI     wton 
(LArmmu\  T..  1196  :  P.,  160. 

oxrMe  tdd.    riromo.,   meathTl    attar 

1.1123;  P.,  ISO.      • 

amino- A*BApkU«l  Md 

nifiliyUto  and 

ItaSDDlic), 

iuainophtMl(Lnfiuid 

:.'<:^.  r.  131 
a  '■'  vUtimi      of 

.  1028;  P., 

.n  SilMR     Jin.l     liKIDOETT),    T., 

i'^:^7 :  P..  IW. 
1  v-'-^V'TozaliBe     and      iU     salts 

T..  444;  P.,  64. 
M      .     ;  ^riadamina   <i^lilorooamphor- 
^ :  phaiMtM,  d'  and  /•  (Tattbmall), 
»'  .  2^n. 
■■'  ^'  hydriadamina       and       its 

rides   nnd    benzoyl    derira- 
;iv.Mi    rMrrisr.  an<i  Clarkb),  T.,  913. 
^/  Matkylhydrindamina,    resolution    of 
(TamtRSALL),  P.,  287. 
</-bitNnoearophoraalphonates,  isomeric 
(Taitbbsall    and    Kipping),   T., 
018  ;  P.,  146  ;  (Kippino),T.,  937  ; 
P..  IM. 
'V/.iM»-MMtarlkjdiiiidaaiM    salts    and 
bauojl  oieriTatiTe  (Tattkbsall  and 
Ktrrr«r.>,  T.,  920;  P.,  146. 
A-Methjl  a  hydrindone   and    its  oxirae 

rkirpisr.  and  (iarkk),  T.,  915. 
■V- Me thyi-/>-naylit1lainorphoIins  and  its 
f«ul|»hoca]nphylata      and     mothiodide 
(LuB  and  SHBDDKy),  T.,  762;  P., 
183. 
A'Xotkyl.B-nnpktkMMpkoloaa,     pre- 
paration and  aleetfolytic  rsdoction  of 
(Lbbs  and  BmnnsN),  T.»  758;    P., 
18S. 
■adiylBaphtlumiooasola.    See  Ethenyl- 


y  Wsitjipia— Ml  rtiillai    (Less  and 

SHKnnr.v\T.,  75/  ;  P.,  132. 
.^'  Methy Iphenomorpholons,  electrolytic 

redoctioo  of  (Lf.rk  and  SitEDDRy),  T., 

760;  P.,  132. 
Mstkylryelopropenedicarboxylic       aeid 

(Pkrkin).  T..  846. 
1  Methylpyrasole-S-«arbozylie         aeid 

(Jownr  and  Pottrr),  T.,  469  ;  P., 

56. 
4-Kathylpyridins,  2:3:5.<ru:hIo*-  (Sell 

and  Dooi>K)N\  T.,  399  ;  ;P.,  48. 
Molacnlar  sorfaea  amsrgy.    Sea  Sorfroa 

energy. 
Molybdannm  potassiam  doable  chloride 

(HekokbsomX  p.,  246. 


Malybdanui  iWostda,  tnflMMt  of,  M 
tiia  spedflc  nttollaM  of  MmHo  mU 
and  ila  poteMlaiii  salt  (HtiroiMOir 
and  PuDmoi),  T.,  S60 ;  P.,  It. 

■Mb  ttCiaatlnrI  aCW  and  Its  aoatTl 
oonponnd  (PBRKtu  and  Pmrrs),  P., 
284. 

■aalda,  reaolntion  of  inartivs  acids  latn 
their  optically  vrtirm  components  by 
(MnKRSxix  and  Hardrk),  T.,  4S4  ; 
P.,  48.     • 

■atarotatlM.  8sa  ttadar  PhntodMB- 
i^itry. 

■yreans  from  hope  (Chapiian),  T.. 
605;  P.,  72. 

VyriestiB,  Mmhmmo.,  and  its  ethrl 
ether  '(Perk IN  and  Phippm),  P., 
284. 


Waphthacarbasolas,  1:2-  and  2:1-,  and 
derivatives  of  the  1 :2-<»nipottnd  (Jafp 
and  Maitland),  T.,  900. 
Hapbthalene  fmm  ptirparogallin  (Pru- 

Kis  and  Stkvrn),  T.,  199. 
8-Maphthamorpholoas  (liBRK  and  Shbi>- 

T>KN).  T.,  759;  P.,  182. 
Nsphthasarin    and    its    potasshim  salt 

(Prrkis  and  Wiuuis),  T.,  140. 
3-Maphthoxyaeatia  aaid,  «-nitr»-,  pi«- 
paration  and  radaetkm  of  (Lbm  and 
SHr.nnKs),  T.,  768  ;  P..  189. 
HaphthyUmines,  «-  and  $-,  alkyblnd, 
compounds  of,  with  s-tHnitrobiMiaeno 
(HiBBBRT    and    SuDBORonoH),     T., 
1334  ;  P.,  226. 
nckal  ammonium  ehromate  (Baioos), 
T..  392. 
sulphate,    solubility    carves    of    ths 
hydrstes  of  (arBELS  and  JoHHtow), 
P..  276. 
isoViaotiBia  aeid,  2.8:6^richloit>.  (Sell 

and  DooTBOK),  T.,  400  ;  P.,  48. 
Vitria    aeid,    abaorptaon   spactrwB   of 
(Hartlbt),  T.,  988. 
abaorptioB  ipaetn  of,  in  varioas  alaiaa 
of  eoaeaatntioB   (Habtlbt),   T., 
668;  P.,  108. 
strong,  physical  and  ebomioal  prapw- 
ties  of  (Vblbt  aad  Mahlbt),  T., 
1016;  P.,  196. 
Vitiie  oxide,  density   of  (Gbat),   P., 
60. 
peroxide.  ooastitBtloa  of  (DirBBs),  P.. 
288. 
Vitroffoa  <e(roxide,  oelloa  of,  on  pyridine 
(8PXKCBB),  P.,  79. 


1514 


INDEX   OF  SUBJECTS. 


Nitrogen,  (juinquevalent,  isomeric  par- 
tially raceinic  salts  coutaininjc  (Kip- 
ping), T.,  873,  889,  902,  937;  P., 
164,  166 ;  (Tattersall  and  Kip- 
pint.).  T.,  918;  P.,  145. 

Nitrogen  compoondi,  quinqucvalent, 
isomerism  and  optical  activity  of 
(Jones),  T.,  1400;  P.,  228. 

Nitro-groups,  influence  of,  on  the  re- 
activity of  benzene  haloids  (Lap- 
worth),  P.,  23. 


0. 


Obitnary  notices : — 

George  Griffith,  T.,  650. 
John  James  Hummel,  T.,  652. 
Sir  William  Chandler  Roberts- Austen, 
T.,  654. 

n-Ootane  and  n-hexane,  vapour  pressures 
and  boiling  points  of  mixtures  of 
(Young  and  Fortey),  T.,  56. 

Oil,  mineral.    See  Shale  oil. 

Olefinedioarboxylic  acidi,  ethyl  esters, 
action  of  ammonia  and  organic  bases 
on  (Ruhemann),  T.,  374,  717  ;  P., 
50,  128. 

Optical  activity.  See  under  Photo- 
chemistry. 

Organic  radicles,  replacement  of  metallic 
radicles  by,  in  tautomeric  compounds, 
nature  and  probable  mechanism  of  the 
(Lander),  T.,  414;  P.,  47. 

Ozimes,  test  for  (Whiteley),  T.,  45. 

a-Oximino-ketones,  characteristic  reac- 
tion of  (Whiteley),  T.,  26. 

Oxygen,  union  of,  with  carbon  monoxide, 
and  the  drying  of  gases  by  cooling 
(Girvan),  p.,  236. 
reaction     between     phosphorus    and 
(Russell),  T.,  1263  ;  P.,  207. 

Oione,  solubility,  estimation,  and  inter- 
action of,  with  hydrogen  peroxide 
(Inolis),  T.,  1010;  P.,  197. 


Pentamethyl    glnooie     (Pitrdie     and 

luviNK),  T.,  1035  ;  P.,  193. 
Pentanedioarboxylio    acidi.      See    Di- 

methylglutaric  acids,  and  Trimethyl- 

succinic  acid. 
PenUnatetntoarboxylie  acid,  rftbromo-, 

ethyl  ester   (Ghkoouy   and   Pkrkin). 

T.,  782  ;  P..  163. 
Pentanetrioarboxylic  acid.     See  afi-Di- 

nuthylpropanotri  car  boxylic  acid. 
Pentenedioarboxyllc  aeidt.     See  aa<Di 

nicthylKliitjicnnic  acida. 
Pariod  of  indaotion.    See  under  Affinity. 


Peroxylaminesnlphonates  (sulpfiazil- 
aUs)  (Hag a),  P.,  281. 

Peroxylaminesolphonic  aeid  (Divers), 
P.,  28:3. 

Petition  to  the  Society,  P.,  71. 

9:10-Phenanthracarbazole  and  9:10- 
Phenanthra-1'2'-  and  -2':l'-xiaphtha- 
carbazoles  (Japp  and  Maitland),  T., 
275;  P.,  19. 

Phenot^c/oheptene,  preparation  and  re- 
actions of  (Kipping  and  Hunter), 
T.,246;  P.,  11. 

Phenol,  o-amino-,  AT-acetyl  derivative 
and  its  isomeride  (Lees  and  Shed- 
den),  T.,  765;  P.,  182. 

Phenols,  freezing  point  curves  of  binary 
mixtures  of  amines  and  (Philip), 
T.,  814;  P.,  143. 
condensation  of,  with  esters  of  un- 
saturated acids  (Ruhemann),  T., 
1130  ;  P.,   201. 

Phenol-2-azo-jB-naphthol,  3:5-rftbromo- 
and  chloro-  (Orton),  T.,  804  ;  P., 
162. 

Phenomorpholone,  electrolytic  reduction 
of  (Lkes  and  Shedden),  T.,  754  ; 
P.,  132. 

Phenylamino-.     See  Anilino-. 

Phenylazoacetoacetic  acid,  and;>-bromo- 
and  p-chloro-,  menthyl  esters  (Lap- 
worth),  T.,  1120;  P.,  149. 

Phenylazocyanoacetic  acid,  |7-bromo-, 
menthyl  ester  [(Bowack  and  Lap- 
wouth),  p.,  23. 

Phenylazo-.     See  also  Benzeneazo-. 

Phenyl-benzyl-  and  -methylbemyl-baBs- 
enylamidines  (Lander),  T.,  327 ; 
P.,  16. 

Phenylbntyric-o-carboxylic  acid  (Kip- 
ping and  Hunter),  T.,  249;  P., 
11. 

Phenylchloromethylenecamphor  and  the 
action  of  aniline  and  alcoholic  am- 
monia on  (Foiusteh),  T.,  104. 

l-Phenyl-4:4-dimethyl-3:5-pyraaolidone 
(Pkrkin),  T.,  1225. 

^Phenylenebisdiaiosalphide  (Green 
and  Pekkix),  T.,  1205  ;  P.,  206. 

jo-Phenylenediamine-di-  and  -tetra-thio- 
sulphonio  acids  and  their  reactions 
(Green  and  Pekkin),  T.,  1201  ;  P., 
206. 

p-  Pheny lene  .V-dimethyldiamiiMdithio- 
sulphonic  aeid  (Green  and  Pbrkin), 
T..  1212. 

a-Pbenylethylamines,  d-  and  /-,  salts  of 
(Hunter  and  Kipping),  T.,  1147  ; 
P.,  203. 

Phenylethylbenienylamidin*  (Lander), 
T..  320:  P.,  15. 

Phenyl  ethyl  ketone.  See  Propiophen- 
one. 
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PkmllifdrMiduMUiTlaalQaifl 
and  brooM-,  ntoihyl  Mian  (rtRKiN), 
T..  IMS. 

•MjU»  MM, 

BMothyl     ««ton     (LAPWOKHiy,    T., 

UM;  P..  149. 
ntBTl^nftDbthjluftiAt     (JArr     and 

T.,  M9. 
Pb^  ayloTbtnlw     8m  Naph- 

OxMcubuoim. 


Pbotoubbmhtet  t-~ 
Uftt^lnflMMaoCM 

of  oarbM  aeaoKkb  with  dUoriat 
(DnoM     and     HAaow),     T., 

OptiMl  MtlTlty.  iaAmom  of  oyvlie 
ndiclM  oo  (Fkavblaitd  aad 
Oeubbod),      T.,     ISIS;      P., 


i  and  its  athjl  atter, 
BnpiwtJM  of;  Md  ndditkw  of  by* 
aroM  bromidB  to  (Sitdboiouob 
MdTaoMMOir),  T.,  IIM  ;  P..  SOI. 

•thjl  ctUr,  netkn  of,  oo  reoordnol 

aoChjI  otiMr  and  on  pklorogliiclnol 

dietbjl    ether    (RuHSKAjry),    T., 

1134  ;  P.,  202. 

fifUaafgnikmkt  mU,    mB-dibnmo. 

8ee  Qm— fe  add  rfOtromide. 

add,  and  ita  methyl 

rrFKKivi.  T.,  1227. 

Pb'  vlpbofpborie  amidine 

i  ...  1045;  P.,  200. 

PbeajUwtiiaaasalaearboxjlie  acid 

and  ita  ailver  aalt,  and  p^hloro-  (Pei;- 
KTy\  T.,  1228. 

l-Pbenjl  2:4:4- trimeth7lS:5pjraioIid 
one  (PuulIX),  T.,  1225. 

PUm^MtaHl  itotkyl  tthtr,  action  of 
ethji  ddonAunarate  and  ethyl  phen- 
yl pro{noUte  on  (BUHXIIANN),  T., 
1134;  P.,  20S. 

PMwiglMiWHiiirba»ylie  add,  fonna- 
tiaa  ni,  ftom  the  intonction  of  ethyl 
walonafii  with  ita  aodiom  deriTattre 
(MoouX  P.,  S7<. 

PhMWMb  mndonaafion  of,  with  hydro- 
nn  cyanide  (Lapwobth),  T.,  999 ; 

Pboi^k^  aaddinea  (Ca^-ex),  T.. 
1045  ;  P.,  200. 

reaction  between    oxygen 
and  (BUB8BLL),  T..  12«3 ;  P.,  207. 
frtdilonde,  action  of,  on  the  aromatic 
elhera    of    glycerol    (Boyd),    T., 
1136 ;  P.,  202. 
haloida,  action  of,  on  dihydroreeorciti 
(Crosslxy  and  Haas),  T.,  494  ; 
P.,  76. 
action  of,on  dimethyldihydrorBaorcin 
(Cbomlbt  and   Lb  Subub),  T.. 
110. 
luafiiftulphide,    eondttions   oCpbos- 
phonaeence    of    (ClattoxJ,     P. 

Pbotochemistbt  : — 
Liffbt,  infloenoe  of,  on  the  reaction^ 
between      beniene     and     chlorine 
(Slatob),  T.,  729 ;  p.,  135. 


(Praxbland  and  Slatob),  T., 

1349;  P.,2S9. 
BotatitB  of  menthyl  eyanoaoatate  and 

j»-tolTlaaocyaaoaeetata    (Bowaoe 

and  LArwoBTB),  P.,  38. 
of  the  oondenaation  prodnela  of  bmb- 

thvl  aoetoaeatato  with  aUahydaa 

(if ANN    and     Lapwobth),     P., 

291. 
of  the  menthjl  eaten  of  the  iaomarie 

mono,  and  di-chknlMuoie  ad^ 

(OoBBH  and  Bbioos),  T.,  Itl8; 

P.,  207. 
of  Mactic  acid  and  ita  potaadnm 

salt,  inflaenceofndybdenamand 

tungsten  triozidaa  on  the  (Hbx- 

DBRsoH  and  PBBimcB),  T.,  269  ; 

P.,  12. 
of  maIdianude,nialdi-»-propTlaniide, 

and  maldibenzyhunide  (McCbab)^ 

T.,  1324  ;  P.,  280. 
of  diethyl  m-nitrobenzoyltartrateaad 

nitro-p-tolayltartrate       (Pbaicb- 

land,  Heathootb,  and  Gbbbn), 

T.,  173. 
of  mono-  and  di-nitrotartaric  adda 

and    their   esters   (Fbaxblavd, 

Ubatbcotb,   and   Hartlb),  T., 

164. 
of  tartaric  di-ar-  and  •ac-tetrahrdro- 

/^naphtbylaroidea,        difnmiryl- 

amide,  and  dipiperidide  (Fbahk- 

LAND  and  Ormbbod),  T.,  1342  ; 

P.,  230. 
of  tartramide  and    ita  snbstitnted 

deriratiTes     (Franblakd     aad 

8latob),T.,  1349;P..22». 
MagBBClt  vtlBtftM  of  diethyl  methyl- 

eBedfaMthylmednate    (Pbbbiii), 

T.,  1889;  P.,24«. 
f    methyl    glyozimeperoxidetetra- 

methTMinaloBjIate      (Pbrbix), 

MntarttatlMi  of  gloooae  aa  inflnenoed 
by  adds,  basea,  and  salts  (Lowbt), 
tK,  1314  ;  P.,  168. 

of   BMthjrl   gljosiMp«. 
ozidetatramethTldtealoBjkita 
(Pbbbiv),  T.,  1S84. 
diethyl   MthylaMdtealhylne- 
dnata  (PtUmr),  T.,  1890;  P., 
248. 
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PlIOTOcnEMlHTKY  :  — 

Spectrum,  absorption,  of  hydrochloric, 
nitri(!,  and  sulphuric  acids  (Hart- 
LKY),  T.,  233. 
of  Ditric  acid  in  various  states  of 
concentration  (Hartley),  T., 
658  ;  P.,  103. 
of  metallic  nitrates  (Hartley),  T., 

221. 
of  corydaline,  berberine,  and  other 
alkaloids    in     relation     to    their 
chemical     constitution     (Dobbie 
and  Lauder),  T.,  605  ;  P.,  7. 
of  cotarnine  (Dobbie,  Lauder,  and 

Tinkler),  T.,  600;  P.,  75. 
of    laudanine  and    laudanosine    in 
relation     to     their     constitution 
(Dobbie  and  Lauder),  T.,  626  ; 
P.,  9. 
of  pilocarpine  nitrate  (Hartley), 

P.,  122. 
of    pilocarpine    and    isopilocarpine 
nitrates  (Dobbie),  T.,  453. 
Pilocarpine,   constitution   of  (Jowett), 
T.,  438  ;  P.,  54. 
nitrate,  spectrum  of  (Hartley),  P., 
122. 
/.voPilocarpine,  constitution  of  (Jowett), 

T.,  455;  P.,  55. 
iwPilocarpinic  acid,  and  dihromo-,  and 
i.s/>Pilocarpinolactone,  constitution  of 
(Joweit),  T.,  461  ;  P.,  55. 
Pilocarpoic  acid  (Jowett),  T.,  463  ;  P., 

56. 
Pilomalic  acid  (Jowett),  T.,  463  ;  P., 

56. 
Filopinic  acid  (Jowett),  T.,  463 ;  P., 

56. 
Pinene,  oxidation  of,  with  chromyl  di- 
chloride    (Henderson,    Gray,     and 
Smith),  T.,  1299;  P.,  195. 
Fotassiom  molybdenum  double  chloride 
(Henderson),  P.,  245. 
c^tchromate,  mechanism  of  the  redm;- 
tion  of,  by   sulphurous  acid   (Bas- 
kett),  T.,  692;  P.,  54. 
iodide,    velocity    and    mechanism    of 
the     reaction    between     i>otassium 
ferricyanide  and,    in   neutral  aque- 
ous   solution    (Donnan    and    Le 
R088IONOL),  T.,  708  ;  P.,  120. 
nitrate,  capillary  rise  of  (Bottom ley), 
T.,  1424  ;  P.,  272. 
Potato    starch    paste,    action    of   malt 
diastase  on  (DAvisand  Lino),  P.,  275. 
Propionic  acid,  ethyl  ester,   and  ethyl 
acetate,  vapour  pressures  and  boilinc 
points  of  mixtures  of   (You no  and 
Fortky),  T.,  47. 
Propiophenone,    condensation    of,   with 
l»rn7.vlid«MiPacrtophenone  (Abbll),  T., 
360  ;  P.,  17. 


Propiophenone,  ;)-aniino-,  and  its  salts, 
and   bromo-,  chloro-,  and  acyl   deriv- 
atives of  (Chattaway),  p.,  124. 
Protocatechnic     acid,     derivatives     of 

(Pkkkin  and  Schie-ss),  P.,  14. 
Parparogallin  and  its  acetyl  derivative, 
formation    of,    by   the   electrolytic 
oxidation  of  pyrogallol  (A.  G.  and 
F.  M.  Perkin),  p.,  58. 
and  its   tetra-acetyl,   tribenzoyl,    and 
dibromo-derivatives,  trimethyl  ether 
and  its  acetyl  com|)ound,  and   jwt- 
assium  salt  (Perkin  and  Steven), 
T.,  192. 
Purpurogallincarboxylic  acid  (Perkin 

and  Steven),  T.,  200. 
Pnrpnrogallone  and   tj<;oParpnrogallone 
and  their  acetyl  derivatives  (Perkin 
and  Steven),  T.,  197. 
Pyridine,  action  of  nitrogen  tetroxide  on 
(Spencer),  P.,  79. 
chloro-derivatives    (Sell    and   Doot- 

8ON),  T.,  396;  P.,  48. 
2:3:4:5-fe<rachloro-,     interaction      of, 
with  ethyl  sodiomalonate  (Sell  and 
Dootson),  T.,  396  ;  P.,  48. 
2:3:5-^richloro-4-hydroxy-  (Sell  and 
Dootson),  T.,  400;  P.,  48. 
Pyridyl-4-acetic  and   -4-malonic  acids, 
2:3:5-<rtchloro-  (Sell  and  Dootson), 
T.,  398;  P.,  48. 
Pyrogallol,  formation  of  purpurogallin 
by   the    electrolytic  oxidation   of  (A. 
G.  and  F.  M.  Perkin).  P.,  58. 
Pyrometer,  new  form  of  (Lumsden),  T., 
349  ;  P.,  41. 


Quaternary    salts,     isomeric,    attempts 

to  i)repare   (Barrowcliff   and   KlP- 

I'lNc).  T..  1141  ;  P.,  202. 
Quercitin  (rKiiKiNand  Phipps),  P., 284. 
0  Quinonediaiide  (diaaophenol^  Z-mono 

and  <r»bromo-  (Orton),  T.,  811 ;  P  . 

162. 
/'•Qninonediaside   (diasophtnol)^  ZiSdi 

bromo-2-nitro-  (Orton),  T.^  810  ;  P.. 

162. 


Bacemisation,   catalvtic,   of  amygdalin 

(Walker),  T.,  472. 
Ealn,  discoloured  (CLA^'TON),  P.,  101. 
Befraetion.     See  under  Photochemistry. 
R4h,  analysis  of  (Hill),  P.,  58. 
Bada.  rimu  (Eastkrfiblp  and  Aston), 

P.,  190. 
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..(    -ii.^i     ,-hIorx»lutuAimlr    and 

.loUtr  oil  iRrHIMAMNX 

.•  Mid.  tit^nrmUrw  of  (Psft- 

-    HlKN^  .   r.,   14. 

:>T«rtOM  and  iU  otaaoM  (HlLLl  T., 

:»«» ;  P..  W. 
HiiiMatM,  JwtioB  of  bydroKM  ptiwdde 

<MI,    is    pl^MMMQ    of    fctTMH   Mlphste 

(MoRMUXMd  CRom),  T.,  1S85 ;  P., 
•i08. 
EiMftie  Mid   oad   iU  iiitio<4eriT»Uv«t 
(EACTEariBLD  and  Asroif),  P.,  190. 
Soo  aadar  PholodMMkliy. 


inr    »»ii    n(    i'i>i      ^  .     in 

of    Fiji    ((;  ■:  !  MN..  . 
1«»;P..«01. 
UOkjV^  Mli,   arid   salU  of.   and   the 
<*fliK>t  of  water  and  alcohol  on  them 
Farmkr),  T.,  1444  ;  P..  274. 
8alU  diaaolTfHl  in  liqoefiod  saaea,  con- 
doetiTitT  of  (Stbblb  and  MclNT^Htii), 
P.,S90. 

ijlmalonjlic 
lyl    aster    (Perk in),    T., 
1218. 
Shala  oil,  Scottish,  haaes  in  (Garrbtt 

and  Smttbb),  T.,  763  ;  P.,  164. 
WHitatM,  coQatxtation  of  certain  (Sim- 

MoiTDa),  T..  1449  ;  P.,  218. 
■UifttplMaiyiaMdit,  interactions  of,  with 
tUcearlnmidea  (RbtnolmX  T.,  252; 
P..«. 
Silfw  ahlHiia,  eatjination  and  separa- 
tioB  ni,  fkom  aOTer  cyRoide  (Plim- 
MBR),  P.,  S85. 
IpdivB  hydride  (Holt)»  P..  187. 
nitrate,  cafnllary  riae  of  (Bottximlbt), 
T.,  1424;  P.,  272. 


Balnbility  of  dynamic  iaomaridea  (Low- 
RT).  P..  lU. 
of    barinm    aoalale    (Walkkr    and 

Ftffe),  T..  178. 
of  lithiam  nitrate  and  ita  hydrates 
(DuvHAK  and  B(7ET),  T.,  885 ;  P.. 
87. 
of  omw   (iNGLia),    T.,    1012;     P., 
197. 
SolmMUty  ewraa  of  the   hydrates  of 
nickel  solphate  (Steklb  and  Johk- 
80X),  P.,  275.  ^ 

Sorgkwaa,  hydrocyanic  add  in  (Bftfrx- 

xicH),  T.,  788  ;  P..  148. 
Spectrum.     See  onder  PiiotociMaiiftry. 
Stannimethaaa,   prapRntkn   of    tobm- 
alkyl  derivativeB  of  (PoPB  and  PlA- 
CHBT),  P.,  290. 


(eimuammt%  m-Uima-    (8n>. 
BOKotWR  and  TwrntmnU  T..  Mt, 
lIMjP.,  107. 
•tJTCffaltol    utd    ili   jiiliirfiM     Mil 

(Pmikiv  and  Wit^vj;  T.,  Ili. 
MMttM,  C„HJ[)^  pmnliOT  of.  nd 
oae  of.  for  Um  iimSitaam  of  ■!«• 
aad  prinarr 
187. 


(rnrroir),  T., 

te  aad  biiiiu 
▼iUva,  ftwi'tlM  aalka  aC  as- 


C„H«ON,  aad  ita 


^(PORffTBR),  T.,  108. 

C,;i{«ON,    and    iU  pionta,  plaliai. 

I  chloride,   and    baaaojl  dtrffatifa, 

from  tfaa  aotioa  af  alaolMtto  a«. 

!         moiria  OB  plMSjIoUoiMMlliylMia. 

camphor  (Foritib),  T.,  108. 

C„H,,0,   and    C»H,^,  firon    1:4:5- 

tn^v.rr..x  v.4:54iipi;«By|.i  :8^|. 

'I«ntanoiia-3   (JArraad 

.M  1,804. 

<^*-»"a»N3  from   the  astiaa  ot  aailtaa 

on    phcnylcliIoromeChylaMeaaiplMr 

(FoiwTEK),  T.,  105. 

Saeroaa,   methylation  of  (Puri>ir  aad 

iKViNK),  T..  1036;  P.,  193. 
8affari,  the  alkylation  of  (Puroib  and 
iRvixK),  T.,  1021  ;  P.,  192  ;  (PuRniB 
and  BiuncjETT),  T.,  1037;  I*.,  193. 
SolphasUataa   and    MataaRlphaailatea. 
See  PeroxyUuninesolphataa  aad  Hydr- 
ozvlaminetrisolphonatea. 
8alpkoeampholenaearbojnrlie  aaid   aad 
its  mWa  (Hap.vf.y   and    Lapwoith), 
T.,  1102;  P.,  148. 
Snlphocamphylia   aaid    (Pbrkin),    T., 

835. 
Solphnrie  aaid,  abaorptkai  wpmitnm  of 
(Hartlrt),  T.,  287. 
va|M>tir     preasana    of    aolatioaa    of 
(BiTBT),  P.,  224. 
SorilMa  aatrgj,    molaciilar,    of 
salta,  aapatataa  for  Um  daUna 
of  the  (BorroMLBTV  T.,  1423. 


Tartaria  acid,  aiofio-  aad  rfi  nitro-,  and 
their  aataia,  piapaiatioa  and  rotation 
I  of  (Frakklaxd,  Hkathcutr,  and 
Hartli).  T.,  154. 

Tartaria  ii-ar-  and  -or-tatrakydza-il* 
naphthTlamidaa,  ilAufkryUaiMa  wd 
dipiptridida,  preparation  aad  rntaHoa 
of  (Feaxklaxd  aad  Ormxrod),  T., 
1842 ;  P.,  280. 

Tartraadda.  inflaaaea  of  varioM  aab- 
fitituenU  on  the  rolataoa  of  (FKAVK- 
LAND  and  Slator),  T..    1849;    P., 
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Tautomeric     compounds,     nature     and 
probable   mechanism   of  the   replace- 
ment of  metallic  by  organic   radicles 
in  (Lander),  T.,  414;  P.,  47. 
Temperature.     See  Thermochemistry. 
Terpene,   CioH,e,  from  the  oil   of  Cin- 
Tumwmum     pedatinervium      of     Fiji 
(Goulding),  T.,  1095  ;  P.,  201. 
aaa'a'-Tetramethyldihydromuconic  acid 
and  its  oxidation  prwluct  (Bone  and 
Henstock),  T.,  1884  ;  P..  247. 
Tetr ame thy  1  gluconic  acid  (PuRDiBand 

Irvine),  T.,  1033;  P.,  193. 
Tetramethyl     glucose     (Purdie     and 

Irvine),  T.,  1031  ;  P.,  193. 
Tetrasulphido  -p  ■  phenylenediamine 
(Green  and  Perkin),  T.,  1211  ;  P., 
206. 
Thermochemistry  : — 

Temperature,  influence  of,  on  the  rate 
of  decomposition  of  diazo-compounds 
(Cain  and  Nicoll),  T.,  470  ;  P., 
63. 
Transition  points   of  lithium  nitrate 
and    its    hydrates     (Donnan    and 
Burt),  T.,  335;  P.,  37. 
Transition  temperature  of  the  hydr- 
ates of  barium    acetate  (Walker 
and  Fyffe),  T.,  182. 
Latent  heat    of   evaporation,   direct 
method  of   determining  (Brown), 
T.,  987;  P.,  164. 
Thiocarbamide    and    ammonium    thio- 
cyanate,     dynamic    isomerism     of 
(Reynolds  and  Werner),  T.,  1. 
estimation     of,     volumetrically,     by 
means  of   iodine    (Reynolds    and 
Werner),  T.,  1. 
Thiocarbamides,  action   of  methyl  and 
ethyl  chlorocarboaates    on   (Dixon), 
T.,  560;  P.,  104. 
Thiooarbimidei,    interactions    of,   with 
silicophenylamide     (Reynolds),     T., 
252;  P..  6. 
Tin,  arsenic,  and  antimony,  qualitative 

separation  of  (Walker),  T.,  184. 
Toluene  and  benzene,  vapour  pressures 
and   boiling  points  of  mixtures  of 
(Young  and  Fortey),  T.,  58. 
and    ethylbenzene,    vapour    pressures 
and   boiling  points  of  mixtures  of 
(YouN(;  and  Fortey),  T.,  52. 
p-Toliienetio-/3-naphthol,    8:5-rf»bromo- 

(Orton),  T.,  812;  P.,  162. 
pTo!  aene -4- aio- 1  •  phenyl-S-meth  jl-<- 
pjraMlone  (Lapworth),    T.,    1124; 
P.,  149. 
Toloic  aeida,  in-  and  p-,  acid  salts  of, 
and   the   effect  of  water  and  alcohol 
on    them   (Farmer),   T.,   1442;    P., 
274. 


//i-Toluidine,  acetyl  derivative,  constitu- 
tion of  the  products  of  nitration  of, 

and  their  chloro-derivatives  (Cohen 

and  Dakin).  T.,  331. 
o-Toluimino-methyl    and    -ethyl  ethers 

(Lander  and  Jewson),  T.,  769  ;  P., 

160. 
/>-Toluyltartaric  acid,  nitro-,  ethyl  ester, 

prei>aration  and  rotation  of  (Frank- 
land,  Heathcote,  and  Green),  T., 

168. 
;>Tolyla2oacetoacetic      acid,      menthyl 

ester     (Lai-wokth),    T.,    1121;     P., 

149. 
/>-Tolylazocyanoacetic     acid,     menthyl 

ester,  and  its  rotation  (BowACK  and 

Lapworth),  P.,  23. 
Transition-points  and -temperature.   See 

under  Therraocheniistry. 
o7e-Tribenzoyl-/35-diphenyl-o-methyl- 
i       pentane  (Ai;em.),  T.,  362  ;  P.,  17. 
;   aa7-Trimethylacetonedicarboxylic  acid, 
j        ethyl  ester,  ])reparation  and  retluction 
I       of  (Perkin  and  Smith),  T.,  775;  P., 
!       163. 
Trimethylbenzene,  rftchloro-  (Cbosslkt), 

P.,  227. 
1: 1: 2-Trimethyl- A*-:^-dihydrobeniene,  3 :5- 

rftchloro-  (Crossley),  P.,  227. 
Trimethylene-mono-  and  -di-earbozylie 

acids,  dissociation  constants  of  (Bone 

and    Spranklino),    T.,    1378;    P., 

247. 
Trimethyl      glucose      (Purdie       and 

Bridijett),  T.,  1039;  P.,  193. 
^r«7w-oa7-Trimethylglut»conic  aeid 

{hejt-ylenedicarboxylie  add),  synthesis  of 

(Perkin  and  Smith),   T.,  777;  P., 

163. 
007-Trimethylglutaric    add    {heranedi- 

carboxylic  acid),  synthesis  of,  and  finr 

rfibromo-  and  /5-hydroxy-  (Perkin  and 

Smith),  T.,  771  ;  P.,  163. 
2:4:6-Trimethvlpyridine    from    Scottish 

shale  oil  and  its  aurichloride  (Garrstt 

undS-MYTHB),  T.,  763;  P.,  164. 
Trimethylsuccinic  acid   (pentanedicarb- 

oxylic     acid),   hydroxy-    (BoNB   and 

Henstock),  T.,  1387. 
Trimethylsueoinio    anhydride,    bromo-, 

action    of    nlcoholir    pot^uih    and    of 

diethyluniline    on   (BoNF.    and    Hen- 

HTOOK),  T.,  1387;  P.,  248. 
l:3:6Triphenyl  2:4 dimethyl«^ycfop««t- 

aae,   synthesis  of  (Abbll),  T.,  867  ; 

P.,  18. 
hM'TAjlhvijl-9m»thjlcydafmUm», 

syntheaia  of  (Abbll),  T.,  867;    P., 

18. 
8:4:6Triphen7l  3  methylpyridint      and 

its  hydrochloride  and  picrate  (Abbll)» 

T.,  363  ;  P.,  17. 


\ 


IN1>K1  or  BUailCTB. 
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UioxiiU,  lnlla«nce  of,  oo  tlx 
of  i-botk  add  miU 
ill  MiMriiB  Mil  (Ukxdimox  mkI 
PunmaiX  T..  169 ;  P.,  la. 


Ur«i,  iwmiut  (br  Um  hIrnlUfeftlioii  of 
(Fwrow),  T.,  187. 


T. 


/l-Tatei«xjiBiM3rtoM  (Lees),  T..  154. 
TiMJiiw    Mrauiloiide,    reacUoos    of 
(Smu),  P.,  US. 


i.EJf).  T.,  S42 


rr^ 


(LUMS- 


Vaponr  pr«n«rM  and  boiling  points  of 

mixed  Uqaids(YurNG  and  Fortet), 

T..  45;  (Yoiso),  T.,  68. 
of  aqaaooa  amnioiua  aolntion  (Pkk 

HAJikT.,  1168;  P^t04. 
ofsolphork  add  aolotkma  (Burt),  P.. 

224. 


▼•fftUbU  fooda.  oookad,  chawJiMl  eon- 

Sm  of  (WiLUAiu),  P.,  M. 
•r    itMtlMt.       8m    «adar 
7- 
TiMMitj  of  liquid  miztarM  (DuntTASC 
and  jRMunT).  P.,  215. 


Waifkt,  BolMEkr,  of  fWad  Mlta  m 
datacmiMd  bv  thdr  molaealar  sor- 
faM  aiMigy  (Bottomi.it),  T.,  1481 ; 
P..  272. 
a  microaoopie  method  of  deUnaiaiag 
(Baroer),  p..  121. 


Xjlaaol,  bromo-derivativea  of  (Cl 
and  Le  Sueur),  T.,  127. 


Ziae,  atmoaphario  oorroaion  of  (MoodtX 
P.,  278. 


Page     Line 
641        6    /or 
649        1      „ 


ERRATA. 

Vol.  LXXIII  (Trans.,  1898). 

"  0-2  "rearf"  0-02." 
"  87  "reofi"  9-7." 


284 
298 


Vol.  LXXXIII  (Trans.,  1903). 

112        3    fw   **sohibility"  Ye&d ''insolubility." 
188  6  and  6  ,,     "mm.  "  read  "milligram." 

„    "  CeHgC— CHCH  "  rr(ul  "  CeHo-C— CH'CHj." 

II  II 

,,    "  The  sparingly  soluble  potassium  salt "  read  '*  A  small  quantity  of 
the  potassium  salt." 
298        2*  delete  Footnote. 
309        3    /or   •' dimethyloxidoglutarie    acid"     retid     "  dimethyldiphenylozido- 

glutaric  acid." 
664        8      „   *'R.  U.  Hummel"  reorf  "Roberts  Bkaumont." 
788  (footnote)  1  add  "{Proc.  Roy.  Soc.,  1902,  70,  153)." 
1897      20    /or   "  1902  "  r^atZ  *' 1903." 
1413      20    „     "H  =  6-9;  N  =  7-8"r«wZ"H  =  7-8;  N  =  4-9." 


•  From  bottom. 


>v 


\    \ 


BINDING  SECT.  MAR  1  8  1971 


QD  Ch«Blc«l  Socl«ty,  London 

1  Journal 

cop.  3 


PLEASE  DO  NOT  REMOVE 
CARDS  OR  SLIPS  FROM  THIS  POOCET 

UNIVERSrrY  OF  TORONTO  UBRARY 


i    STORAGE 


) 


